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C H A PTER  1

Water
As an introduction to  the study of hydraulics and pumps, 

the reader should first consider water and its characteristics.

W ater is a most rem arkable substance.

Its behavior under different conditions is very extraordinary. 
That is to  say, under the influence of tem perature water m ay be 
converted into a gas and employed as a medium for developing 
power, as steam  applied to  a steam  engine.

Again when subjected to  low tem peratures, it is converted 
into a solid (ice) which because of its peculiar characteristic of 
expanding during its change of sta te , causes pipes to  burst and 
does other damage.

By definition, water is a compound of hydrogen and oxygen 
-in the proportion of 2 parts by weight of hydrogen to 16 parts 
by weight of oxygen.

Ques. W hat is the m ost rem arkable characteristic of water?

Ans. A t maximum density (39.1° Fahr.) water will expand 
as heat is added and it will expand slightly as the tem perature 
falls from this point, as shown in figs. 1 to  3.
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Ques. W hat is the freezing and boiling points of water a t 
atmospheric pressure a t the-sea level? 

Arts. I t  will freeze a t 32° Fahr. and boil a t  212° Fahr. when 
the barom eter reads 29.921 ins. (_1 C(X<^ j  

Ques. W hat is the reading 29.921 ins.? 
A n s . The standard atmosphere.
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Figs. 1 fo 3.—The most remarkable characteristic of water: expansion below 
and above its temperature or “ point of maximum density” 39.1° 
Fahr. Imagine one pound of water at 39.1 ° Fahr. placed in a cylinder 
having a cross sectional area of 1 sq. in. as in fig. 2. The water having a 
volume of 27.68 cu. ins., will fill the cylinder to a height of 27.68 ins. If the 
liquid be cooled it will expand, and at say the freezing point 32° Fahr., 
will rise in the tube to a height of 27.7 ins., as in fig. 1, before freezing. Again, 
if the liquid in fig. 2 be heated, it will also expand and rise in the tube, and at 
say the boiling point (for atmospheric pressure 212° Fahr.), will occupy 
the tube to a height of 28.88 cu. ins. as in fig. 3.
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Ques. W hat is its equivalent in pounds per square in.? 

A ns. 14.696 lbs. per sq. in. 

Ques. W hat else besides hydrogen and oxygen is contained 
in water? 

A ns. W ater contains mechanically mixed with it about 
5 per cent of air by volume.

chemically m ixed" in the cold water.

For this reason condensing steam engines must have air pumps attached 
to the condenser otherwise the necessary vacuum'could not be maintained.

Ques. Give a striking example of the air contained in water. 

41ns. The operation of steam  heating plants.

Since this air is liberated when the water boils it passes into the radiatccs 
with the steam and accordingly automatic air valves must be provided to 
rid the system of this air otherwise the radiators would become air bound 
and rendered ineffective.

ST E A M  BUBBLES L IBERATED  
/ A IR

( r is in g )

COLD W A T E R
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Ques. How does pressure affect the boiling point of water?

4 n s . The boiling point rises with the pressure.

Thus, it is 212° Fahr. at sea level atmospheric pressure, and a t say 100 
lbs. (absolute) pressure it is 327.8° Fahr.

Ques. W hy is the water “boiling” in fig. 6 and not boiling 
in  fig. 7?

Arts. Fig. 6 shows water boiling (as in a tea  kettle) by the 
addition of heat. If the vessel were closed the water would

ATMOSPHERIC p r e s s u r e

\  OPEN CLOSED
f
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( ABSOLUTE PRESSURE )

Figs. 6 and 7.—Water boiling at atmospheric pressure and at 100 lbs. pres
sure absolute. Note temperatures.

continue to  boil which would cause the pressure to  rise. Now 
in fig. 7, if no more heat be added when the pressure rose to  say 
100 lbs. the water would cease boiling and the pressure would 
rem ain constant if no heat were lost.

The temperature of the water, steam and pressure are said to be in a state 
of equilibrium. The least variation of temperature (either up or down) 
would destroy the “state of equilibrium’’ and cause a change.
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Ques. How could the water (fig. 8) be made to  boil again?
dins. By letting some of the- confined steam  escape, as in 

fig. 9.

EQUILIBRIUM BO IL ING
Figs. 8 and 9.—Equilibrium between temperature and pressure (fig._ 8) and 

equilibrium upset by reduction of pressure (fig. 9) resulting in "boiling.”

Ques. W hat happens?
dins. On the  escape of steam  a reduction of pressure takes 

place and equilibrium of the system is disturbed. The water 
(containing excess heat) immediately begins to  boil and tends 
to keep the pressure constant.
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If this process be continued a gradual reduction in temperature and 
pressure will result until all the heat originally put into the system is used up.

Ques. How does elevation affect the boiling point of water? 

/ in s . The boiling point is lowered as the elevation increases.

Ques. Why?

A n s. Because the pressure of the atmosphere is lowered as 
the elevation increases.

At an elevation of say 5,000 ft. water will boil a t a temperature of 
202° Fahr.

/

Ques. W hat annoying effect is experienced by the lowering 
of atmospheric pressure as the elevation increases?

/in s . The gradual reduction in power of an automobile 
engine in ascending mountains.

The charge of fuel mixture becomes less because the full (sea level) 
atmospheric pressure is not available to push it into the cylinders—an 
inherent defect of a gas engine not equipped with a supercharger.

Ques. W hat other condition is noticed?

A n s. The reduced atmospheric pressure disturbs the quality 
of the mixture.

That is, the proportion of air entering the carburetor is reduced. The 
author in an ascent of Smoky Mountain had to adjust the secondary air 
valve four times before reaching the top.

Ques. W hat domestic operation is impossible a t high 
altitudes?

/in s . Eggs cannot be boiled.
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Ques. W hat cooking utensil depends for its operation on 
the effect of pressure on the boiling point?

A ns. The pressure cooker.

Ques. M ust water be “ho t” to  boil?

A n s. No.
The popular idea that a liquid must be “hot” to boil is a wrong con

ception. For instance water under a 28 in. vacuum will boil a t 100° Fahr.;
if the vacuum be increased to 29.74 it will boil a t 32° Fahr.

Ques. A t w hat tem perature can water both boil and freeze?

Ans. A t 32° Fahr. water will boil under a 29.74 in. vacuum  
and freeze a t atmospheric pressure (14.7 lbs.).

Ques. W hat cooking utensil depends for its operation upon 
a variation of pressure?

Ans. The glass coffee brewer.

Ques. How does it work?

Ans. W ater is pu t in the lower globe and ground coffee in 
the upper container, as in fig. 14. W hen heat is applied, the 
pressure generated will force the boiling water through the filter 
and into the upper container as in fig. 15. W hen the heat is 
shut off, the cooling of the lower globe causes a vacuum  to  form 
therein and the pressure of the atmosphere forces the brewed 
coffee through the filter and into the lower globe.

Ques. W hy does the tube not extend to  the bottom  of the 
lower globe?

A ns. For two reasons. 1, to  leave a reserve of water in 
the lower globe, the boiling of which will force steam  into
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/coffee

AIR
TIGHT
JOINT

WATER

SOURCE OF 
HEAT

the container and cook the coffee; 2, to prevent the lower globe 
becoming dry a t once with probable breakage due to  tem porary 
inattention.

PRESSURE VACUUM

'  BREWED COFFEE

Figs. 14 fo 16 .—The familiar glass coffee brewer illustrating the variation of 
pressure upon which its operation depends. Fig. 14, heat applied, pressure 
generated and the water being forced into the upper container; fig. 1 5, com
pletion of the upflow part of the cycle; fig. 16, cooling period producing 
vacuum which causes excess pressure of atmosphere to force the liquid down 
into the lower globe.

A ns. All waters are not pure, and in most cases contain 
ingredients th a t  form scale which is precipitated on heating and 
adheres to  the heating surfaces of the boiler.

Scale in boilers may be of hard rock-like nature, or of soft greasy, or 
powdery nature, according to its chemical and mechanical composition or 
formation.

FILTER

Ques. W hy is it some waters give considerable trouble in 
boiler operation?
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Ques. W hat is the effect of scale in boilers?

^4ns. I t  is a very poor conductor of heat, which results in 
waste of coal and overheating of the metal of the heating 
surface.

For these reasons boilers have to be cleaned frequently and in some 
cases special chemical treatm ent must be given to the feed water before 
passing into the boiler.

Ques. Upon w hat property of water does the operation of 
hot water heating systems depend?

A n s. Its  expansion and contraction with rise or fall of 
tem perature respectively.

Take a U-glass tube. Pour water into it and the water will rise to the 
same level as in fig. 17. Why? Because the water is a t the same tempera
ture in both legs of the tube. Now heat the water in one leg and cool 
it in the other, as indicated in fig. 18. The hot water will expand and rise 
above level A B, while the cold water contracts and recedes below the 
normal level AB.

Ques. How can there be equilibrium in the tube with the 
water a t different levels?

A n s. In fig. 18 the long column C , of expanded and light 
water weighs the same as the short column C ' of contracted 
and heavy water.

Ques. Explain why the expansion and contraction of water 
is the operating principle of hot water heating systems.

A n s . Fig. 19 shows an elem entary hot water heating system. 
The weight of the hot and expanded water in the up flow 
column C , being less th an  th a t  of the cold and contracted 
water in the down flow column C' upsets the equilibrium of 
the system and results in a continuous circulation of w ater as 
indicated by the arrows.
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Ques. W hat is the kind of circulation in a hot water heating 
system called?

Ans. Thermo circulation, which is just another way of 
saying circulation due to  heat.

Ques. W hat would happen to  a boiler were there no circula
tion of the water?

weight per unit volume.

A ns. There would be practically no generation of steam  
except for a film of steam  separating the water from the heating 
surface. The la tte r would become red hot and the boiler 
probably destroyed.

Ques. W hat is the sta te  just described called?

A n s . The spheroidal sta te .
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Thus in fig. 21 pour a small quantity of water on a red hot plate. The 
water will separate into drops and ride all around the plate being supported 
by a thin film of steam. Thus the water (after steam has formed) not 
being in contact with the plate has practically no cooling effect on the plate.

i-v'T-i;
Weight of W ater.—The property of water of varying in | 

weight (lbs. per unit volume) due to  changes in tem perature,

HIGH T E M P ER A T U R E

giving rise to  circulation in boilers and heating systems as has 
just been explained, is evidently a very im portant property.

Ques. Is the statem ent th a t a U. S. gallon of water (231 
cu. ins.) weighs 8.33111 lbs. (ordinarily expressed as 8}{  lbs.) 
accurate?

A n s. No.

Ques. Why?
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Fig. 20.—Experiment illustrating effect of no circulation. Anchor some ice 
at the bottom of a test tube and fill to near the top with water. Apply heat 
near the surface of the water. This will cause the water at that point to boil 
and no heat will reach the ice. Why? The cold water around the ice is 
heavier than the hot water at the top which condition prevents thermo circu
lation. If the heat be applied at the bottom of the tube circulation will 
begin, the ice will melt, and all the water will be vaporized if the heat be 
applied long enough.

For instance a gallon of water a t 34° Fahr. weighs — lbs. and a t 200° 
Fahr. only — lbs.

For ordinary calculations a t ordinary temperatures, the weight is taken 
at 8T3 lbs. which is close enough in most cases. However, it should be

VAPORIZATION

A ns. The U. S. gallon of water weighs 8.33111 lbs. only a t 
the standard tem perature of 62° Fahr.; a t any other tem pera
ture the weight is different.

NO CIRCULATION

WATER
HOT

CIRCULATING ZONE
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understood this is only approximate. Evidently for precision, the weight 
a t the given temperature should be taken.

The Three States of M atter.—The three states in which 
m atter may exist are known as:

Fig. 21.—Drop of water on red hot plate illustrating spheroidal siate.

1. Solid
2. Liquid
3. Gas

A familiar example of one substance existing in the three 
states is

1. Ice
2. W ater
3. Steam

as shown in figs. 22 to 24.

Change of S tate .— By sufficiently increasing the temperature, 
solids are converted into liquids and liquids into gases.

DROP OF W ATER FILM OF S T E A M

RED HOT P LA T E
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Thus in fig. 22, if the tem perature of the air surrounding the 
cake of ice rise above 32° Fahr. the ice will melt, th a t is, fusion \ 
takes place resulting in a change of state  from solid to  liquid, 
as in fig. 23.

Again if heat be added to  the water as in fig. 24 raising its 
tem perature to  212° Fahr. a  second change of sta te  will take i 
place a t atmospheric pressure, converting the water into steam, 
th a t is, vaporization takes place.

I ST STATE
(s o l id )

"“ :fc'v-

' ICE 
3 2 "

i

AIR
ABOVE

32"

1ST CHANGE 
OF STATE

/ ' ’N - ' - ' S T E A m "" ') '! ‘ -,

3 RD STATE
r r  -, (gas)

( t - K i  ' - ' Æ *

VAPORIZATION —

2 ND STATE
( l iq u id )

Figs. 22 to 24.— The three states of matter: Solid, liquid and gas, as explained 
in the text. Note the first change of state from solid to liquid is ca lled  fusion 
and the second change of state from liquid to gas vaporization.

In this case 212° Fahr. is the boiling point b u t^ s  before pointed out, it 
should be remembered that the boiling-point depends upot? tfie surround
ing pressure. In this connection water) cep boil and freeze a t the same 
time. See fig. 25.

Ques. Give a familiar example of cooling-by re-evaporation.
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A ns. In  steam  engine operation, as shown in figs. 26 to 28. 

Ques. W hat is the m istaken idea about re-evaporation even 
among some engineers. 

¿4ns. They regard it as a loss which in fact is not the case.

Re-evaporation, since it increases the area of the indicator diagram from 
the point L, fig. 26, up to the point of pre-release represents a gain.

VACUUM INSIDE BO IL ING
\ A N D

VAPOR IZAT ION  \ P B r r T l l l A

ICE FORMING

Fig. 25.—Change of state, as illustrated by Leslie's experiment showint 
that water can boil and freeze at the same time. On removal of the air with 
the air pump the water begins to boil and the vapor formed is absorbed by 
the sulphuric acid almost as rapidly as it is formed. The temperature of the 
water is quickly lowered and finally it freezes while vaporization is taking 
place.

Ques. How do they  get the m istaken idea?

A IR  PUMP

¿4nfiIJ0Dt.iSih?>(g|ipfef9i'i cost of re-evaporation which is the 
¡ I ^ ^ ^ S f ic ^ ^ 'jE t l^ a ^ b ^ c o n s id e re d  alone.

•ilBUalOThatffis, re-evaporatiofeirf« the cylinder walls of an amount of heat 
corrcs[XrM'lt,tg>̂ tc^tffe**'fate n t heat of re-evaporation. This extra cooling 
of the cto»d£rwtii$Lincreases the amount of condensation during the first
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part of the stroke, and this is the loss. Since this loss is greater than the 
gain due to re-evaporation they ignorantly call re-evaporation a loss. A 
rather slipshod way of talking.

Expansion of W ater.—The table on page 20 gives the relative 
volume of water a t  different tem peratures compared w ith its 
volume a t 4 °C . according to  Kopp as corrected by Porter.

HIGH PRESSURE STEAM HEAT GOING FROM CYLINDER WALLS TO STEAM 
HIGH RRE5SURL STLA M -^  (LATENT HEAT OF RE-EVAPORATION)

RE-EVAPORATION 
lU  (CHANGE OF STATE)

M

'TEMPERATURE OF CYLINDER WALLS '

Figs. 26 io 28.—Steam engine analogy illustrating cooling by change of 
state. Let MS equal average temperature of cylinder walls. In operation, 
when steam is admitted to the cylinder and during a portion of the stroke, its 
temperature is higher than that of the cylinder walls. Assume L , fig. 27, to be 
piston position of equal temperatures. Evidently up to position L , con
densation will take place. As the piston advances beyond point L , the 
temperature of the steam will be lower than that of the cylinder walls. The 
excess heat of the cylinder walls will cause the condensate to boil, that is 
re-evaporation will take place, which will rob the cylinder walls of some of 
its heat.

Nature of W ater with Respect to Pump Design.-yThose who 
have had experience in the design off pumps, soon found out 
th a t  water is practically an unyielding substance when confined 
in  pipes and pump passages, thus necessitating very substantial
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Pounds Per Square Inch  to Feet (Head) of W ater
Based on w ate r a t it s  flrca tcst density

Pr
es

su
re

 
P

ou
nd

s 
Pe

r 
Sq

ua
re

 
In

ch

■3
3
X

gto

Pr
es

su
re

 
P

ou
nd

s 
Pe

r 
Sq

ua
re

 
lo

ch

1

to
Pr

es
su

re
 

P
o

u
n

d
s 

Pe
r 

Sq
ua

re
 

In
ch

Fe
et

 
H

ea
d

Pr
es

su
re

 
P

o
un

ds
 

Pe
r 

Sq
ua

re
 

In
ch

Fe
et

 
H

ea
d

Pr
es

su
re

 
P

o
un

ds
 

Pe
r 

Sq
ua

re
 

In
ch

T3
3

X

Kto

Pr
es

su
re

 
P

ou
n

d
s 

Pe
r 

Sq
ua

re
 

In
ch

Fe
et

 
H

ea
d

Pr
es

su
re

 
P

ou
nd

s 
Pe

r 
Sq

ua
re

 
In

ch

•o
3
X

2
to

1 2.31 53 122.43 105 242.55 157 362.67 209 482.79 261 602.91 365 843.15
2 4.62 54 124.74 106 244.86 158 364.98 210 485.10 262 605.22 370 854.70
3 6.93 55 127.05 107 247.17 159 367.29 211 487.41 263 607.53 375 866.25
4 9.23 56 129.36 108 249.48 160 369.60 212 489.72 264 609.84 380 877.80
5 11.55 '57 131.67 109 251.79 161 371.91 213 492.03 265 612.15 385 899.35
6 13.86 68 133.98 110 254.10 162 374.22 214 494.34 266 614.46 390 900.90
7 16.17 59 136.29 111 256.41 163 375.53 215 496.65 267 616.77 395 912.45
8 18.48 60 138.60 112 258.72 164 378.84 216 498.96 268 619.08 400 924.00
9 20.79 61 140.91 113 261.03 165 381.15 217 501.27 269 621.39 405 931.55

10 23.10 62 143.22 114 263.34 166 3S3.46 218 503.58 270 623.70 410 947.10
11 25.41 63 145.53 115 265.65 167 385.77 219 505.89 271 626.01 415 958.65
12 27.72 64 147.84 116 267.96 168 388.08 220 508.20 272 628.32 420 970.20
13 30.03 65 150.15 117 270.27 169 390.39 221 510.51 273 630.63 425 981.75
14 32.34 66 152.46 118 272.58 170 392.70 222 512.82 274 632.94 430 993.30
15 34.65 67 154.77 119 274.89 171 395.01 223 515.13 275 635.25 435 1004.85
16 36.96 68 157.0S 120 277.20 172 397.32 224 517.44 276 637.56 440 1016.40
17 39.27 69 159.39 121 279.51 173 399.63 225 519.75 277 639.87 445 1027.95
18 41.58 70 161.70 122 281.82 174 401.94 226 522.06 278 642.18 450 1039.50
19 43.89 71 164.01 123 284.13 175 404.25 227 524.37 279 644.49 455 1051.05
20 46.20 72 166.32 124 286.44 176 406.56 228 526.68 280 646.80 460 1062.60
21 4S.51 73 16$.63 125 288.75 177 408.87 229 528.99 281 649.11 465 1074.15
22 50.82 74 170.94 126 291.06 178 411.18 230 531.30 282 651.42 470 1085.70
23 53.13 75 173.25 127 293.37 179 413.49 231 533.61 283 653.73 475 1097.25
24 55.44 76 175.56 128 295.68 180 415.80 232 535.92 284 656.04 480 1108.80
25 57.75 77 177.87 129 297.99 181 418.11 233 538.23 285 658.35 485 1120.35
26 60.06 78 180.18 130 300.30 182 420.42 234 540.54 286 660.66 490 1131.90
27 62.37 79 1S2.49 131 302.61 183 422.73 235 542.85 287 662.97 495 1143.45
28 64.68 so 184.80 132 304.92 184 425.04 236 545.16 288 665.28 500 1155.00
29 66.99 81 187.11 133 307.23 185 427.35 237 547.47 289 667.59 525 1212.75
30 69.30 82 189.42 134 309.54 186 429.66 238 549.78 290 669.90 550 1270.5a
31 71.61 83 191.73 135 311.85 187 431.97 239 552.09 291 672.21 575 1328.25
32 73.92 84 194.04 136 314.16 188 434.28 240 554.40 292 674.52 600 1386.00-
33 76.23 85 196.35 137 316.47 189 436.59 241 556.71 293 676.83 625 1443.75
34 78.54 86 198.66 13S 318.78 190 438.90 242 559.02 294 679.14 650 1501 50
35 80.85 87 200.97 139 321.09 191 441.21 243 561.33 295 681.45 675 1559.25
36 83.16 SS 203.28 140 323.40 192 443.52 244 563.64 296 683.76 700 1617.00
37 85.47 89 205.59 141 325.71 193 445.83 245 565.95 297 6S6.07 725 1674.75
38 87.78 90 207.90 142 328.02 194 448.14 246 568.26 298 688.38 750 1732.50
39 90.09 91 210.21 143 330.33 195 450.45 247 570.57 299 690.69 775 1790.25
40 92.40 92 212.52 144 332.64 196 452.76 248 572.88 300 693.00 800 1848.00
41 94.71 93 214.83 145 334.95 197 455.07 249 575.19 305 704.55 825 1905.75
42 97.02 94 217.14 146 337.26 198 457.38 250 577.50 310 716.10 850 1963.50
43 99.33 95 219.45 147 339.57 199 459.69 251 579.81 315 727.65 875 2021.25
44 101.64 96 221.76 148 341.88 200 462.00 252 582.12 320 739.20 900 2079.00
45 103.95 97 224.07 149 344.19 201 464.31 253 584.43 325 750.75 925 2136.75
46 106.26 98 226.38 150 346.50 202 466.62 254 586.74 330 762.30 950 2194.50
47 108.57 99 228.69 151 348.81 203 468.93 255 589.05 335 773.85 975 2252.25
48 110.88 100 231.00 152 351.12 204 471.24 256 591 36 340 785.40 1000 2310.0.
49 113.19 101 233.31 153 353.43 205 473.55 257 593.67 345 796.95 1500 3465.
50 115.50 102 235.62 154 355.74 206 475.86 258 595.98 350 808.50 2000 4620.
51 117.81 103 237.93 155 35S.05 207 478.17 259 598.29 355 820.05 3000 6930.

52 120.12 104 240.24 156 360.36 20S 480.48 260 600.60 >'360 831.60
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construction to  w ithstand the pressure and especially the 
periodic shocks or water hammer. Accordingly in pump 
design a liberal factor of safety should be used.

Pressure of W ater a t Different Depths.—The pressure of 
water varies w ith the head and is equal to  .43302 lbs. per sq. 
in. for every foot of static  head. Thus a head of 2.31 ft. gives 
a pressure of 2.31 X .43302 = 1 lb. as per accompanying table.

Expansion of Water

Cent. Fahr. Volume. Cent.- Fahr. Volume. Cent. Fahr. Volume.

4» 39 1» 1.00000 35° 95° 1.00586 70° 158° 1.02241
5 41 1.00001 40 104 1.00767 75 167 1.02548

10 50 1.00025 45 113 1.00967 80 176 1.02872
15 59 1.00083 50 122 1.01186 85 185 I .03213
20 68 1.00171 55 131 1,01423 90 194 1.03570
25 77 1.00286 60 140 1.01678 95 203 1.03943
30 86 1.00425 65 149 1.01951 100 212 1.04332

Compressibility of W ater.—W ater is very slightly compress
ible. According to  K ent its compressibility is from .00004 to 
.000051 for one atmosphere, decreasing with increase of tem 
perature. For each foot of pressure, distilled water will be 
diminished in volume .0000015 to  .0000013. W ater is so in- j 
compressible th a t  even a t a depth of a mile a cubic foot of water 
will weigh only about lb. more th an  a t  the surface.
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C H A PT ER  2

Physics
By definition, physics is that branch o f  science which treats 

of the laws and properties of matter and the forces acting upon it.
Only such items will be here considered as are necessary for 

a proper understanding of the  chapters which follow. This 
may be regarded as an introduction to  Physics, additional basic 
principles being given in various parts of the book.

Pressure.—By definition, pressure is a force of the nature 
of a thrust, distributed over a surface. In  other words, it  is the 
kind of force which when applied to a body tends to compress it

For instance, fig. 1 shows a spring in its natural state. If a force be
applied to it in the direction of its axis, it will be compressed, as in fig, 2 .
The resistance offered by the spring constitutes an opposing force, equal
and opposite in direction to the force applied.

Ques. W hen a certain force (say 2 lbs.) is applied to  the 
spring, how much will the spring be compressed?

Ans. Since the  resistance of the spring increases w ith the 
degree of compression, it  will be compressed to  a point such 
that its resistance equals the pressure applied.

Ques. W hat is the condition of the system  shown in fig. 2?



22 Physics

A n s. I t  is said to  be in a sta te  of equilibrium.

Ques. W hat should be carefully noted about pressure? 

A n s . I t  is considered as being distributed over a  surface.

Ques. How is the pressure distributed over a surface usually 
stated?

A n s . I t  is stated in term s of the pressure distributed over a

APPLIEb

unit area of the surface, m ost usually as pounds per square inch 
(abbreviated as lbs. per sq. in .).

E xam ple .—A pump plunger has an area of 10 sq. in. W hat is the total 
pressure acting on the plunger when pumping against 125 lbs. per sq. in. 
as in fig. 3?

10 sq. ins. X 125 lbs. per sq. in. =  1250 lbs.

tha t is, 125 lbs. pressure acts on each square inch of the plunger and since 
its acting face has an area of 10 sq. ins. the total pressure is 1250 lbs.
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Ques. W hy is the ball peen of a m achinist’s ham m er made 
spherical? 

A ns. T o reduce the  area of surface upon which the  blow 
acts so as to  apply a terrific am ount of force to  a  very small 
area of surface. This is w hat the ball peen ham m er does.

125 125

Fig. 3 .—Pressure per square inch (sq. in.).

The ball peen hammer is generally used for peening* or riveting opera
tions.

Figs: 4 and 5 show theoretical and actual conditions. In fig, 4 if the 
flat and spherical surfaces were ideal or perfect/when brought into contactt 
the contact area would be zero. However, there are no actual perfec, 
surfaces. The most polished surfaces (as seen under the microscope) look

*NOTE.—B y  d e f in it io n ,  peening is the operation of hammering metal so as to 
indent or compress it in order to expand or stretch th a t portion of the metal adjacent 
to the indentation.
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Figs. 4 and 5.—Theoretical and actual 
surfaces.

PERFECT
SURFACES

CONTACT AREA  
SAY .01 SQ. IN.

Fig. 6.— Multiplication of pressure per sq. in. when applied through a spherical 
contact surface.

ACTUAL
SURFACES

IOO + .OI = 10000 lbs. p E R  SQ. ¡N.

MINUTE CONTACT AREA

contact area of flat and spherical
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something like emery paper. Accordingly, there would be a minute con
tact area as in fig. 5.
Exam ple.—If the ball peen of a machinist’s hammer be placed in contact 

with a flat surface (as in fig. 6) and 100 lbs. weight be placed on the hammer 
(neglecting weight of hammer) what pressure will be exerted a t the point cf 
contact if the contact area be say .01 sq. in.?

\ 5 LBS. EACH OR

TOTAL 80 LBS.

ONE S
Figs. 7 and 8.— Diagram illustrating pressure per sq. in.

If the contact area were 1 sq. in. then there would be a pressure of 100 
lbs. for the sq. in. on the flat surface. Now, if the 100 lb. weight or 
pressure act on only .01 sq. in. as in the figure, there would be a pressure of

100 -7- —  = 100 X =  10,000 lbs. per sq. in.
100 1

Another example, will perhaps make the m atter plainer:
In fig. 7 suppose a surface ABCD measure one sq. in. Divide this into 

16 little squares and put a 5 lb. weight on each little square. Now the 
area of each little square is Ke or -0625 sq. in. Pile up all the 5 lb. weights 
on one little square as in fig. 8 . Then the weight or pressure acting on this 
little square is

5 X 16 = 80 lbs.
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In fig. 7 the 16 weights are distributed oyer one sq. in. corresponding; 
to 80 lbs. per sq. in. In fig. 8 , the 16 weights or 80 lbs. are distributed J 
over only ff6 sq. in. corresponding to

80X 16 =  1,280 lbs. per sq. in.

That is, if in fig. 8 a pile of 16 weights be placed on each little square the[ 
total weight or pressure acting on the big square (ABCD) would be 1280 lbs. |

Ques. If each of several square inches of surfaces be acted; 
upon by an equal pressure w hat is it called?

A n s. If the given pressure be-say 100 lbs. it is called 1001 
lbs. per sq. in.

Gauge and Atmospheric P ressure.—Usually unless otherwise! 
qualified, the term  pressure means pressure per square inch, j

There are various qualifications of pressure viz.: initial pressure; mean j 
effective pressure; terminal pressure; back pressure, total pressure, etc.

Ques. W hat is the difference between gauge and absolute j 
pressure?

A ns. Gauge pressure is pressure above that of atmospheric I 
pressure, and absolute pressure is pressure measured above ; 
a perfect vacuum.

Ques. W hat is a perfect vacuum?

A ns. A space devoid of m atter and one in which the pressure 
is zero.

Ques. W hat is the pressure of the atmosphere?

A ns. The “standard atm osphere” is 14.696 lbs. per sq. in. 
a t sea level ordinarily taken  as 14.7 lbs. per sq. in.
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Thus, in fig..9, if an air-tight and frictionless piston having an area of 
1 sq. in. be connected to a weight by a string running over a pulley, as 
shown, it will require a weight weighing 14.696 lbs. to draw the weight 
upward from the bottom of the cylinder against the pressure of the 
atmosphere, which is 14.696 lbs. distributed over the top face of the piston 
whose area is one sq. in. Strictly speaking, the system is in a “state of 
equilibrium,” the weight exactly balancing the resistance or weight of the 
atmosphere. A little excess pressure would be required for any movement 
of the piston, but it would remain where placed.

Ques. W hy do we not feel the pressure of the atmosphere? 

A ns. Because air presses the body both externally and 
internally so th a t the pressures in different directions balance.
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Ques. How does atmospheric pressure vary with the ele
vation?

A n s. I t  decreases approximately }A, lb. for every 1,000 ft. 
of ascent.

Ques. W hat effect has this decrease in atmospheric pressure 
on gas engine operation?

.4ns. In  ascending a m ountain the engine gradually loses

Z E R O
Figs. 10 and 11.— Absolute and gauge pressures.

Ques. Why?

4  n s. The air expands and the engine cannot take in as much 
(weight) of air a t high elevation as a t sea level.

Moreover, the mixture becomes too rich, which results in poor com- 
' bustion. Hence, as stated by the author in his book on automobiles, the 

need of super-chargers on all automobiles, especially for mountain climb
ing, and moreover on account of the inherent defect of the gas engine in 
not being able to take in a full charge.

Ques. Does the pressure of the atmosphere rem ain constant 
in any one place?
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A ns. No. I t  continually varies depending upon the con
ditions of the weather.

Fig. 10 shows a cylinder and piston with a perfect vacuum below the 
piston registered by the gauge A, as 29.921 ins. of mercury (later explained). 
The equivalent of this in absolute pressure is zero lbs. per sq. in. as registered 
by gauge B. Now remove the piston as in fig. 11, and air will rush into the 
cylinder. T hat is, the vacuum will be replaced by air atmospheric pressure. 
Under this condition the vacuum gauge A, will drop to zero and the absolute 
pressure gauge will register 14.696 lbs.

Ques. W hat is “gauge pressure?”

Ans-. This is the effective pressure for doing work against 
the pressure of the atmosphere as measured by the ordinary 
pressure gauge, as by gauge C , fig. 11.

Ques. How is absolute pressure expressed as gauge pressure? 

Ans. By subtracting 14.696 lbs.

In figs. 10 and 11 comparing gauges B and C, it will be noted that gauge 
C gives the reading of gauge B minus 14.696 lbs.

Barometer.—By definition, a barom eter is an instrum ent 
for measuring the pressure of the atmosphere.

Ques. How is it  measured?

Ans. In  term s of “inches of m ercury.”

Ques. Explain th,e construction of the barom eter.

A ns. A glass tube 33 or 34 ins. long is sealed a t one end, 
.filled with pure mercury and inverted in an open cup of mercury 
as shown in fig. 12.

Ques. How does it work?
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A n s. The mercury will fall in the tube until its height 
above the mercury in the cup is about 30 ins. as in fig. 12.

BOILING INCHES 
POINT OF

DE6.FAHR. MERCURY

31
2  I 2  29.921 -

2 0 9 .5 5  2 8 5 0  -

2 0 5 .87  26.47  -

20 1 .9 6  24.43 -

197.75 22.40

193.2  2  20 . 3 6 -

188.27

182.86

176.85

18.32 -  

16.29 -  

14.25 -

170.06 I Z2Z  -  

16228  10. 18-

15301

141.52

ABSOLUTE 
PRESSURE 

LBS. PER5Q.IN.

101.83

Figs. 12 and 13.—Principle of the barometer and barometer 
boiling points, inches of mercury and absolute pressure per sq. in.

of

I26 .I5
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Ques. W hy does it rem ain suspended a t this height?

Arts. Because the weight of a column of m ercury 30 ins. high 
is the same as the weight of a like column of air about 50 
miles high.

Ques. Does the pressure of the atmosphere rem ain constant 
in any one place?

Ans. No. I t  continually varies, depending upon the 
conditions of the weather.

Ques. Is the pressure of the atmosphere the same in different 
places?

A ns. I t  varies with the elevation as previously explained.

Ques. How are pressures below th a t of the atmosphere 
usually expressed?

Ans. As pounds per square inch absolute in m aking calcu
lations, or the equivalent in inches of m ercury in practice.

Thus in the engine room, the expression “24 in. vacuum” would signify 
an absolute pressure in the condenser of .946 lbs. per sq. in. absolute, that 
is the mercury in a mercury column connected to a condenser having a 
28 in. vacuum would rise to a height of 28 ins. representing the difference 
between the pressure of the atmosphere and the pressure in the condenser, or

14.75 -  .946 =  13.804 lbs.

Ques. How is the pressure in pounds per square inch ob
tained from the barom eter reading?

Ans. M ultiply the barom eter reading by .49116. .49116
is the pressure per square inch corresponding to  a column of 
mercury 1 in. high having a cross section of 1 sq. in.
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E xam ple .—W hat is the absolute pressure corresponding to a 20 in 
barometer reading?

.49116 X 20 =  9.82 lbs.

The following table gives the pressure of the atmosphere 
in pounds per square inch for various readings of the barometer.

Pressure of the atmosphere per square Inch for various readings of
the barometer:

Rule.— Barometer in inches of mereKryXAOllO^lir. per s%. in.

Barometer 
(ins. of mercury)

Pressure 
per sq. ins., lbs.

Barometer 
(ins. of mercury)

Pressure 
per sq. ins., ltw.

28.00 13.75 29.921 14.696
28.25 13.88 30.00 14.74
28.50 14.00 30.25 14.86
28.75 14.12 30.50 14.98
29.00 14.24 30.75 15.10
29.25 14.37 31.00 15.23
29.50 14.49
29.75 14.01

The above table is based on the standard atmosphere, which by defin
ition = 29.921 ins. of mercury = 14.696 lbs. per sq. in., th a t is f  in. of 
mercury = 14.090-r29.921 = .49116 lbs. p ersq . in.

M atter.—By definition m atter is any substance or material 
th a t can be weighed or measured. 

Ques. In  what three forms does m atter exist? 

A n s. As a solid, liquid or gas. 

Ques. W hat is the difference between m atter and a  body? 

A ns. A body is a definite quantity  of m atter. 

Ques. How is the quantity  of m atter in a body determined?
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,4ns. By weighing on a lever or platform  scale or on a 
spring scale.

Ques. Which scale gives a true reading in all locations? 

Ans. The lever or platform  scale.

Figs. 14 and 15.—Variations in reading of a spring scale for latitude and 
elevation. Since the value of g (attraction due to gravity increases with 
latitude and decreases with the elevation) evidently there will be more or less 
variation of a spring scale reading for different localities.

Ques. W hy does the reading of a spring scale vary?

Ans. Since weight depends upon gravity and since gravity 
varies with latitude and elevation the reading of a spring scale 
will vary as in figs. 14 and 15.
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Gravity.—By definition, gravity is a force that attracts bodies, 
at or near the surface of the earth toward the center of the earth.

Ques. W hat effect has gravity upon a body free to  fall?

h n s .  Starting from a state  of rest it acquires during the 
first second a velocity of 32.16 ft. per second per second;

Figs. 16 and 17.—Comparison of early and late automobiles with respect to 
height of center of gravity.

a t the end of the second second a velocity of 32.16 -f- 32.16 = 
64.32 ft. per second and so on.

Ques. W hat is the symbol for 32.16? 

ylns. g.

Center of Gravity.—B y definition the center of gravity 
is that point of a body about which all its parts are balanced, or
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W ATER  THROWN OFF 
BLADES BY

which being supported, the whole will remain at rest, though 
acted upon by gravity.

High and low center of g rav ity 'is  very forcibly illustrated 
in early and late construction of automobiles, figs. 16 and 17.

Centrifugal Force.—By definition, centrifugal force is, that
force which acts upon a body 
moving in a circular path tending

W ATER INLET

Fig. 18.—Operation of centrif
ugal pump illustrating cen
trifugal force.

to force it farther from the axis or center of the circle described 
by its path.

The m ost familiar example of centrifugal force is the cen
trifugal pum p as shown in fig. 18.

If the centrifugal force be just sufficient to  balance the a t
traction of the mass around which it revolves, the  moving body 
will continue in a  uniform path .

Centripetal Force.-—By definition, that force which draws or 
impels a body toward some point as a center.
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The centripetal force is that force which resists the centrifugal 
force and when these opposing forces are equal, the moving body 
will revolve in a circular path as shown in fig. 19, th a t is the 
system is in a state  of equilibrium.

Ques. W hat is a stale of equilibrium?

A n s . The resultant reaction upon a body of two or more 
forces so proportioned and directed th a t there is no tendency 
to  move fhe body acted upon.

Thus if a body O, as in fig. 20, be acted upon by two equal opposed forces 
OA and OC, and two equal opposed forces OB and OD, these various forces 
will balance each other and the resultant reaction upon the body O , is zero, 
tha t is, the body will remain in a state of rest.

Forces, Their Composition and Resolution.—A force is 
completely defined when its direction, m agnitude and point
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of application are defined. I t  is possible to  represent all 
these requirem ents by a  line so th a t its direction length and 
location corresponds to  any given conditions.

Thus, in fig. 21, to represent a force of 4,000 lbs. select any convenient 
scale, as 1 in. =  1,000 lbs. Draw the line AB 4 ins. long, in the direc
tion 'and a t the point where the force acts. Then AB will completely 
represent the force and its application. Note the arrow head is placed 
at the point where the force acts.

B

B O D Y  A C T E D  U P O N

!/)
CD

in

/  4  I RS
A

4  LB S

NO T E N D E N C Y  TO M O V E

S T A T E  OF 
E Q U IL IB R IU M

4000 POUNDS

A B
2 3 4  ( in c h e s )

SCALE'- 1 IN = 1000 LBS.
Fig. 21.—Representation of a force, its intervals and direction by a line. The 

arrow head denotes the point of application of the force and direction.
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Two Opposed F o rc es—In fig. 22 let OA and OB be the two 
forces acting in opposed directions on the  point O. Suppose 
force OA =  4,000 lbs. and OB 2,000 lbs. then  these two 
opposed forces could be replaced by a single force equal to

4,000

B

2,000 =  2,000 lbs.

• b !-------

 1 -̂----1

RESULTANT
Fig. 22.— Finding the resultant of two opposing forces.

represented by OC. Thi9 is the resultant of forces OA and OB. 
The dotted  line is graphic showing subtraction of the smaller 
force.

Two Forces at Any Angle.—In  fig. 23 the two forces are 
shown a t any given angle as OA, 4,000 lbs. and OB, 2,000 
lbs. Here both forces act a t  the common point O a t  an angle 
to  each other equal to  the given angle O.
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Ques. W hat m ust be done to  find the resultant of these 
forces?

A ns. Construct a parallelogram with the two given forces 
as adjacent sides.

Parallelogram of Force.—Let the two forces OA and OB in 
fig. 24 be the same as in fig. 23. Now draw the  dotted  line BC, 
parallel w ith OA and AC with OB. Draw the diagonal 
connecting points O and C. This diagonal represents the  
resultant force which acting in direction and intensity (as

B

measured by its length) a t Oi will be equivalent to  the two 
forces OA and OB.

Components of a Force.—This is the reverse of finding the 
resultant of two forces. By definition, a  component is one 
of the forces out of which the whole may be compounded by the 
principle of the parallelogram of force.

As a familiar example, consider the reaction due to  the th rust 
of a connecting rod on the  crank pin as in fig. 25. This th rust 
is split up into two component forces.



40 Physics

M otion.—The author has explained so m any times “what 
is m otion” th a t  it seems unnecessary to  go into this again, 
However: One definition of m otion is a change of position in 
relation to some assumed fixed point. However, the old definition 
best describes it  viz.:

One force acts in the direction of a tangent to  the circle 
described by the crank pin which causes the crank to  turn, 
and the other acts in the direction of the axis of the crank arm, 
which causes the shaft to  press against its bearing.

In  construction , from O project to C in length equal to the thrust 
of the connecting rod. Complete the parallelogram of forces, thus obtain
ing the points B and A, their lengths OB and OA representing the com
ponents in direction and intensity.

DELIVERS TURNING EFFECT

COMPONENTS
T ANG ENT IAL

AXIAL

DELIVERS PRESSURE 
ON BEARING; USELESS

Fig. 25 .— Method of finding the components of a force.
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M o tio n  is p u re ly  a r e la t iv e  m a t te r .

Ques. W hy is motion a relative m atter?

A ns. Because something m ust be regarded as being station
ary in order th a t  there be motion.

Thus in fig. 26 a man is rowing a bateau a t a speed of 4 miles per hour 
against a current flowing'2 miles per hour in the opposite direction. Unless

something be regarded as stationary, these statements would mean nothing. 
Thus in fig. 26

Again in fig. 27 shows the familiar example of a ferryboat 
crossing a river and pointed up steam  to  counteract the motion 
of the water. OA is the apparent m otion of boat (both distance 
and direction) bu t regarding the earth  as stationary  OB, gives 
the actual direction in which the boat is moving.

If the water be regarded as stationary the boat would be actually moving 
in the direction OA.

S ta tio n a ry
Earth
Water

A ctu a l speed o f  boat 
2 miles per hour
^ « U «
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I MINUTE

1000 REVOLUTIONS

Fig. 27.—Apparent and actual motion.

L I N E A R  M O T I O N
I. M INUTE 

- 2 M ILE -

1000 REVOLUTIONS

R E V O L U T I O N S  O F

R O T A R Y  M O T I O N
Fig. 28.— Li near and rotary motion.

Que's. Name two kinds of velocity.

A n s. Linear and rotary.
Thus a train is running at a rate of 30 miles per hour (abbreviated m.p.h.) 

and a line shaft is rotating at a rate of 125 revolutions per minute (abbre
viation r.p.m .).

To illustrate further, a speed boat is shown in fig. 28 making 30 m.p.h. 
or Vi mile per miunte. This is linear motion. To drive the boat at 
this rate of speed the propeller must turn a t a rate of 1,000 r.p.m. This is 
rotary motion.
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Ques. W hat is tangential motion? 

A ns. The equivalent of ro tary  motion regarded as moving 
in a straight or tangential direction.

Tangential motion or speed is used especially in belting calculation. 
Thus in fig. 29, a pulley one foot in diameter has a circumference of 3.1416 ft. 
Accordingly for each revolution of the pulley the belt will travel a distance 
AB, or 3.1416 ft.

Exam ple .—A 4-ft. pulley is rotating a t 100 r.p.m. What is the tangential 
speed of the belt?

Tangential speed =  circumference X r.p.m.
= 4 X 3.1416. X 100 
=  12.566 X 100 =  1,256.6 ft. per minute.

Ques. W hat is the difference between oscillating and 
reciprocating motion? 

Ans. By definition oscillating motion is vibrating m otion
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in the path  of an arc of a circle. Reciprocating motion is 
vibrating motion in the pa th  of a straight line.

The motion of a clock pendulum is a familiar example of oscillating 
motion. The movement of an engine cross head illustrates reciprocating 
motion.

Further illustrated by fig. 30 showing an oscillating or “nigger” engine 
employed sometimes on shipboard as a capstan engine.

Note the to and fro path of any point as A, lies in the arc of a circle 
whose center is the center of the pivot about which the cylinder oscillates.

O SC ILLAT ING  RECIPROCATING
"NIGGER" ENGINE ENGINE

Figs. 30 and 31.—Graphic definitions of oscillating and reciprocating motions.

Note in fig. 31, the cylinder is stationary and the movement of a point 
as B, on the cross head moves up and down or reciprocates in a straight 
line path.

Ques. W hat is the difference between constant and variable 
motion? 

A ns. Constant motion is the movement of point through
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VARY ING  M O T I O N
Fig. 32 .—Constant and varying motions.

is constant as it rotates to B. That is, it passes through equal arcs in equal 
intervals of time. Perpendiculars let fall a t the end of each arc (as 1, 2, 3, 
etc.) give points 1' 2', 3', etc., which represent the corresponding positions 
of the piston. Evidently the spaces traversed (A l', 1', 2', etc.) are unequal 
and the motion is varying.*

*NOTE.—This diagram represents the true relation where there is no distortion 
as with a Scotch yoke connection, bu t in the case of a connecting rod there is dis
tortion due to the “angularity of the connecting rod.” For explanation of this see 
Audets Engineers and Mechanics Guide Volume 1, pages 154 to 156.

equal spaces in equal intervals of lime. Varying motion is the 
movement of a point through unequal spaces in equal intervals 
of time.

A familiar illustration of this is seen in the movements of the crank pin 
and piston of an engine as shown by the diagram fig. 32. If A, be the 
position of the crank pin a t the beginning of the stroke, its rate of motion
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Velocity.—By definition, velocity is the speed at which a body 
moves, that is the rate of motion of a body at any instant.

Ques. How is velocity measured?

4 n s .  Usually as feet per minute or miles per hour.

Ques. How m any feet in a mile?

4 n s .  5,280.

Ques. Nam e two kinds of mile.

4 n s .  The statute or land mile and the nautical mile or knot. |
• - 

The land mile is 5,280 ft. and the nautical mile 6,080.28 ft.

Ques. W hat is the correct usage of the word knot.

4 n s .  I t  is a speed or velocity rather than  a distance, each 
division of the log line serving to  measure the rate  of a ship’s { 
motion.*

Acceleration.—By definition, the rate  of increase of velocity 
or the average increase of velocity in a unit of time. j

Newton’s Laws of M otion.—These laws were announced by 
Newton the note’d physicist. They are as follows:

1st L aw .—
I f  a body be at rest, it will remain at rest, or i f  in  motion it will I 

move uniformly in a straight line until acted upon by some force.

♦NOTE.—Each knot on the line bears the same proportion to the mile that 30 
seconds do to an hour. The number of knots which run off from the reel in half a ■ 
minute therefore shows the number of nautical miles the vessel sails in an hour.
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2nd L aw .—
I f  a body be acted on by several forces, it will obey each as 

though the others did not exist, and this whether the body be at 
rest or in motion.

3rd L aw .—
I f  a force act to change the state of a body with respect to rest 

or motion, the body will offer a resistance equal and directly 
opposed to the force; or to every action there is opposed an equal 
and opposite reaction.

M omentum.—By definition, the power of a body of overcoming 
resistance by virtue of its motion. In  other words the quantity 
of motion in a moving body.

Ques. How is momentum  measured?

A ns. I t  is equal to  the quan tity  of m atter m ultiplied by  its 
velocity.

Numerically it is equal to the force in pounds steadily applied that will 
stop a moving body in one second.

Hence m om entum  is equal to  the mass multiplied by the 
velocity in feet per second or

M omentum  = -— ff— x  velocity in feet per second 
32.16

=  wv
in which £
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IN MOTION

Figs. 33 and 34.—Starting and stopping of train, illustrating inertia. This 
property may be called static inertia with respect to a body at rest (fig. 33) 
and dynamic inertia with respect to a body in motion (fig. 34).

W =  weight in lbs.
V = velocity in feet per second 
g = a ttrac tion  due to  gravity.

Inertia.—By definition, that properly of a body which causes 
it to remain in its stale of rest or of uniform motion unless it be 
acted upon by some force compelling it to change that stale. This 
gives rise to  two states of inertia:

1. Static inertia.
2. Dynamic inertia

DYNAMIC INERTIA
(MOMENTUM)

»  > -

COMPRESSION

RETARDING FORCE 
BRAKE ON

STATIC INERTIA 
- < -------------e*3*
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Heat.—By definition heat is a form of energy known by its 
effects.

There are two kinds of heat—
1. Sensible
2. Latent

SENSIBLE  HEAT

INDICATED BY 
"SENSE*OF FEELING

RADIATOR

Fig. 35. — Familiar radiator example of sensible heat.

Sensible Heat.-—By definition that form of heat whose effect 
is indicated by the sense of feeling as for instance in fig. 35.

Ques. How is sensible heat measured?
A ns. By a therm om eter.

Ques. W hat is a thermometer?
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A n s . An instrum ent consisting of a glass tube terminating 
in a bulb, which is charged with a liquid, usually mercury 
or colored alcohol.

THERMOMETER SCALES

FAHRENHEIT
MERCURY FILLED BULBS

CENTIGRADE REAUMUR

Figs. 36 fo 38.—Fahrenheit, Centrigrade and Reaumur thermometer scales.
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Ques. How does it work?

A n s. The liquid contracts or expands with changes of 
tem perature, falling or rising in the tube against which is placed 
a  graduated scale.'

Figs. 36 to 38 show the thermometer scales used in different countries. 

Ques. How are very high tem peratures measured?

I N T E R N A L  
LA TE N T  HEAT
THE BUSINESS OF W A IT IN G  

FOR TH E COFFEE POT TO BOIL

E X T E R N A L  
LAT EN T  HEAT

W H EN  THE POT BOILS

Figs. 40 and 41.—Domestic illustrations of internal and external latent
heats. The author does not agree with the generally accepted calculation 
for the external, latent heat or external work of vaporization in the formation 
of steam and considers it wrong in principle. See Audels Engineers and 
Mechanics Guide, Vol. 1, page 31, also Vo l. 5, page 1795, by the author.

A n s . By a pyrometer.

A diagram illustrating principles of one tvpe of pyrometer is shown in 
fig. 39.

Latent H eat.—By definition, laten t heat is that quantity oj
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heat which becomes concealed or disappears in a body while 
producing some change in it other than a rise of temperature.

When water a t  atmospheric pressure has been heated to  
212° Fahr. no further rise in tem perature takes place, although 
the supply of heat be continued. Instead vaporization takes 
place and considerable heat m ust be added to  the liquid to  
transform it into steam , this to tal heat being made up of the 
internal and external laten t heats*.

Thus in the case of water a t 212° Fahr. and atmospheric pressures con
siderable heat must be added to sta rt the water boiling (this is the internal 
latent heat) and additional heat must be added to boil it, the latter being the 
external latent heat.

A familiar but not very dignified example of these heats is shown in 
figs. 40 and 41 without accompanying remarks.

The Unit of H eat.—This is based upon the am ount of heat 
necessary to  raise the tem perature of one pound of • water 
one degree. Various units have been given in the past, bu t 
the present generally accepted heat unit, called the  British 
thermal unit (B .t.u .) is defined as 1/180 of the heat required 
to raise the temperature of water from  32° Fahr. to 212° Fahr.%

The old definition of the heat-unit (Rankine), viz., the quantity of heat 
required to raise the temperature of 1 lb. of water 1° Fahr., a t or near its 
temperature of maximum density (39.1° Fahr.) was the standard till 1909.

By Peabody’s definition, the heat required to raise 1 lb. of water from 
32° Fahr. to 212° Fahr. is 180.3 instead of 180 units, and the latent heat at 
212° Fahr. is 969.7 instead of 970.4.

Exam ple.—How many heat units [B.t.u.) are required to raise the 
temperature of 25 lbs. of water from 60° Fahr. to  212° Fahr.

temperature rise 212 — 60 = 152° Fahr.
152° Fahr. X 25 lbs. -  3,800 B.t.u.

*NOTE.—For a full explanation of the phenomena involved see Audels Engineers 
and Mechanics Guide No. 5. Chapter 55 “From Ice to Steam” by the author.

5NOTE.—It should be noted tha t this is the definition adopted in this work 
and other books by the author corresponding to the unit used in the Marks and 
Davis Steam Tables, which is now the recognized standard.
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Specific I le a t.—By definition -specific heat is the capacity 
of any substance for receiving heat as compared, with another 
which is taken as a standard.

Ques. W hat is the standard?

A n s . W ater usually from 62° to  63° Fahr.

E xam ple .—The same quantity of heat tha t will raise 1 lb. of water 
1° Fahr. will raise about 8.4 lbs. of cast iron 1° Fahr. Accordingly the 
specific heat of water being taken as 1, that of cast iron would be only

That is, it is the ratio between the two heats. The specific heat of a few 
substances are as follows:

1 -i- 8.4 =  .1189

Specific H eat of Various Substances  

Solids
Copper..._ —  
Wrought iron
Glass..............
Cast iron.. . .

.0951

.1138

.1937

.1298

.0314

.0562

.1165
1175

.0939

.504

Lead. 
T in . .

Brass 
Ice . ..

Liquids
W ater 1 .
Sulphuric Acid
Mercury..........
Alcohol (nnn) 
Benzine . . . .  
Ether...............

.335

.0333
*7
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Gases
Constant Constant 
pressure volume

Air  ..................................................23751 .16847
Oxygen  .......................................21751 .15507
Hydrogen.......................................  3.409 2.41226
Nitrogen.. . . .; ......................................... 2438 .17273
Ammonia........................................  .508 .299
Alcohol. . . . ................................................4534 .399

Transfer of H eat.—There are three ways in which heat 
may be transferred from one body to  another a t  lower tem 
perature, as by:

1. Radiation
2. Conduction
3. Convection.

Radiation, Conduction and Convection.—W hen heat is 
transmitted by  radiation the hot body, as burning fuel for 
instance, sets up waves in the ether. In  a boiler furnace, heat 
is given off by radiation in which rays radiate in straight lines 
in all directions being transferred to  the crown sheet and sides 
of the furnace by radiation.

Ques. W hat is conduction?

A ns. The transference of heat from the hotter to  the colder 
parts of a body.

Ques. Upon w hat does conduction depend?

* N O T E .— S p e c i f i c  h e a t  o f  g a s e s .  E x p e r im e n ts  b y  M a l la rd  a n d  L e  C h a te l ie r  in d ic a te  
a  c o n tin u o u s  in c re a se  in  t h e  sp e c if ic  h e a t  a t  c o n s ta n t  v o lu m e  o f  s te a m ,  c a rb o n  d io x id e ,  a n d  
e v e n  th e  p e r f e c t  g a s e s ,  w i th  r is e  o f t e m p e r a tu r e .  T h e  v a r i a t i o n  is  in a p p r e c ia b le  a t  2 1 2 °  F  
o u t  in c re a se s  r a p id ly  a t  t h e  h ig h  te m p e r a tu r e s  o f  t h e  g a s  e n g in e  c y lin d e r .
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A ns. Upon the fact of inequality in tem perature in the 
several portions of a body.

The transference of heat through solids, as through boiler plates, is due 
to conduction contrary.to popular opinion. The temperature of a boiler 
furnace plate is only a few degrees hotter than the water in contact with the 
plate. This is due to the extremely rapid conductivity of the plate.

■ Ques. How is heat transferred by convection?

Fig. 42.— Elementary diagram illustrating transfer of heat by radiation, con
duction and convection. It should be noted that air is the cooling agent 
and not the water as the water is only the medium for transferring the heat 
to the point where it is extracted and dissipated by the air. Accordingly, the 
term water cooled engine is a misnomer, but nothing can be done about if.

,4ns. By the m otion of the heated m atter itself. 

Ques. In  w hat classes of substances can heat be trans
m itted by convection?

A n s . In liquids and gases.
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High Tem perature Judged by Color.—The tem perature of a  
body can be approximately judged by the experienced eye 
unaided. M . Poillet constructed a table which has been 
generally accepted giving colors and corresponding tem per
atures as follows:

Deg. Deg. 
C P

Incipient red h e a t ..
Dull red h e a t ...........
Incipient cherry red

heat........................
Cherry red h e a t___
Clear cherry red heat

WIRES
TW ISTED

Deg; Deg. 
C P

525
700

800
900

1,000

977
1,292

1,472
1,652
1,832

Deep orange heat.. 
Clear orange heat..
White h e a t ............
Bright white heat,.

Dazzling white heat-

1,100
1,200
1,300
1,400
1,500

to
.1,600

2,021
2,192
2,372
2,552
2,732

to
2,912

MATCHES

COPPER 

IRON 

GERMAN SILVER

BUNSEN
BURNER

HEAT TRANSFER DISTANCES
¡̂9. 43.—Experiment illustrating heat conductivity of various metals.



\

58 Physics

The following table gives tem per colors of steels and heats 
corresponding according to  the  Halcolm Steel Co.

Tem peratures
Colors F ah ren h eit

Very pale yellow.........................................................................  430
Light yellow................................................................................  440
Pale straw-yellow ..................................................................  450
Straw-yellow................................................................................ 460
Deep straw-yellow...................................................................... 470
Dark yellow................................................................................. 480
Yellow-brown  ................................................................ 490
Brown-yellow..............................................................................  500
Spotted red-brown.....................................................................  510
Brown-purple..............................................................................  520
Light purple........................................................................    530
Full purple...................................................................................  540
Dark purple.................................................................................  550
Full blue....................................................................................... 560
Dark blue.....................................................................................  570
Very dark blue............................................................................  600

Melting Points of Solids.—The tem peratures a t which a 
solid substance changes into a liquid is called the melting 
point.

Melting Points of Commercial Metals
Degrees Fahr.

Aluminum.............................................................................1,200
Antimony .................................................................... 1,150
Bismuth................................................................................ 500
Brass......................................................................................1,700-1,850
Copper...................................................................................1,940
Cadmium  ............... - .................................   610
Iron, cast  ................................................................ 2,300
Iron, wrought.......................................................................2,900
Lead...........................................   620
Mercury..................... •......................................    139
Steel...................................................................   2,500
T in .........................................................................................  446
Zinc, cast..............................................................................  785
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Work and Power.—By definition, work is the overcoming 
of resistance through a certain distance by the expenditure of 
energy.

Most people excluding engineers, don’t  know the difference 
between the  term s work and power. W ithout knowing the 
exact meaning of these two words, it would be ridiculous for 
such people to  ta lk  about horse power.

Ques. W hat is power?

Ans. The RATE at which work is done, that is, work divided 
by the time in which it is done.

To fix in mind the difference between work and power study figs. 42 and 
43 carefully, then study them again.

Ques. How is work measured?

Ans. By a standard unit called a foot pound.

POUND

Figs. 44 and  4S.—One foot pound.

'V  ONE 
FOOT POUND
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100 LBS.
330 FT. PER

ON PISTON 
PISTON SPEED

Figs. 46 and 47.—The difference between work and power.

Horse Power.—The unit of power is one horse power, 
which is defined as

33,000 foot pounds per minute.

Ques. W hat is a foot pound?

A n s. The am ount of work done in raising one pound one foot, 
or in overcoming a pressure of one pound through a distance 
of one foot as shown in figs. 44 and 45.

p o „ e r = g *

WORK

POWER
(ONE HORSE POWER)
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T hat is, one horse power* is required to raise a weight of

33,000 pounds 1 foot in one minute 
3,300 pounds 10 feet in one minute 

33 pounds 1,000 feet in one minute 
3.3 pounds 10,000 feet in one minute 

1 pound 33,000 feet in one m inute 
etc.

*The term  “horse power” is due to  James W att, who figured 
it to  represent the power of a strong London draught horse 
to  do work during a short interval, and used it as a  power 
rating for his engines.

Q ues. W hat formula for calculating the horse power of 
engines is generally used?

,4ns. The old “PLA N ” formula which is out of date, an ti
quated and should be discontinued. I t  is

2 PLAN 
' ‘ ■ 33,000

in which
P =  mean effective pressure in lbs. per sq. ins.;
L =  length of stroke in feel;
A = area of piston in sq. ins. =  .7854 X diameter of piston squared;
N = number of revolutions per minute;
D = diameter of piston.

Ques. W hat is the m atter w ith this formula?

A n s . I t  involves a. ridiculous waste of time in making the 
calculation.
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Ans. I t  involves a considerable waste of time -in making the 
calculation.

Since the stroke of an engine is usually given in inches instead of feet, 
and the revolutions per minute instead of the piston speed, the formula 
just given evidently involves extra calculations for these items as well as 
the extra multiplication and division introduced because of the constants. 
Its use therefore is about as laborious, as multiplying and dividing fractions 
without reducing them to their lowest terms.

The author strongly recommends tha t the formula just given be not used 
in the form given but reduced to  its lowest terms as follows:

w 2 P .L A N  2X P X  j|x .7 8 5 4 X D * x N  .1309XPLD*N
33,000 =  33,000 =  337)00

= .00000396 7 P L D ’N

Using the constant .000004 instead of .000003966 which is 
near enough for ordinary calculations, and changing the order 
of the factors, th? formula becomes

H. P.=.000004 D2L N P . . . (2)

Kinds of Horse Power.—According to  definitions and the 
manner in which it is determined, horse power m ay be classed as:

1. Nominal 5. Hydraulic

2. Indicated 6. Boiler

3. Brake 7. Electrical

4. Effective

Graphical definitions of these various horse powers are given 
in figs. 48 to  54.
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The M echanical Pow ers.—This term  for a long tim e hai 
been in popular use for certain basic mechanical contrivance 
th a t enter into the composition or formation of all machines 
A better term  fundamental machines because these mechanica 
contrivances are regarded more in a static sense than  dynamic 
th a t is, the consideration of opposing forces ip equilibria

F i g . 5 5 .— F r o z e n  r a d i a t o r  o p e r a t i o n  i l l u s t r a t i n g  t h e  three s t a t e s .  W a te r  f re e z e s  a t  3 2 ’  Fahi 
A s  t h e  i c e  f o rm s  in  t h e  r a d i a t o r  a  change o f state t a k e s  p la c e ;  t h e  i c e  s to p s  c i r c u la t io n  an 
tk u s  c u t s  o u t  p a r t  o f  t h e  c o o lin g  s u r f a c e ,  h e n c e  w h e n  t h e  c a r  is  s t a r t e d  t h e r e  is  n o t  enoug 
c o o lin g  s u r f a c e  t o  c a r r y  o f f  t h e  h e a t  a n d  t h e  r a d i a t o r  b e g in s  t o  s t e a m .  T h i s  r e s u l ts  in 
c h a n g e  o f  s t a t e — w a t e r  t o  s t e a m .  M o r e o v e r  d u e  t o  e x p a n s io n  o f  t h e  w a t e r  a s  i t  freeze! 
s o m e  o f  t h e  t u b e s  b u r s t ,  r e s u l t i n g  i n  l e a k s .

rather than  tending to  produce motion. As in the above title 
the word force is popularly spoken of as power.

Strictly speaking, the term  power is a dynamic term  relatini 
to  the time rate of doing work, b u t when the elements of a  ma 
chine are in equilibrium no work is done, in which case powe 
is incorrectly used.
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It should be understood that the so-called mechanical powers all depend 
for their action upon what is known as the principle of work, that is: The 
applied force, multiplied by the distance through which it moves, equals the 
resistance overcome, multiplied by the distance through which it is overcome., '

The mechanical powers or basic machines are:
1. The lever 4. The inclined plane
2. The wheel and axle 5. The screw
3. The pulley 6. The wedge

These can in tu rn  be reduced to  three classes:

1. A solid body turning on an axis
2. A flexible cord
3. A hard and smooth inclined surface

The lever.—By definition, a bar of metal, wood or other sub
stance, used to exert a pressure or sustain a weight, at one point of 
its length by receiving a force at a second point, and free to turn at 
a third, or fixed point called the fulcrum. I ts  application is based 
on the principle of moments.

Ques. W hat is a moment?

Ans. A measure of the  turning effect of a force which tends 
to produce rotation around an  axis, as around the fulcrum of a 
lever.

Principle of M om ents .— When two or more forces act upon a 
figid body and tend to turn it about an axis, then equilibrium will 
exist if the sum of the moments of the forces which tend to turn the 
body in one direction equals the sum of the moments of those which 
tend to turn it in the opposite direction about the same axis.

The lever safety valve when a t the point of blowing off is a good illus
tration of the above principle.
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The Lever.—The following general rule holds for all classes 
of lever:

Rule. The force P , multiplied by its distance from  the Jm 
crum, is equal to the load W ; multiplied by its distance from lh\ 
fulcrum . T ha t is:

Force X  distance=  load X  distance............... (1)1
E xam ple .—W hat force applied a t  3 ft. from the fulcrum will balance

F IR ST  ORDER I
■36

S E C O N D  O RDER

p

W  T H IR D  O RDER

P
-«---------------------------- 3 0 -------------------------

lAi
F igs. 56 to 58.— D ia g ra m s io f  t h e / / i r e e  o rd e r s  o j lever i l l u s t r a t i n g  th e  a c c o m p a n y in g  ex am p l?

a weight of 112 lbs. applied a t 6 ins. from the fulcrum? Here the di* 
tances or “leverages” are 3 feet and 6 inches.

The distance m ust be of the same denomination; hence reducing ft. t° 
ins., 3 X 1 2 = 3 6  ins.
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Applying the rule
ForceX36 = 112X6

Solving

Force =  =  18.67 or 18% lbs.00
This solution holds for all levers as illustrated in Figs. »6 to  53.

Wheel and Axle.—Comparison of the wheel and axle with a 
1st order lever shows th a t  in principle they  are the same thing. 
The general equation (1) on page 66 applies to  the wheel and

•L i u  — *>r' n * 'P le  o f  t h e  d i f f e r e n t ia l  h o is t .A *  t h e  c ra td c  is  t u r n e d  c lo c k w iw  t h e  c a b le
w inas o n  B ,  a n d  u n w in d s  o n  A ,  a n d  s in c e  B  is  l a rg e r  in  d i a m e te r ,  t h e  l e n g th  o f  c a b le  b e tw e e n  
t iv  I n ?  t^ru rn 9 , aftc^ l o a d  is  g r a d u a l ly  t a k e n  u p ,  t h u s  l i f t in g  t h e  lo a d .  E v id e n t ly  b y  m a k in g  
tne  d iffe ren ce  in  d i a m e te r  o f  t h e  tw o  d r u m s  v e r y  s m a ll  a n  e x tr e m e ly  la r g e  le v e ra g e  is  o b 
ta in ed , t h u s  e n a b lin g  v e r y  h e a v y  w e ig h ts  t o  b e  l if te d  w i th  l i t t l e  e f f o r t .  T h e  lo a d  w il l  r e -  
roain s u sp e n d e d  a t  a n y  p o i n t ,  b e c a u se  ike difference in  the diameter, o f the two d ru m s is  too 
small to overbalance the fr iction  o f the parts . .  Fic. 60 s h o w s  t h e  e n d  o f  t h e  l i f t i n g  o p e r a t io n .

Chinese W heel and Axle.—This is a  modification of the 
wheel and axle and is used for obtaining extreme degree of 
leverage. I ts  principle and . construction are shown in figs, 
59 and 60.

The Pulley.—Pulleys are classed as fixed  or movable.
In the fixed pulley no mechanical advantage is gained, but its use is
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of the greatest importance in accomplishing the work appropriate to the 
pulley, such as raising water from a  well.

The movable pulley, by distributing the weights into separate parts, is 
attended by mechanical advantages proportional to the number of points 
of support.

Fics 61 to 67 .— E l e m e n t a i y  p u l le y  c o m b in a tio n s  - i l l u s t r a t i n g  a c c o m p a n y in g  rule j*  
r e la t io n  b e tw e e n  fo rc e  a p p lie d  a n d  lo a d  l i f te d  a n d  sh o w in g  h o w  t h e  lo a d  m a y  b e  increase! 
f ro m  1 t o  7  t im e s  p e r  u n i t  o f  fo rc e  a p p l i e d .  O f  c o u rs e  a  g r e a te r  r a n g e  m a y  b e  secured W 
a d d i t io n a l  p u lle y s , b u t  tb e r e  is  a  l im i t  in  p r a c t ic e  t o  w h ic h  i t  i s  m e c h a n ic a l ly  exped ien t.

The following rule expresses the  relation between the fore« 
and load. 

Rule.— The load capable of being lifted by combination i  
pulleys is equal to the forcexthe number of ropes supporting $  
lower or movable block.
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The Inclined P lane.—By such substitution of a  sloping path  
for a direct upward line of ascent, a  given weight can be raised 
by another weight weighing less th an  the  weight to  be raised.

The inclined plane becomes a  mechanical power in consequence 
of its supporting part of the  weight, and of course leaving only 
a  part to  be supported by  the  power.

Rule.— yls the applied force P , is to the load W , so is the height, 
H, to the length of the plane W .

That is:
Force: load =  heigh t: plane length..................................(2)

Example.—What force (P) is necessary to raise a load of 10 lbs. if the 
height be 2 ft., and plane 12 ft.?

Substitute in equation (2)
P i  10 = 2 : 1 2  
PX12 = 2X10

The Screw.—This is simply an inclined plane wrapped around 
cylinder.
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The ’screw is generally employed when severe pressure is to be exerted 
through small spaces; being subject to  great loss from friction it  usually 
exerts but a small power of itself, but derives its principal efficacy from i 
the lever or wheel work with which it is very easily combined.

Rule.—A s the applied force is to the load so is the pitch to thi 
length of thread per turn, th a t  is:

Applied force : load= pitch : length of thread per. tu rn   (3)

Exam ple:—If the distance between the threads or pilch be 14 in. and a 
force of 100 lbs. be applied a t the circumference of the screw, what weight 
will be moved by the screw, the length of thread per turn of the screw 
being 10 ins.

Substituting in equation (3)

100 : load =  \ i  : 10 
load .X l i  = 10X100
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The W edge.—This is virtually a pair o f inclined, planes in  
contact along their bases or back to back.

Rule.— yls the applied force is to the load so is the thickness 
of the wedge to Us length; th a t  is:

Applied force: load= thickness : length of wedge......................................(4)
Exam ple .—W hat force is necessary to  apply to a wedge 20 ins. long 

and 4 ins. thick to  raise a  load of 2,000 lbs.?
Substituting in equation (4)

Applied force: 2,000 = 4 : 20

applied forceX20 = 4X2000

applied force =400 lbs.

Energy.—By definition, energy is the ability to do work.

Ques. Name two kinds of energy.

Ans. Potential and kinetic energy.

Ques. W hat is potential energy?

Ans. Energy due to  position.

Ques. W hat is kinetic energy?

Ans. Energy possessed by a moving body due to  its momen
tum.

Fig. 71 illustrates potential and kinetic energy.

Ques. Give another definition for potential energy.

Ans. Stored capacity for performing work possessed by a 
body a t rest due to  its elevation.

Water, as in fig. 71, stored in an elevated reservoir represents potential 
energy,- as its liberation to a lower level may be utilized to do work.
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Ques. Give another definition of kinetic energy, 

d n s .  The dynamic inertia possessed by a moving body.
, r ‘ '  h," ‘■v v' * k 5 1 ’ * I

Conservation of Energy.—The doctrine of physics that 
energy can be transm itted  from one body to  another or trans
formed in its manifestations, bu t may neither be created nor 
destroyed.

Energy may be dissipated, tha t is, converted into a form from which it 
cannot be recovered, as is the case with thé great percentage of heat 
escaping with the exhaust of a locomotive, or the condensing water of a 
steamship, but the total amount of energy in the universe, it is argued, remains 
constant and invariable.
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Ques. Give a classic illustration of the conservation of 
energy.

Ans. Joule’s experiment.

Joule’s Experim ent.— In 1843 D r. Joule of M anchester, 
England, performed his classic experiment which revealed to 
the world the mechanical equivalent of heat.

Fig. 72.—J oule’s experiment revealing the mechanical equivalent of heat.

With apparatus as described in fig. 72, in operation as the weight W, 
falls, the paddles rotate in the water, the water itself being kept from 
rotating by fixed pieces not shown. I t was discovered tha t the work done 
by the weight in descending, was not lost but appeared as heat in the 
water, the agitation of the paddles having increased the temperature of 
the water by an amount which can be measured by a thermometer.

According to  Joule, when 772 foot pounds of work energy 
had befen expended on the pound of w ater, the tem perature 
of the latter had risen 1° Fahr. This is known as Joule’s 
equivalent, th a t is 1 unit of heat equals 772 units of work. 

More recent experiments by Prof. Rowland (1880) and others
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give higher figures; 778 is generally accepted, bu t 777.5 is 
probably more nearly correct, the value 777.52 being used by 
M arks and Davis in their steam  tables.

The value 778 is sufficiently accurate for ordinary cacula- 
tions.

Expansion and Contraction.—Practically all substances 
expand with increase in tem perature and decrease or shrink 
with decrease of tem perature.

Figs. 73 and 74.—Heat converted into work (Fig. 73) and work converted into 
heat (fig. 74).

Ques. W hat substance does not obey this law for all changes 
in  tem perature?

A n s . W ater.

The most remarkable characteristic of water, as previously pointed out, 
is tha t a t its point of maximum density (39.1° Fahr.) water will expand as 
heat is added and it will also slightly expand as the temperature falls from 
this point.
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Ques. Why does heat cause expansion?

dns. An increase of heat is due to  an increase in the velocity 
of motion of the molecules. Accordingly the molecules by 
their more frequent violent collisions become separated a little 
farther from one another, and as a result the body expands, as 
shown in the experiments illustrated in the accompanying cuts.

Ques. W hat is linear expansion?

dns. Expansion of solid bodies in a longitudinal direction.

COEFFICIENT OF EXPANSION = F +  L
Figs. 75 and 76.— Coefficient of expansion. If a bar of length L , at temper

ature n° Fahr., as in fig. 75 be heated to n° +  1 0 Fahr., and expand a distance 
F, as in fig. 76, then the coefficient of expansion is F -5- L.

Ques. W hat is volumetric expansion? 

dns. Expansion in volume.

Ques. Define the coefficient of linear expansion.

Ans. I t is the ratio of the increase in length produced by a rise 
of temperature of 1° Fahr. to the original length, as illustrated 
in fig. 76.

Ques. State some advantages and disadvantages of ex
pansion and contraction due to  heat.
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A n s. Boiler plates are fastened with red hot rivets. Whet 
the rivets cool they contract and bind the plates together wit! 
great force.

Iron tires are first heated and then put onto the wheel. When the ire: 
cools, the tire contracts and binds the wheel. A short space must be lei 
between the rails of a railroad to permit expansion and contraction withoc 
injury.

For linear expansion the table here given is used for calcu
lation.

Linear Expansion of Comraon M etals 

(Between 32 and 212° Fahr.)
L in e a r  e x p a n s io n  
p e r  u n i t  le n g th  

p e r  d e g re e  F a h r .

Aluminum..................................    00001234
Antimony.......................................................................00000627
Bismuth.......................  , . . . .  00000975
Brass............................................................................... 00000957
Bronze............................................................................ 00000986
Copper.......................................................................  00000887
G o ld . . , ......................................................................... .00000786
Iron, cast....................................................................... 00000556
Iron, wrought............................................. 00000648
Lead.....................................................  00001571
Nickel............................................................................. 00000695
Steel................................................................................ 00000636
T in ...................................................   00001163
Zinc, cast \   00001407
Zinc, rolled/

Volumetric expansion =3Xlinear expansion.

Friction.—By definition, friction is that force which ccfrJ 
between two bodies at their surface so as to resist their slidiiii 
on each other. In  other words, the resistance existing behvet 
two bodies in contact which lends to prevent their motion on eat 
other.
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Ques. W hat are the causes of friction?

dns. I t  is partly  due to  the natural adhesion of one body 
to another bu t chiefly to the roughness of the  surfaces in 
contact.

Ques. W hat does a surface polished as fine as possible look 
like when viewed under a powerful microscope?

Fig. 77 .—The nature of a polished surface.

Ans. Like a piece of coarse emery paper as in fig. 77.

Here a magnifying, glass is shown instead of a microscope simply for 
simple illustration—imagine the magnifying glass to  have the power 
of a microscope.

Ques. W hat are the characteristics of friction?

Ans. I t may be either harm ful or useful.
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In most cases it is harmful in that there is a waste of power to overcots 
friction in any mechanism. An outstanding example of friction use : 
brakes.

Ques. W hat is the most harmful effect of friction.

A n s. The wear of bearings.

Fig. 78 .—The angle of repose.

Co-efficient of Friction.—By definition, the co-efficient of 
friction is the ratio of the force required to slide a body along t 
horizontal plane surface to the weight of the body. I t  is equivalent 

to  the tangent of the angle of repose.

Ques. W hat is the angle of repose?

T n s . The greatest angle with the horizontal a t which a mast 
m aterial as in an em bankm ent or coal pile will lie without 
sliding. The angle varies for different m aterials.
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Laws of Friction.—The first laws of friction were given 
by Morin about 1830 b u t have since been modified by the 
results of la te r experim ents. As summarized by K ent, the 
laws are:

1. Friction varies approximately as the normal pressure with 
which the rubbing surfaces are pressed together.

2. Friction is approximately independent of the area of the 
surfaces, but is slightly greater for small surfaces than for large 
surfaces.

3. Friction decreases with increase of velocity, except at very 
low velocity, and with soft surfaces.

Laws of Friction for Lubricated Surfaces.—Perfect lubrica
tion, i.e. surfaces completely separated by a film of lubricant:

4. The co-efficient of friction is independent of the materials 
of the surfaces.

5. The co-efficient of friction varies directly with the viscosity 
of the lubricant, which varies inversely with temperature of the 
lubricant.

6. The co-efficient of friction varies inversely as the unit 
pressure, and directly as the velocity.

7. The co-efficient of friction varies inversely as the mean 
film thickness of the lubricating medium.

8. Mean film  thickness varies directly with velocity and in 
versely as the temperature and unit pressure.

Imperfect Lubrication.—Surfaces partially separated by a 
film of lubricant m ay range from almost complete separation of 
the surfaces to  almost complete contact.

9. The co-efficient of friction increases with increase of pressure 
between surfaces. v
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10. The co-efficient of friction decreases with increase of relative 
velocity between the surfaces.

Lubrication.—On account of m inute irregularities of a 
smooth m etal surface, it  is impossible to  run  m achinery with
out lubrication of some kind notwithstanding the alleged 
“anti-friction” metals.

Ques. W hat should be noted by the term  “anti-friction 
m etals” ?

A n s. I t  is misleading and ridiculous—in common language, 
a lie.

Ques. W hat is the duty  of a lubricant?

A n s. Its  office is to  keep the rubbing parts separated by 
a th in  film of oil, thus preventing as far as possible actual 
contact.

Ques. W hat is the peculiarity of graphite?

/In s . I t  does not lubricate bu t fills up the m inute pores in 
the bearing surface.
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C H A PT ER  3

Hydraulics
Leading up to  the study of pumps, it is helpful to have a 

knowledge of hydraulics, hence this chapter.
Although the generally accepted definition of hydraulics 

considers it  as treating of liquids, usually water, in motion, th is 
is altogether too narrow a definition, and it should include the 
consideration of liquids wider all conditions, whether in motion 
or at rest.

T hat is to  say, hydraulics should be defined as the science 
■which treats of liquids especially water and the forces acting 
on the liquid whether it he in  a state of rest or motion.

Accordingly,broadly speaking, there are tw ^ general divisions 
of the subject:

1. Hydrostatics
2. Hydrodynamics.

1. Hydrostatics
Ques. W hat is hydrostatics?

Ans. T h a t division of hydraulics which treats of liquids 
especially water a t rest.

Ques. W hat governs the pressure of: a liquid on a surface?
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A n s. I t  is proportional to the area of the surface, as shown 
in fig. 1. 

Ques. Is much w ater required to  balance a heavy weight? 

A n s . Any quantity  of water however small m ay be made to 
balance any weight however heavy as shown in fig. 2. 

Ques. Upon w hat does the pressure of water a t  any point ‘ 
below the surface depend?

Fig. 1.— Hydraulic principles 1.—The pressure exerted by a liquid on 
a surface is proportional to the area of the surface. Two cylinders 
of different diameter are joined by a tube and filled with water. On the sur
face are the two pistons M and S, which hermetically close the cylinders, but 
move without friction. Let the area of the large piston M be. say thirty times 
that of the smaller one S, and let a weight, say of 2 lbs., be placed upon 
the small piston. The pressure will be transmitted to the water and to the large 
piston, and as this pressure amounts to 2 lbs. in each portion of its surface 
equal to that of the small piston, the large piston must be exposed to an up
ward pressure thirty times as much, or 60 lbs. If now a 60 lb. weight be 
placed upon the large piston, both pistons will remain In equilibrium, but if 
the weight be greater or less, the equilibrium will be destroyed.
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. . . plumcr
101,790 LBS.
PRSSSURC 100 LBS

Fig. 2.—Hydraulic principles 2.—A n y  quantity of water however 
small m ay be made to balance any weight however great. This 
illustration shows a locomotive on a hydraulic elevator. Assuming no 
leakage or friction at the joint, and that the vertical pipe leading to the 
plunger cylinder is very small, it is evident that it could be filled to the eleva
tion shown with a very small quantity of water—say one quart. If the weight 
of the locomotive be 101,790 lbs. and area of plunger such that it requires 100 
lbs. per sq. in. pressure on plunger to balance locomotive, then the load will 
be balanced when the pipe is filled with water to a height 100X2.31 =231 ft.

Now in fig. 5 a similar condition exists. That is, a column of water 
(1 sq. in. in cross section) and 2.31 ft. high weighs 1 lb. Accordingly if a 
gauge be placed a t the bottom of the column which in the figure is 2.31 X 
2 = 4.62 ft. in height it would exert a pressure of 2 lbs. per sq. in. Hence the 
pressure of water a t any depth equals

depth in feet -r- 2.31

Ans. I t  is proportional to  the depth of the point below 
the surface.

In fig. 4 is shown a number of 1 lb. weights piled on top of each other. 
Evidently if the pile be placed on a scale the total weight or pressure would 
be 11 lbs. and if resting on 1 sq. in. of surface it would be 11 lbs. per sq. in.
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Head and Pressure .—These are two prim ary considerations 
in hydraulics. By definition head is the depth of water in a vessel 
pipe or conduit which is the measure o f the pressure upon any 
given point below the surface. T h a t is, the word head signifies 
the difference in level of water between two points, and is usually 
expressed in feet.

Fig. 3.—Hydraulic principles 3.— The pressure upon any particle of a 
fluid of uniform density is proportional to its depth below the sur
face.

A n s . S tatic and dynamic head.

Dynamic head is treated in Section 2 on Hydrodynamics.

Ques. W hat is static head?

Ques. Name two kinds of head.
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/Ins. The height from a given point of a column or body 
of water at rest, considered as causing or measuring pressure.

Ques. W ith respect to  pum ps, what should be noted about 
head?

■ 4 n s . I t  should be distinguished from lift.

Fig. 4.—Assembly of 1 lb. weights on scale to show that the pressure of wafer 
af any point below the surface is proportional to the depth of the 
point below the surface.

Fig. 5. —Relation between water pressure at any point below the surface and 
the depth in feet.
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Static Lift.—When the barom eter reads 30 ins. a t sea level, 
the pressure of the atmosphere a t th a t elevation is 14.74 lbs. 
per sq. in ., th a t is, this pressure will m aintain or balance a 
column of water 34.042 ft. high, when the column is completely 
exhausted of air, and the water is a t  a tem perature of 62° Fahr.

In other words the pressure of the atmosphere then “lifts” (hence the 
name) the water to such height as will establish equilibrium between the 
weight of the water and the pressure of the atmosphere. This state of 
equilibrium is shown in fig. 26.

Fig. 6.—Hydraulic principles 4.—Fluids rise to the same level in the 
arms of a U-tube when the temperature of the liquid is the same 
throughout.

Fig. 7.—Hydraulic principles 5.—Fluids will not rise to the same level 
in the arms of a U-tube when the temperatures are not the same in 
each arm . Why?

Center of Pressure .—By definition, the center of pressure 
for any plane surface acted upon by a fluid is I he point of action 
of the resultant pressure acting upon the surface.

Archimede’s Principle.—The resultant pressure of a fluid on 
a body immersed in it acts vertically upward through the center
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of gravity of the displaced flu id  and is equal to the weight of the 
fluid displaced.

Displacement.—By definition, displacement is the weight of 
water pushed aside (displaced) by the flotation of a vessel.

This and a few paragraphs following is a marine digression, but it
presents very forceably some principles of hydrostatics.

Ques. Give a simple illustration of displacement.

in s .  Take a paper box, a cigar box and a solid block of 
wood all exactly the same size. If all three be p u t in a pan of

PAPER BOX CIGAR BOX

Figs. 8 ro 10.—Various bores and wooden blocks illustrating displacement 
and draught.

water they will float, as in figs. 8 to  10, each sinking in degree 
proportional to  its weight.

Ques. How far do the boxes and solid block sink?

in s .  Each sinks until the weight of the w ater th a t they 
occupy or displace is equal to  the weight of each.

Thus in figs. 8 to  10, suppose the paper box weigh 1 lb. the cigar box 2 lbs. 
and the block 3 lbs. Then the cigar box will sink twice as deep as the paper 
box and the wooden block three times as deep as plainly shown in the 
illustrations.
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Ques. W hat is.draught?

.4 ns. A marine-term meaning the depth of water to  which I
vessel will sink, a t which depth the weight of water displace 
is equal to  the weight of the vessel.

Ques. W hy is the draught of a boat less in salt water that 
in fresh water?

t o t a l  u p w a r d  
PRESSURE ON PISTON 

10 LBS.

PRESSURE OF W ATER}/ 
I LB. PER Sq.IN. j

BUOYANCY
Fig. 11.—Cylinder submerged in water and containing a frictionless pisto" 

illustrating buoyancy.

A n s . Because salt water weighs more than  fresh water. 

Ques. W hat is buoyancy?
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Ans. The power or tendency of a liquid .to keep a vessel 
afloat. The upward pressure exerted upon a floating body 
by a fluid.

Thus in fig. 11, consider a cylinder open a t both ends and submerged 
in water to a depth of 2.31 ft. Now if an air-tight and frictionless piston be 
inserted in the cylinder a t A, as shown by dotted lines and released, it would 
sink to position B and remain suspended a t tha t point.

Ques. In  fig. 11 w hat happens during the descent of the 
piston? 

Ans. The pressure of the w ater acting upward on the lower 
face of the piston gradually increases. 

Ques. W hy does the piston not descend lower th an  posi
tion B? 

in s .  Because a t this point the to ta l upward pressure acting 
on the piston is equal to  its weight and the system (piston 
and displaced water) is in a state  of equilibrium.

Weight of piston..................................... ........ 10 lbs.
Pressure of water 1 lb. per sq. in ................  1 lb. per sq. in.
Area of piston 10 sq. ins...............................  10 sq. ins.
Total pressure on piston................... ............ 1 X 10 =  10 lbs.

Center of Buoyancy.—By definition, the center of buoyancy 
ts the center of gravity of the liquid displaced by the body immersed 
in it.

Take a rectangular block and place it in water, it will float even (or on 
an even keel as they say) because the volume displaced aft which is propor
tional to tire solid block area, is equal to  the volume displaced forward 
which is proportional to the shaded area B, fig. 12.

The center of buoyancy is clearly shown a t the middle point of the 
rectangular block and is indicated in fig. 12 by the axis CB.
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C b
CENTER OF BUOYANCY

AFT FORWARD

■

B —

___ W E I G H T

■ L ..........._

Figs. 12 to 16.— Diagrams illustrating center of buoyancy and effect o' 
dispositions of weight.
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In fig. 13 if a weight be placed a t the center of buoyancy the block would 
sink as much forward as aft. T hat is, points A  and B  would be immersed to  
the same depth.

Consider now placing the weight aft as in fig. 14; this will cause the block 
to be immersed more aft than forward. Under these conditions the center 
of buoyancy no longer remains in the middle of the length of the block, but 
will shift to a point which depends upon the p o sitio n  of the weight and its size .

Now' in fig. 15 if equal weights as A  and B were placed a t equal distances 
the center of buoyancy would be a t the middle point and the block would 
remain level.

•4 LBS. 2 LBS.

te n d s  to  TURN 
COUNTERCLOCKWISE FULCRUM 

'L E V A R  A RM S

TENDS TO TURN 
CLOCKW ISE

Fig. 17.—Diagram illustrating equilibrium referred to the center of buoyancy 
by proper distribution of weights.

In actual vessels it is not practical to have equal weights displaced equal 
distances from the center of buoyancy. Accordingly to  prevent shifting 
of the center of buoyancy, if a 4 lb. weight as A, be placed 2 ft. aft, then a 
2 lb. weight as B  must be placed 4 ft. forward as in fig. 16.

The reason for this is shown in fig. 17. Consider the block out of water 
and pivoted through its center of buoyancy. This pivot forms the. fulcrum  
or “origin of moments.”

By definition a  moment is the measure of a force (or weight) 
by its effect in producing rotation, especially motion about a fixed  
point or fulcrum.

Ques. How is the turning effect of a force measured?



92 Hydraulics



Hydraulics 93

i n s .  In foot pounds preferably called pound feet, when 
the force is measured in pounds and the distance in feet.

Ques. Describe the conditions in fig. 17.

i n s .  The 4 lb. weight with a 2 ft. lever arm  tends to  turn  
the block counter-clockwise in am ount equals 4 x 2  =  8 
pound feet. Opposed to  this the 2 lb. weight with a 4 ft. 
lever arm tends to  tu rn  the block clockwise in am ount equals 
2 x 4  = 8 pound feet. Hence the  moments being equal and 
opposing each other there is no resulting tendency to  ro tate  the 
block, th a t is, it is in a state  of equilibrium.

Stability.—By definition, stability is that characteristic (due 
to shape) of a vessel which gives her capacity for righting herself 
and. assuming her normal upright position after a roll or oscilla- 
twn caused by a heavy sea.

Ques. Upon w hat does stability depend?

in s .  The body of cross sectional shape of the immersed 
surface.

For instance the stability of a round bottom yacht’s tender or dinghy
is very low compared to tha t of a bateau, that is a flat bottom row boat.
The results of a  greenhorn and smart aleck standing on the side of these
two types are shown in figs. 18 and 19.

Center of Buoyancy.—By definition, the center of gravity of 
the displaced^ flu id  and is the point of application of the resultant 
of all the upward forces acting on the body.

M etacenter.— In a floating body a t  rest on the water, the 
tine joining the center of gravity of the body and center of buoyancy 
is always vertical and is known as the axis of equilibrium.
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If an external force cause this axis of equilibrium to occupy an inclined 
position, then if a vertical line be drawn upward from the new center of 
buoyancy to this axis, the point where it intersects the axis is called the | 
metacenter. T hat is, the metacenter of a vessel’s hull is determined by | 
locatim of center of gravity or buoyancy of immersed, bottom of hull, for it is 
th a t point of transverse section of hull where a vertical line raised from its 
center of gravity or buoyancy intersects a line passing through the center 
of gravity of hull.

Figs. 20 to 23.—Hydraulic principles 6.— A n y  quantity of fluid how* 
ever small m ay balance any weight however great—hydrostatic 
paradox.

Ques. W hat should be noted about the position of the 
m etacenter? 

A n s . If the m etacenter is above the center of gravity, equi
librium is .stable; if it  coincide with it, equilibrium is indifferent 
and if it be below it, equilibrium is unstable. 

Hydrostatic Paradox.—This is the principle th a t  any quantity 
of flu id  however small may balance any weight however great. 

■When water is contained in containers of various shapes as 
in figs. 20 to  23, the intensity of pressure in lbs. per sq. in. is 
the same at the bottoms of the variously shaped containers, but the
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total liquid pressures against the various bottoms are proportional 
to the areas of the bottoms.

The amount of liquid or its total weight makes no difference in either the 
intensity of pressure or the total pressure, so long as the head remains the 
same.

The fact that the total liquid pressure against the bottom may be many times 
greater or less than the total weight of the liquid is termed the hydrosta tic  
paradox.'

Archimedes’ Principle; Hydrostatic Balance.—A principle 
stated by Archimedes relating to  hydraulics states th a t: A  body 
immersed in a flu id  loses an amount of weight equal to that of the 
fluid it displaces.

When a body is immersed in a liquid it is acted upon by two 
forces:

1. Gravity

Which tends to lower it.
•

2. Buoyancy

Which tends to raise it.

The action of gravity and buoyancy is shown in fig. 24.

Ques. Describe the hydrostatic balance experiment to  prove 
Archimedes’ principle.

Ans. Suspend from one of the pans of the balance fig. 25 a 
hollow brass cylinder and below it a  solid cylinder of the same 
Slze» placing a counter weight on the other pan to  balance the 
assembly. If now the hollow cylinder be filled w ith w ater, 
the equilibrium is disturbed. However, if the balance be 
lowered so th a t the solid cylinder becomes submerged, equil
ibrium is restored.
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Ques. W hat happens when the solid cylinder is submerged?

Ans. I t  loses a portion of its weight equal to  th a t of the 
water in the hollow cylinder.

Since the value of the hollow cylinder is the same as the solid cylinder 
the experiment proves Archimedes’ principle.

2. Hydrodynamics.
By definition hydrodynamics is that branch of hydraulics 

tvhich treats of liquids, especially water, and the forces acting 
upon it, causing it to be in a state of motion.

Dynamic Lift.—By definition dynamic lift is an equivalent 
or virtual lift of water in motion which represents the resultant 
pressure necessary to lift the water from  a given point to a given 
height and to overcome all frictional resistance.

Ques. W hat is the practical actual lift in pum p operation?

•4ns. From  20 to  25 feet.

Ques. W hat kind of piping requires shorter lifts?

Ans. Long inlet lines, m ultiplicity of inlet elbows and pipes 
too small.

Ques. Name another condition th a t  reduces the practical 
limit of lift.

Ans. High altitudes.
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Fig. 26 . — Theoretical lift for a pump. This corresponds to static lift for a  give» 
barometer read ing, but not obtained in practice.

Fig. 27 .— Actual lift and the corresponding dynamic lift representing the 
actual lift plus all frictional resistance.
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Effect of Tem perature on Dynamic L ift—Pum ps handling 
water a t elevated tem peratures m ust work on reduced actual 
lift because the boiling point corresponds to  the pressure. 
Thus a t 212° Fahr. a pum p would not lift w ater a t all because 
on the admission strokes the cylinder would fill w ith steam .

Theoretically a perfect pum p will draw or “lift” water to  a 
height of 34.042 ft. when the barom eter reads 30 ins. bu t since a 
perfect vacuum cannot be obtained on account of valve leakage, 
air contained in the  water and the vapor of the  water itself, 
the actual height is generally less th an  30 ft. and for warm or 
hot water, considerably less.

The following table shows the theoretical maximum lift for 
different temperatures, leakage not considered.

Theoretical Lift for Various Temperatures

Temp.
Fahr.

Absolute 
pressure 
of vapor 
lbs.jper 
sq. ins.

Vacuum
in

inches
of

mercury

L ift
in

feet

T e m p .- 
Fahr.

Absolute 
pressure 
of vapor 
lbs. per 
sq. ins

Vacuum
in

inches
of

mercury

L ift
in

feet

102.1 l 27.88 31.6 182.9 8 13.63 15.4
126.3 2 25.85 29.3 188.3 9 11.6 13.1
141.0 3 23.83 27 193.2 10 9.56 10.8
153.1 4 21.78 24.7 197.8 11 7.52 8.5
162.3 5 19.74 22.3 202 12 5.49 6.2
170.1 6 17.70 20 205.9 13 3.45 3.9
176.9 7 15,67 17.7 209.6 14 1.41 1.6

When the water is warm, the height to which it can be lifted decreases, 
on account of the increased pressure of the vapor. T hat is to  say, for 
illustration, a  boiler feed pump taking water a t say 153° Fahr., could 
not produce a vacuum greater than 21.78 ins., because a t th a t point 
the water would begin to  boil and fill the pump chamber with steam. 
Accordingly, the theoretical lift corresponding would be

91 7 R
34 x  — :—  = 24.68 ft. approximately
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The result is approximate because no correction has been made for 
the 34 which represents a 34 foot column of water a t 62° Fahr.; of course, at 
153° Fahr. the length of such column would be slightly increased.

It should be noted that the figure 24.67 ft. is the approximate theoretical 
lift for water a t 153° Fahr.; the practical lift would be considerably less.

Dynamic H ead.—By definition, dynamic head is an equiva
lent or virtual head of water in  motion which represents the re
sultant pressure necessary to force the w ater from a given point 
to  a given height and to  overcome all frictional resistance.

TOTAL DYNAMIC COLUMN 

= A B  + CD

Fig. 28.— Pump diagram illustrating actual lift, actual head and corresponding 
dynamic lift and dynamic head.

The dynamic or virtual head operating to  cause flow is 
divided into three parts:

1. Velocity head.

This is the height through which a body must fall in a vacuum to acquire 
the velocity with which the water flows into the pipe equals -s- 2g in 
which v equals velocity in ft. per sec. and 2g = 64.32.
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2. Entry head.
Head required to  overcome the frictional resistance to  entrance to  the 

pipe. With sharp edged entrance the entry head equals about one-half 
the velocity head; with- smooth rounded entrance the entry head is 
negligible.

3. Friction head.
This is due to the frictional resistance to flow within the pipe. In 

ordinary cases of pipes of considerable length, the sum of the entry and 
velocity heads required scarcely exceeds 1 ft. In the case of long pipes 
with low heads the sum of the velocity and entry heads is generally so 
small tha t it may be neglected.

The tables on pages 195 and 196 give the loss of head due to  
friction of water in pipes and elbows of various sizes and for 
various rates of flow. 

Capillary Attraction. —By definition, a measure of surface 
tension observed in liquids which “wet” the surface. 

In fine tubes and bores the surface tension is sufficient to 
balance a small column of liquid m aintaining it a t a level 
above the outside.

In fig. 29 is shown a series of glass capillary tubes of varying diameter; 
when immersed in water for instance the water in the tubes will rise to a 
higher level than in the container.

Ques. How do other fluids act? 

A ns. They are raised to  unequal heights by the same tube. 

Ques. W hat effect has the diam eter on height to  which the 
liquid will rise? 

A ns. The height to  which a liquid will rise is inversely 
proportional to  the diam eters of the bores of the  tubes.
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Capillary Depression.—By definition, a manifestation of 
surface tension observed in liquids which do not “wet."

When a liquid like mercury does not wet the tube, the behavior is just | 
the reverse of liquids which wet the surface. T hat is, the level is depressed 
and maintained a t a level lower than tha t of the outside as shown in fig. 30.

- ■ •' I
The extent of the depression is inversely proportional to 

the diameters of the bores of the tube.

Flow of W ater through Orifices.-—Torricelli discovered in 
1643 that a flu id  issues from a small orifice with the velocity as 
i f  it fell freely in  a vacuum from a height equal to the vertical 
distance from the surface to the center of the orifice.

If a jet issuing from an orifice in a vertical direction have the same velocity 
as a body would have which fell from the surface of the liquid to  tha t orifice,
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the jet ought to rise to the level of the liquid. It does not, however, reach 
this; for the particles which fall hinder it.

By inclining the je t a t a small angle with the vertical it reaches about 9/10 
of the theoretical height, the difference being due to friction and to the 
resistance of the air.

Ques. Are the sizes of orifices and quantities of water 
issuing from them  proportional?

Ans. Very nearly so.

CAPILLARY DEPRESSION

Fig, 30. —Small tubes of various bores illustrating capillary depression.

Water Flow M easurem ent.—A device commonly used for 
measuring water flow, especially th a t  of small stream s, is the 
weir—sometimes called tumbling bay.

The weir proper consists of a notched board as shown in 
fig- 31. To make a weir, place a board across the stream  
at some point which will allow a pond to  form above. The
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board should have a notch cut in it  with both side edges and the 
bottom  sharply beveled, as shown in the cut. 

The bottom  of the no tch ; which is called the “crest” of the 
weir, should be perfectly level and the sides vertical.

In the pond back of the weir, a t a distance not less than the length of 
the notch, drive a stake near the bank, with its top precisely level with 
the crest.

Fig. 31.— Example of a weir.

By means of a rule, or a graduated stake as shown, measure the depth 
of water over the top of stake, making allowance for capillary attraction 
of the water against-the sides of the weir.

Ques. How is the depth measured for extreme accuracy? 

A n s . B y means of a hook gauge.
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WEIR TABLE
INCHES H A H

0 00 01 05 09 14 19 .26 .32

I 40 47 55 64 73 82 .92 i .02

2 1 13 i 23 1 35 1 46 i 58 i 70 1 .82 i .95
3 2 07 2 21 2 34 2 48 2 61 2 76 2 .90 3 .05
A 3 20 3 35 3 50 3 66 3 81 3 97 4 .14 4 30

6 4 47 4 64 4 81 4 98 5 15 5 33 5 51 5 69
6 5 87 6 06 6 25 6 44 6 62 6 82 7 01 7 21
7 7 40 7 00 7 80 8 01 8 21 8 42 8 63 8 83
8 9 05 9 26 9 47 9 69 9 91 10 13 10 35 10 57
9 10 80 11 02 11 25 11 4S 11 71 11 94 12 17 12 41

to 12 64 12 88 13 12 13 30 13 60 13 85 14 09 14 34
11 14 59 14 84 15 09 15 34 15 59 15 85 16 11 16 36
12 16 62 16 SS 17 15 17 -41 17 67 17 94 18 21 18 47
13 18 74 19 01 19 29 19 56 19 84 20 11 20 39 20 67
14 20 95 21 23 21 51 21 SO 22 08 22 37 22 65 22 94
15 23 23 23 52 23 S2 24 11 24 40 24 70 25

oo

25 30
16 25 60 25 90 26 20 26 50 26 80 27 11 27 42 27 72
17 28 03 28. 34 28 65 28 97 29 28 29 59 29 91 30 22
18 30 54 30 86 31 18 31 50 31 82 32 15 32 47 32 80
19 C

O
C

O 12 33 45 33 78 34 11 34 44 34 77 35 .10 35 44
20 35. 77 36 11 36 45 36

00r> 37 12 37 46 37 80 38 15
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Weir Table.—The weir table contains figures 1, 2, 3, etc., in 
the first vertical column which indicates the inches depth of 
water running over weir board notches. Frequently the  depths 
measured represent also fractional inches, between 1 and 2,2 
and 3, etc.

The horizontal line of fraction a t the top represents these fractional 
parts, and can be applied between any of the numbers of inches depth, 
from 1 to 21.

The body of the table shows the cubic feet, and the fractional parts of a > 
cubic foot, which will pass each minute for each inch in depth, and for each j 
fractional part of an inch by eighths for all depths from 1 to 21 ins. Each I 
of these results is for only 1 in. width of weir.

To estimate for any width of weir the result obtained for 1 in. width j 
must be multiplied by the number of inches constituting the whole hori- j
zontal length of water.■

Ques. Having ascertained the depth of water over the 
stake, how is the am ount of water flowing determined?

A ns. By referring to  the accompanying table from which 
may be calculated the am ount of water flowing over the  weir.

Ques. In making a weir what proportions should be observed 
in the dimension of the notch?

A n s. Its  length or w idth should be between four and eight |
times the depth of water flowing over the crest of the weir.

* • I

Ques. How about the pond back of the weir?

/In s . I t  should be a t least 50 per cent wider than  the notch j 
and of sufficient width and depth th a t the velocity of flow or j 
approach be not over one foot per second.

In order to obtain these results it is advisable to experiment to some j 
extent.
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C H A PT ER  4

Centrifugal Pumps; Principles

Centrifugal pum ps of 'a ll types depend for their operation 
upon centrifugal force. By definition, centrifugal force is that 
force which acts upon a body moving in a circular path tending 
to force it farther from the axis or center of the circle described 
by the body.

In the case of a  centrifugal pum p when its rotating member 
gives rapid ro tary  motion to  a mass of w ater contained in the 
surrounding case, centrifugal force forces the water ou t of the 
case through the discharge outlet. The vacuum  thus created 
makes available atm ospheric pressure to  force in more water 
(through the center). The process continues as long as motion 
is given to  the rotor and there is a supply of w ater to  draw 
upon. From  this, a centrifugal pum p m ay be defined as one 
in which vanes or impellers rotating inside a close fitting casing, 
draw in the liquid at the center and by virtue of centrifugal force 
throw out the liquid through an opening at the. periphery of the 
casing.

How a Centrifugal Pump W orks.—Take a cylindrical can as 
in fig. 1, having radial vanes A, C, to  force the  liquid in it 
to revolve when the can is ro ta ted . In  fig. 2, m ount the can 
on a shaft and w ith pulley so as to  ro ta te  the can a t great speed.
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CENTRIFUGAL FORCE

Figs. 1 an d  2.— Cylindrical can with radial vanes illustrating centrifugal purs;: 
principles.

Ques. W hat causes the water near the center to  be draw
down ward?

T n s . The water moving outward creates a vacuum  near tW 
center and atm ospheric pressure forces it downward.

Centrifugal force acts upon the water (rotating a t  high speed 
to force the water out toward the  walls of the can. This cause 
the water to  press radially outward and since it  cannot get par. 
the walls, the pressure pushes the w ater upward and cause 
it to  overflow along the circumference of the  can a t the saiftj 
tim e the water near the center is drawn downward.
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Ques. W hat is the trouble w ith this primitive arrangement?

A ns. There is nothing to  catch the w ater as it spills over 
the rim. N o supply of additional w ater, and since the  water 
which spills over the top  ha9 a  high velocity equal to  the rim 
speed, the kinetic energy thus generated is wasted.

RECEIVER

Fig* 3.—Elementary centrifugal pump consisting of cylindrical can with radial 
vanes, concentric receiver and supply tank.

Ques. How do figs. 1 and 2 show any pumping operation?

A ns. From  fig. 2 it  is evident th a t  the water has been lifted 
a distance D D ' (fig. 1).

Ques. Describe the arrangem ent shown in fig. 3.
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A n s . The illustration shows a  receiver .to catch the water, 
when it spills over the  top  of the  can and a supply tank  con
nected with the hollow shaft to  supply water to  the can.

With these provisions, in operation, water will be pumped by this crut 
arrangement from the supply tank to  the receiver. If, instead of rotatir« 
the whole can, the vanes only be rotated, the same result will obtain.

WATER INLET

Fig. 4.—Operation of centrifugal pump illustrating centrifugal force.

Centrifugal Pump with Straight Vanes.—The first practical 
centrifugal pum p was built w ith a rotor having straight (radial 
vanes. The essential parts of a centrifugal pum p are:

NOTE.—Many people are practically acquainted with the principle of the 
centrifugal pump; that is, the force by which a body revolving around a cent« 
tends to recede from the center and with a force proportional to its velocity. Thu: 
mud is thrown from the rims of carriage wheels when they move rapidly over wet 
roads; a stone in a sling flies off the moment it is released. A bucket of water may 
be whirled like a stone in a sling and the contents retained even when the bucket 
is upside down.

WATER THROWN OFF 
BLADES BY

CENTRIFUGAL 
FORCE
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1. Impeller, or rotating member.
2. Surrounding case.

Fig. 4 shows an early centrifugal pump with an impeller having straight 
vanes. Though a very inefficient type it will serve very plainly to show 
how centrifugal puriips work.

Ques. How does the pum p work?

hns. W ater is led into the center of the impeller where it 
is set in rotation by the revolving blades of the impeller. The 
rotation of the water generates centrifugal force, resulting in a 
pressure a t the outer diam eter of the impeller and when flow 
takes place the water passes out of the impeller with consider
able velocity and pressure, and is connected in the gradually 
expanding passageway of the casing and carried through the 
discharge connection to  the point of use.

In the figure, the arrows indicate the direction of flow. Note water 
thrown off blades or vanes by centrifugal force. The analysis of what goes 
on inside a centrifugal pump in operation is quite complicated and will 
not be given here.

Centrifugal Pump with Curved Vanes.—The use of curved 
vanes was first introduced by Appold in England in 1849. 
Figs. 5 and 6 show'cover and inside of a centrifugal pum p with 
curved vanes and volute case, commonly known as a volute 
pump.

An inlet pipe connection A, to the cover (fig. 5) leads the water into the 
"eye” B of the rotating impeller.

The curved vanes C, of the impeller-direct the water from the eye to 
discharge edge D, moving the water in a spiral path. 1

As the impeller revolves, the water moves toward the discharge 
edge D. The water then enters the volute shaped passageway E, where 
it is collected from all around the impeller which leads to  the discharge 
connection F.
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COVER

Figs. 5 and 6.—Cover and section of centrifugal pump commonly called a 1 
volute pump on account of the shape of the casing. The illustrations show the 
inlet, eye, discharge, etc.

Ques. How is the volute proportioned?

.4 ns. The volute shaped casing is so proportioned as to 
produce equal velocity flow all around the circumference and 
to  reduce gradually the velocity of the liquid as it flows from the 
impeller to  the discharge.

The Volute.—By definition, a volute is a curve winding 
about and constantly receding from a center; a spiral, which 
lies in a plane (as distinguished from a conical spiral). This 
is the shape given to  the periphery of the case surrounding the 
impeller of a volute type centrifugal pump.

The casings made to  this shape form a progressively expand
ing passageway into which the impeller discharges the water. 
In  other words the volute passageway collects the water from 
the impeller and directs it to  the discharge opening.

INLET
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Ques. W hat is the object of this arrangement?

Ans. To change velocity head into pressure head.

Curvature of Impeller Vanes.— If the vanes were made to  
mathematically correct shape, there would be a different 
curve for every change of working conditions, bu t this is not

commercially feasible, because of the undue m ultiplicity of 
patterns to be carried in stock.

Fig. 7.—Method of laying out impeller vanes.

Fig. 6 shows a simple method of describing the curve of the vanes 
which works well for impellers up to  large diameters and lifts of 60 ft. or 
over.
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The m ethod is as follows:
Divide the circle into say six number of arms. Bisect each radius. The:

using this bisected point as a center and with a radius

BC =  AB +  \  of AB

describe the curves which represent the working faces of the vanes.

Classification of Centrifugal Pum ps.—M any attem pts have 
been made to  classify centrifugal pumps so as to  give a clear 
and complete tabulation; however, in numerous instances the 
result was not satisfactory. The writer believes for simplicity,! 
two classifications should be given, th a t is:

1. Elem entary classification

2. Construction classification

Adopting this m ethod the first or elementary classification! 
based on operating principles, will be given in this chapter! 
and the second or construction classification in the chapter on| 
Centrifugal Pum p Construction.

Elementary Classification
Centrifugal Pumps

Considering the basic designs of centrifugal pumps corre-( 
sponding to various principles of operations, centrifugal pumps 
may be classed:

1. W ith respect to  the shape of the casting, as
a. Conoidal
b. Volute
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2. W ith respect to  the shape of the vanes, as

a. Straight
b. Curved

3. With respect to the num ber of vanes, as

a. Single
b. Multi

4. W ith respect to  guide housing of vane, as

a. Open
b. Semi-open
c. Enclosed

5. With respect to  intake, as

a. Single admission (suction *)
b. Double “ “

6. With respect to  flow design of vanes, as

a. Francis mixed flow
b. Screw axial flow

7. With respect to  secondary or diffusion vanes, as

a. Turbine

NOTE.—The author objects to the word “suction" under any circumstances, 
out virtually nothing can be done about it, otherwise the vernacular would be 
loreign to those “ fellas” residing in districts remote from centers of learning.
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8. W ith respect to balancing, as
a. Single admission 

Balancing disc

{Doubleadmission impeller.
Back to back single admission impellers. 
Uni-directional admission impellers with balane 

ing drum.

Balancing chamber.

9. W ith respect to  stage operation, as
a. Single-stage
b. Multi-stage

10. W ith respect to  output, as
a. Large volume—low head
b. Medium volume—medium head
c. Small volume—high head

Single Stage Pum ps.—This type pum p is adapted to  installa
tions for pumping against low or m oderate heads. The singlej 
admission type pumps, as shown in fig. 8, are m ost commonly: 
used for the small sizes. Single admission pum ps are made ini 
one or more stages. The double admission pum p shown in fig.j 
9 m ay be either single or multi-stage.

Ques. W hat is the advantage of the double admission type?

A n s. The impeller is hydraulically balanced in an axial 
direction.

Ques. Why?

A n s. Because the thrust from one admission stream  is| 
counteracted by the th rust from the other.
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Ques. M ention another feature of the double admission 
single stage pump.

. Ans. I t  is adapted to  elevating large quantities of water to 
moderate heights.

Ques. W hat is the disadvantage of the single stage pump?

Ans. The head a t which it will effectively pum p against 
is limited.

S IN G L E  S T A G E

CASING

U

IMPELLER

r
SINGLE
ADM'SSION DO UBLE

ADMISSION
Figs. 8 and 9.—Single and double admission impellers. Diagram showing 

direction of flow.
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The head generated by a single impeller is a function of its tangentii 
speed. I t is possible and in some cases practicable to generate as mud 
as 1,000 ft. head with a single impeller, but for heads exceeding 2501; 
300 ft. multi-stage pumps are generally employed.

|
• IM ulti-Stage Pumps.—The m ulti-stage centrifugal pump ii[ 

essentially a high head or high pressure pum p and consistí}

M U L T I - S T A G E

DOUBLE
ADM ISSIO N

Figs. 10 and 11.— Multi-stage impeller assemblies showing path of flow from 
admission to discharge. Fig. 9 , single admission impellers, fig. 10 double; 
admission impellers.

of two or more stages depending upon the am ount of head : 
to  be pumped against.

Each stage is practically a separate pum p although they are 
in the same casing and the operating elements (impellers) are 
a ttached to  the same shaft.

The initial or first stage receives the water direct from 
the source through the admission pipe, and in operation builds
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up the pressure to  a  proper single stage am ount, and passes 
it into the next succeeding stage.

Here the pressure is increased to the capacity of th a t stage, and is 
passed on to the next stage. This process continues throughout the entire 
succession of stages, tire pressure being increased or built up in each stage 
until the water is discharged from the final stage, a t such pressure and 
volume as the pump is intended to deliver.

The diagrams figs. 10 and 11 show water flow in single and 
double admission multi-stage.

Ques. For w hat service are multi-stage pum ps adapted?

Ans. For high pressures, especially with small capacities 
or where, because of speed lim itations, the diam eter of impeller 
that would be required to  generate the to ta l head in a single 
stage is excessive.

Ques. For such pum ps how m any stages are provided?

Ans. They m ay have as m any as eight stages in a single 
casing.

Impellers.—The efficiency of a centrifugal pum p depends 
upon the form of the impeller. The vanes and all details are 
designed to  m eet given operating conditions. The num ber of 
vanes varies from 1 to  8 or more, depending upon the nature 
of the service, size, etc.

Fig. 12 shows a single vane semi-open impeller. Such design is adapted 
to special industrial pumping problems which require a rugged pump to 
handle liquids containing fibrous materials and some solids.

Ques. W hat should be noted about the num ber of blades in 
design?
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A ns. The minimum num ber necessary for proper water; 
guidance should be used.

Ques. Why?

A n s . Because a decrease in num ber of blades decreases the I 
friction head due to  vane shock.

Ques. For w hat service is the open type vane suitable?

A n s . For liquids clear of foreign m atter which would be! 
liable to  clog between impeller and stationary side plates.

SINGLE VANE

SEMI-OPEN
(CLOSED ON ONE SIDEI

Fig. 12 .—Single vane semi-open impeller.

Ques. For w hat are enclosed or “shrouded” impellers 
adapted?

A n s. They are designed for various applications. The 
shape and num ber of vanes being governed by the service 
conditions.
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A n s. W hether to use an open, semi-open or enclosed impeller [ 
depends upon the service, the value of efficiency and the 
cost.

Figs. 13 to 15 show essentials of the three types.

Ques. W hat is the adaptation of the open impeller?

A n s. I t  is suitable for handling liquids containing some 
solids, such as found in sewage work or drainage where there 
is a limited am ount of sand and grit.

Ques. For w hat service are semi-open impellers suitable?

A n s. They are adapted to  handling liquids containing sedi
m ent and other foreign m atter held in suspension.

Ques. W hat are the features of the enclosed impeller?

4  ns. The enclosed impeller m aintains a better efficiency 
but a t a slightly greater initial cost.
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In many cases where power costs are important items, the additional 
cost of the enclosed impeller pump will soon be paid out of savings, notwith
standing the life of the open impeller is likely to be somewhat longer than 
that of the enclosed type.

Axial F low —To obtain a flow in the direction of the axis 
of rotation, the propeller type impeller is used as shown in 
fig. 16.

Ques. For w hat service are propeller type impellers giving 
axial flow suited?

Ans. They are designed to  handle large quantities of water 
at no lift and low heads.

Services such as drainage, irrigation, excavation, drainage, sewage, etc.

Ques. In installation m ention a necessary requirem ent.

Ans. Submergence is necessary.

The pumping element must a t all times be submerged. In other words 
this type pump is not suitable for pumping with lift.

Mixed Flow.—Fig. 17 shows the mixed flow impeller and the 
distribution of the water passing through same. This type was 
introduced as suited to  m eet the  need for pumping large 
quantities of water a t low heads.

In the design of large capacity low head pum ps, they  were 
based on the mixed flow principle to  increase the rotative 
speeds, reduce the size and bulk of the pum p, also to  increase 
the efficiency-
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Balancing Centrifugal Pum ps.—The centrifugal pump is! 
inherently an unbalanced machine. All centrifugal pumps are | 
subject to  end th rust and some means m ust be provided to i 
counteract th is load.

A single admission impeller experiences an  unbalanced j 
hydraulic th rust directed axially toward the admission side, j 
This is due to  the vacuum  in the admission side causing atmos-; 
pheric pressure to  act on the impeller producing a thrust.

Various methods of balancing have been tried. Centrifugal j 
pumps m ay be balanced:

M IX E D  FLOW

IMPELtER

Fig. 17.—Mixed flow-type impeller.
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1. Naturally
As by opposing impellers.

2. Mechanically
As by balancing disc, etc.

SINGLE STAGE

BACK TO BACK 
SINGLE ADMISSION „ _

DOUBLE ADMISSION
Pig. 18.—Natural balancing 1. Single stage with two single admission 

back to back impellers.
Pig. 19.—Natural balancing 2 . Single stage with one double admission 

impeller.

Natural Balancing.—This m ethod is generally employed in 
double admission, single stage pum ps and on single or double 
admission multi-stage pumps.

Figs. 18 and 19 show back to back single admission impellers and a 
double admission impeller, being diagrams showing direction of the axial
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thrusts. In each combination there are two thrusts acting in an axial 
direction and opposing each other. Indicated in the figs. by P and P'.

The m ethod of opposing impellers is applied also to  multi- j 
stage pumps by various impeller arrangements.

For instance, fig. 20 shows a three stage arrangement consisting of a 
central double admission impeller and two opposing single admission end 
impellers. The arrows show plainly the opposing thrusts.

THREE  S T A G E
2 N D  STAG E 1ST STAGE 3RD STAGE

OPPOSING THRUST FORCES
Fig. 20.— Natural balancing 3. Three stage with assembly of one doubb, 

admission and'two opposed single admission impellers.

A further development of the opposed impeller balancing 
is the five stage pum p having a central double ad rru s ||| 
impeller for the first stage, two pairs of opposing back to bad 
impellers for the second, th ird  and the fourth, fifth stages.

This is shown in diagrammatic form in fig. 21. As seen there are th#s 
thrust forces P,P,P, counterbalanced by three equal opposing for® 
P 'P 'P '. This method extended to six stages is shown in fig. 22.
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Mechanical Balancing.—End th rust being due to  the dynamic 
force necessary because the  liquid enters through the eye of 
the impeller in an axial direction and leaves in a  radial direction, 
is also due to  forces acting on the  shrouds of the impeller. This 
is due to the fact th a t the  liquid in the clearance spaces is 
under pressure.

In a simple open impeller-these forces are not present, since 
there are no shrouds for the forces to  ac t upon.

F IVE  STAGE
stages '3 y 2 ' ' ' V  /4 y 5 1

OPPOSING THRUST FORCES
Natural balancing 4. Five stage with assembly of one double 

admission and two pairs of single admission opposing back to back impellers.

F>g- 23, will illustrate the  conditions in a  single admission, 
enclosed impeller pum p.

Liquid from the case, being under pressure, leaks back through the 
clearance spaces A and D, past the sealing rings C  and B, to the inlet. 
The impeller is usually cored in the rear shroud to  permit the leakage 
accumulating, to pass on to the inlet without building up a pressure there.



130 Centrifugal Pumps; Principles

There are, therefore, forces on the two shrouds equal to a  pressure acte 
on the shroud areas.

Because of the fact that there is a difference in pressure intensity 
highest a t the rim of the impeller, lowest a t the sealing rings, this press® 
is variable.

The pressure a t the holes cored through the rear shroud is not qui& 
the same as in the inlet chamber. Hence the forces on the two shroue

S I X  S T A G E

OPPOSING THRUST FORCES
Fig. 22.—Natural balancing 5. Six stage with assembly of one doub't 

admission and four single admission impellers.

will be different. The resultant force is normally greater in cleara&v
‘ 'nisispace D, than in A, so th a t the resultant thrust will be toward the in»: 

end of the pump.
As the clearances in the sealing rings increase due to normal wearij 

operation, these forces are changed and in different proportion, the 
th rust increasing with wear. In order to balance this as nearly as possij)*: 
in the design, engineers have changed the diameter a t which the sealiti; 
ring B, is placed, increasing it to reduce the area upon which the hipl 
pressure liquid acts. Obviously, if this ring were moved out to the riS;
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of the impeller, the force on the rear shroud could be so reduced as to 
change the resultant end thrust to the opposite direction, away from 
the admission.

In order to give the pump a minimum of end thrust over the length 
of its useful life, this ring is placed far enough out to reverse the thrust 
when the pump is new and has small clearances in the sealing rings. Then 
as these clearances increase with use, the thrust gradually goes down and 
finally reverses, toward the admission end. The proportions are so fixed 
that by the time this thrust becomes large enough to cause an undue load 
on the thrust bearing on the shaft, the leakage through the increased 
clearances is enough to seriously affect the pump efficiency. At this time,

BALA N C IN G  DISC
D IS C H A R G E

Fig. 23.—-M echanical b a lan cin g .
Principles involved.

Diagram of mechanical disc illustrating
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the clearance rings can be replaced at small cost, restoring the pump to
nearly its'new condition.

Balancing Disc M ethod.—As already explained, the thrust 
tendency is toward the admission side of the pum p. The object 
of the balancing disc is to  balance this th rust, by a counter 
pressure in the  opposite direction, autom atically maintained 
in proper proportions against the balancing disc.

Ques. Describe the balancing disc.

Arts. The disc C , is keyed to  the shaft back of the last stage 
impeller and runs with a close clearance between i t  and the 
stationary balance seat B.

Ques. Explain its operation.

A ns. The pum p when operating creates a pressure in space: 
A, which is slightly below the discharge pressure of the pump.; 
This pressure acts against the balancing disc C , to  counter-; 
balance the  end th rust which is in the opposite direction. The 
pressure against disc C, being greater than  the end thrust, j 
causes the  complete rotating element of pum p, together with! 
disc C, to  move slightly so th a t disc C, is moved away from: 
the seat B.

Ques. W hat is the result of the action just described?

A n  s. I t  allows a  small leakage into the balance chamber D, j 
thereby reducing the pressure in space A, which causes the; 
ro tating element to  return  to  a position where leakage past 
disc C , and seat B , is such th a t pressure in space A, just 
balances the thrust; th a t  is, th rust and balance pressure are 
in equilibrium.

The leakage between disc C, and seat B, is very slight and not of sufficient
amount to affect the efficiency or capacity of pump for a long time.
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C H A PT ER  5

Centrifugal Pumps; 
Construction

When the centrifugal pum p was introduced it was in its 
primitive form, inefficient and only intended for pum ping large 
quantities of w ater a t  low heads. Pioneers in  the  early 
development spent m uch tim e in  m aking various improvements. 
In later years th is continued until to-day the  pum p is highly 
developed and m ade in m any types to  suit a great variety of 
service requirements.

Although i t  was first thought the  pum p was only adapted 
to low heads, the  lim ited head a t  which it was possible to  
operate the earlier pum ps w ith econony has been overcome 
by connecting two or more units on one shaft and operating 
them in series, th a t  is, passing the  w ater through each un it in 
succession (in series) w ith the result th a t  the to ta l head pumped 
against is divided between the  units. This is multi-stage 
operation, all of which has. been explained in C hapter 4 on 
Centrifugal Pumps: Principles.

With a sufficient num ber of stages they  m ay be operated 
against very heavy pressures.

Although the coupling of the separate units of a multi-stage assembly 
was bulky, as they consisted of separate units coupled together, now 
the stages are very compact—all within a separate case or casting. The 
centrifugal pump gives its best results when intelligently designed for each 
specific condition of operation.
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Construction Details.—Centrifugal pumps are either sing 
or double inlet. The preference in most cases is for the doub 
inlet type because the  end th rusts are equalized whatever vari;

Fig. 1 .—View of a split casing, single stage closed double inlet impelles 
Centrifugal pump “ opened up" exposing the "works." In this construction 
the entire rotating element may be removed without disturbing the pipe 
connections or anything.
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tions of pressure m ay occur on either discharge or inlet sides. 
Various details are given representing late  practice.

The Casing.—This is frequently a  two p a rt casting split 
on a horizontal plane w ith inlet and discharge openings cast

Fig. 2.—Volute casing as made for large pumps (36 ir.. illustrated here) is 
divided along the shaft center line. One casing half can thus be removed 
without disturbing suction or discharge connections.

integral with the bottom  half. This perm its the  removal of 
the top half or cover for inspection of the  interior without 
disturbing piping connections.

An example of this type casing is shown in fig. 1 with the upper part 
raised. With the casing open various parts of the assembly are visible.
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Figs. 3 and 4.— Renewable inlet cover, cutting ring and single vane semi-open 
impeller for pumping of primary sludge. The single blade impeller rotating 
at 690 to 1,200 revolutions per minute, shears across the eccentric cutting 
ring once each revolution. A ny solids about to enter the pump impeller 
are cut info very small particles by this shearing action. The shearing edge 
of the impeller is “ Stellited" ana hollow ground to a cutting edge. The 
impeller when handling abrasive materials that are an inherent part of primary 
sludge retains its sharpness. Hollow grinding is used in order that the cutting 
edge will be self-sharpening. Radial vanes protruding from and cast integrally 
with the back of the impeller shroud insure that no particles of rags, wood, or 
rubber will pack between the shroud and the stuffing box cover to stop the pump. 
In operation, these vanes produce a partial vacuum at the stuffing box.

Impellers.—The design, of impellers varies greatly to  meet 
the great variety  of service conditions. The correct impeller 
for a given installation is of prime importance in order to  secure 
economical and satisfactory operation.

The pump here shown is a single stage double inlet type. As can be seen 
the bearings are ring oiling of bronze horizontally split. There are thrust 
collars at each bearing.

Another type casing is divided in, a  vertical plane along the 
shaft center line as in fig. 2.

The illustration shows casing without the side covers. The design is 
such that one casing half may be removed without disturbing the inlet or 
discharge connections.
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Figs. 5 and 6.—Two vane open impeller with stationary side plates which seat on 
recesses in the pump casing and cover.

Fig. 7.—Two vane semi-open impeller with vanes designed especially for 
handling paper stock of high consistencies.

Fig, 8.—Three vane semi-open non-clogging type impeller. The enclosed 
side consists of a disc extending from the hub, and with a projection on the 
back, serving as a wearing ring. The water channels formed by heavy vanes 
and disc open toward the inlet side. Relief holes through the disc, between 
wearing ring and hub, lead to the inlet eye of the impeller and equalize the 
greater part of end thrust.
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F ig s . 10 an d  11.—Closed impeller with repelling vanes for pumping sewage. 
The vanes are cast integral on both sides, and are designed to: 1, prevent 
packing of fibrous materials between stationary covers and rotating impeller; 
2, minimize circulation from discharge side of impeller to inlet side and to 
packing box side; 3. minimize wear at points of running clearance between 
stationary covers and rotating impeller,- 4, reduce internal pressure on packing 
box, thus making outside seal to packing box more effective.

F ig . 9 .— Four vane prcr 
peller type impelle 
for vertical pump de- 
signed  to handle 
large quantities d 
water at low heads. 
Such as are encoun
tered in irrigation, 
drainage, sewage, 
sfo ring  w ater and 
condenser circulating 
work.
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F ig . 12.—Closed double inlet impeller. 
In machining, the impeller is finished 
smooth all over, the exterior surfaces 
being machine finished and polished, 
the interior being made smooth by 
chipping and filing.

?*" I.* e?ncl T4;— Enclosed double inlet impeller and wearing ring. The 
impeller is cast in one piece of bronze except in cases of pumping liquids 
alFo's"9 5P0C'a ' me,a^' suck as chrome, monel, nickel or other suitable

I ■ ■ - I
Bfei.; -tij.v- r \  ‘ i f -  • -• ’V 't ' • '  : ' 'M  r tflii

k S K  kM  ■ ■ : ■: fe ’ 5;S i -; «  ' ■ - i ■ m  -
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A high degree of efficiency can be obtained with open in 
pellers under certain conditions by carefully proportioning tt 
curvature of the blades and by reducing the side clearances to 
minimum with accurate machining of impeller edges and sid 
plates.

In  general, however, more efficient results can be obtaine 
by the use of enclosed or shrouded impellers. Various type

.  J
F ig . 15.—Enclosed non-binding type impeller accurately machined and b# 

anced to insure freedom from vibration. As shown the impeller has pump® 
vanes on the back wall, following the same curvative as the main vanes. The* 
prevent binding due to the entrance of solids or sem-solids between the bod 
wall of the impeller and the head cover, and at the same time reduces tw 
pressure on the stuffing box.

of impellers are shown in the  accompanying illustrations figs 
3 to  14. Their characteristics and adaptation being explained 
in the tex t under the illustrations.
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I t  should be noted tha t single ball bearings are the exception, most 
pumps being provided with double ball bearings.

Shaft Assembly.—Referring to  fig. 18, the shaft is accurately 
key seated a t  center and on the driven to  receive the impeller 
and pin and rubber bushing flexible coupling.

The shaft is protected against corrosion or abrasive action of the liquid 
pumped by means of centrifugally cast bronze shaft sleeves which f i l l  
against the impeller hub and are sealed by a thin gasket.

Fig. 18.— Complete rotating element with double inlet closed impeller, seal»] 
ball bearings intact.

The shaft sleeves are locked on the shaft by means of a heavy sleeve nut |  
which is threaded to the shaft outside the stuffing box, and held in place J 
by a special hollow head set screw.

This unit is so designed and placed that in addition to locating the shaft 
sleeve, it forms a bearing puller whereby the ball bearings may be removed 
from the shaft in dismantling the pump.

The complete ro tating element with sealed ball bearings] 
is plainly shown in the above illustration.
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F ig . 21.—Single admission single stage enclosed impeller pump. Sections! 
view showing stuffing box, ball bearings, wearing rings, etc.

Stuffing Boxes and Glands.— In fig. 17, 24, is one of the 
glands, 16, packing of one of the stuffing boxes. The assembly 
of gland and box is usually known as a  stuffing box. k 
the  construction shown in fig. 17, the  glands are m ade of hard 
bronze and are split. The two halves are held together by 
means of bronze clamps. The glands are splash-proof and so 
designed th a t all drippings fall into the drain pocket.

W earing Rings.—Removable casing and impeller rings are 
built into the pum p. W ith respect to  m aterial of this construc
tion, casing rings are cast iron and have streamline casing. They 
are held in place by a semi-circular tongue fitting into a groove 
in the lower half casing.

Impeller rings are of hard bronze, machined flat and pressed onto tk 
impeller where they are locked in place by threaded keys. Clearance 
between these rings are such as to insure against excessive leakage andtc 
reduce wear to  a minimum. •
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'?■ 24.—Vertical single stage volute pump with parts numbered and list which 
ls as follows: 1, casing; 4, bearing lock nut; 5, bearing lock washer; 7,
grease cup; 9, thrust bearing; 10, thrust bearing cover; 15, shaft sleeve; 16, 
packing,- 17, shaft; 20, impeller; 21, impeller key; 23, sealing cage; 24, 
gland; 26, line bearing cover; 27, line bearing; 30, coupling key; 31, driven
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Vertical pum ps are generally m ade w ith single inlet and 
since the weight of the impeller a n d  shaft requires a  thruS 
bearing, this can be proportioned to  also take  care of tie 
unbalanced pressure, due to  the single inlet feature.

An example of vertical pum p construction is shown id 
fig. 24.

F ig . 25.—Disassembly view showing parts of belt drive single stage pump 
The parts a re : 1, shaft; 2, shaft collar; 3, hub gland; 4 , hub (botlor
half); 5, hub (top half); 6, hub brass; 7, hub brass shim,- 8, hub brass adjusting| 
screw; 9, bearing stand; 10, pillow block; 11, pillow block cap; 12, pulley 
13, pump shell; 14, impeller; 15, pump disc; 22, bed plate.

The design is adapted to service when very little change in capacity 2 j 
designed for varying heads, this feature being possible as a  result of tfej 
steepness of the characteristic curve.

Gearing is seldom advisable except for vertical pumpM 
where bevel gears m ay be used for transm itting the necessary. 
power from a horizontal to  a vertical shaft.

Fig. 24.—Text continued.
half coupling; 34, coupling nut; 38, impeller nut; 51, suction head; 52, bearing} 
bracket; 53, bearing spacer sleeve,- 54, discharge head; 55, suction guide ring 
56, impeller bushing ring; 57, sylphon,- 58, sylphon ring; 59, sylphon spring.
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An example of this practice is shown in fig. 26. Prior to the introducti' 
of this drive, most of the deep well turbine pumps were operated jt  
electric motors, and the cost of operation in many districts was excess 
on account of fixed stand-by charges.

Fig. 28.— Right angle gear drive designed as a connecting unit between th 
deep well turbine or sewage pump and the power unit.

In recent years the development of the gas, gasoline and diesel engii® 
has made rapid progress not only in design, but in cost to  the consume 
and these various power units which may be conveniently hooked up through j 
the angle gear drive.
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C H A PT ER  6

Centrifugal Pumps; 
Operation

Assuming th a t the proper pum p has been selected for the 
service requirements, and correctly installed and if a few simple 
operating,rules be followed the pum p will give good service 
end will be reasonably trouble free. There are still a few 
engineers who are not entirely familiar w ith the operation of 
centrifugal pumps and the information given in this chapter 
will be found helpful.

Location
The several im portant points in selecting the location for the 

Pump are:

1. Accessibility

2. Light

3- Height of lift

4- Piping
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The pum p should be located where it  is easily accessible, 
th a t is, room all around the pum p and where there is enougi 
light th a t the packing and bearings can be readily inspected

A centrifugal pump does not require much attention, but if it be a t  
conventiently accessible it probably will receive no attention until sometiu 
happens resulting in a break-down requiring major repairs.

Ques. W hat is the practical static  lift limit of a centrifuge 
pum p pumping cold water? 

A n s.  About 10 feet.

Pipe friction, foot valve and strainer losses may amount to an additfc 
4 or 5 ft. If the water be hot the inlet lift must be reduced. For examp 
water a t 212° Fahr. must flow to the pump under a head in amount im
pending on many conditions involved in the specific installation.

Temperature and height of the pump above sea level affects the lift

Liquids heavier than water can be lifted but shorter distance than r®' 
depending upon their density.

Ques. M ention precautions to be taken in laying out at. 
new installation. 

A n s . The elevation of the pum p with respect to  the k- 
! of the liquid to  be pumped should be such th a t the dyna£ 

lift will be within practical limit. 

Ques. How should the pum p be located with respect to uf 
piping? 

A n s . The location should be such th a t the piping laf5 
will be as simple as possible.
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Foundation
The foundation m ay consist of any structure sufficiently 

heavy to afford perm anent rigid support to  the full base area 
of the bed plate and to  absorb any normal am ount of strains 
and shocks th a t m ay be encountered in service.

Concrete foundations built up from solid ground are the 
most satisfactory.

In building the foundation make allowance for grouting between rough 
surface of concrete and underside of base.

Foundation bolts of the specified size should be located 
according to  drawings subm itted prior to  shipm ent of unit 
and each bolt should be surrounded by a pipe sleeve three 
or four diameters larger than  the bolt.

After the concrete is poured, the pipe is held solidly in place 
while the bolts m ay be moved around to  conform to  the holes 
in the bed plate.

Ques. How should a unit be placed when m ounted on steel 
work or other structure?

Ans. It should be placed directly over, or as near as possible 
to the main members, beams and walls and be so supported 
that the base plate cannot be distorted and alignment disturbed 
by any yielding or springing of the structure or the base plate.

Ques. W hat allowance is made for grouting?

Ans. The bottom  of the bed plate should be about %  in. 
above the top of the  foundation to  allow room for grouting.
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Installation
Leveling.—Pumps are generally shipped mounted, and i: 

is usually unnecessary w ith units of m oderate size to removi 
the pum p or driver from its base plate when leveling. Tlx 
unit should be placed over the foundation supported by shot: 
strips of steel plate and wedges close to  the foundation bolt; 
allowing for grouting from M to  2 ins. space between the bottor 
of the base plate and the top of the foundation.

Remove coupling bolts before proceeding with leveling of un: 
and alignment of coupling halves.

Employing a small spirit level, the projecting edges of pads supports 
pump and motor feet when scraped clean can be used for leveling the b» 
plate. Where possible, it is preferable to place the level on some expos: 
part of the pump shaft, sleeve or planed surface of casing.

Adjust the wedges under base plate till pump shaft is level and fians: 
of suction and discharge nozzles, vertical or horizontal as required, at saSi 
time observe tha t the pump is a t the specified height and location.

While proceeding with the leveling of pump and base, maintain at bj 
same time accurate alignment of the unbolted coupling halves betvK 
pump and driver shafts.

Ques. Describe the procedure followed when checking drive] 
and driven shaft alignment.

A n s . Place a straight edge across the top and side of m 
coupling, and a t the same time check the faces of the couplfej 
halves for parallelism by  means of a tapered thickness gat® 
or feeler gauges, as shown in figs. 1 and 2.

Ques. W hen does exact alignment exist of coupling halve: 
which are true circles, of same diam eter and the faces flat?

A n s . Exact alignment exists when the distance between tfej 
faces is the- same a t all points and a straight-edge will & 
squarely across the rims a t any point.
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and 2 .— Alignment of pump and driver shafts with aid of straight edge 
and feelers at coupling.
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Ques. Describe test for parallelism of faces.

A n s. Place a straight edge across the top and side of the 
coupling and a t  the same tim e check the face of the coupling 
halves for parallelism by means of a tapered thickness gauge 
or feeler gauges.

Turbine Drive.—In cases where pumps are driven by steam 
turbines, final alignment should be made with the driver 
heated to  its operating tem perature. W here this is no: 
possible a t  the tim e of alignment, suitable allowance in the 
height of the turbine and shaft when cold should be made.

Similarly, if the pum p handle hot liquids, allowance must 
be made for the shaft being elevated when the  pum p expands.! 
In  any case the  alignment should be checked when the unit 
is a t operating tem perature and adjusted as required, before| 
placing the pum p in service.

The application of heat to the steam and exhaust piping results ¡9 
expansion; the installation must be so made that the turbine nozzles ait 
not subjected to piping strains.

M otor Drive.—No heat allowance is made for electric 
motors. However, the m otor should be operated alone ifj 
possible before aligning the pum p so as to  determine the 
m agnetic center of the rotor. If this be not possible the rotor j 
of m otor should be pulled over and pushed back to  determine} 
the collar clearances, and then  the rotor placed in mid-position j 
for aligning.

If the faces be not parallel, the thickness gauge or feelers will show a | 
variation a t different points. If one coupling be higher than the other-; 
the amount may be determined by the straight-edge and feeler gauges. ;
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Ques. Describe test for m anufacturers’ tolerances.

Ans. In checking the  trueness of either coupling half, 
revolve it, holding the other coupling half stationary  and 
checking alignment a t  each quarter tu rn  of the half being 
rotated. Next revolve and check alignment of the half 
previously held stationary. A variation w ithin m anufacturing 
limits may be found in either of the half couplings; proper 
allowance for this m ust be made when aligning the unit.

Space Between Faces of Couplings.—The clearance between 
the faces of couplings of the pin and buffer type and the ends 
of shafts in other types should be set so th a t they cannot touch, 
rub or exert a pull on either pum p or driver.

Ques. How does the am ount of this clearance vary?

ffns. I t  m ay vary  w ith the size and type of coupling used. 
The best rule to  follow is to  allow sufficient clearance for un
hampered endwise movement of the shafts of the driving 
element to the limit of its bearing clearance.

On motor driven units, the magnetic center of the motor will determine 
the running position of the motor half coupling.

Ques. How should th is'position  be checked?

Ans. By operating the m otor while disconnected.

Ques. ’ W hat check should be made while m otor is running? 

Ans. Check direction of rotation.

If current be not available, move motor shaft in both directions as far 
as bearings will permit then adjust shaft centrally between these limits, 
thereafter assembling the unit with the correct gap between coupling 
halves.
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Ques. W hat is the next operation after the unit has been 
accurately leveled and aligned?

A n s . Grouting.*

Grouting.—By definition grouting is: The process of pourwi 
a mixture of cement, sand and water into the voids of stone, 
brick or concrete work either to give a solid bearing or to fasten 
anchor bolts, dowels, etc.

Ques. W hat is the usual mixture for grouting?

A n s . One p a rt pure cement, two parts sand and enough 
water to  cause the m ixture to  flow freely under the bed plate.

Ques. Describe the operation of grouting.

A n s. A  wooden form is built around the outside of the bed 
plate to  contain the grout and provide sufficient head to  assure 
a flow of the m ixture under the entire bed plate.

Ques. How long should the grout be allowed to  set?

A n s . Two days (48 hours). j

Ques. W hat is done when the grout becomes hard?

A ns. The holding down bolts should be finally tightened: 
and the halves of coupling re-checked.

Inlet Piping.— In a new installation it is advisable to flush j 
inlet pipe w ith clear water before connecting same to  pump-

*NOTE.—The bed plate isxordinarily grouted before the piping connection: 1 
are made. However, in some special cases, the reverse procedure is permissible’;
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Ques. W hat should be noted w ith respect to  the inlet line?

4ns. W ith the exception of m isalignment, m ost troubles 
with individual centrifugal pum p installations can be traced 
to faults in the inlet lines.

Accordingly the correct installation technique with respect to  the inlet 
piping is important.

Ques. W hat should be noted as to  size of the inlet piping?

Ans. The inlet pipe should not be smaller than  the inlet 
opening of the pump.

It should be as short and direct as possible. In cases where a long inlet 
line cannot be avoided, the size of the piping should be increased. Air 
pockets or high spots in a pump inlet line will invariably cause trouble. 
The inlet piping may be level, preferably there should be a continual rise 
without high spots from the source of supply to the pump.

Ques. How deep should the end of the inlet be submerged 
when the supply liquid is a t its lowest level?

4ns. Large pipes are usually submerged four times their 
diameter while small pipes require from two to  three feet 
submergence.

Ques. After installing inlet piping w hat should be done?

4 ns. I t  should be blanked off and hydrostatically tested 
for air leaks before starting  up.

Ques. W hat fitting should be attached to  the end of the 
inlet pipe and why?

' 4ns. A strainer to  prevent lodgment of foreign m aterial 
in the impellers.
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Ques. W hat should be the net area of the strainer?

A ns. Three to  4 times the area of the inlet pipe.

Ques. W hat is understood by the net area of a strainer? 

A ns. The clear and free opening through the strainer.

If the strainer be likely to become frequently clogged, an accessible 
place should be selected for the inlet pipe. For large pumps, screere 
should be placed a t the entrance to the inlet well.

Ques. "What else besides a strainer should be attached to the 
end of the inlet pipe and why?

A ns. A foot valve for convenience in priming or where the 
pum p is subject to in term itten t service.

Care should be used in the selection of the size and type of foot valve 
in order to avoid excessive friction loss through the valve.

Do not under any circumstances use an ordinary swing check valve 
as a foot valve.

Discharge Piping.—The discharge piping like the inlet! 
piping should be as short and free of elbows as possible to | 
reduce friction. A check and gate valve should be placed: 
close to  the pump.

Ques. 'What is the purpose of the check valve?

A n s. To protect the pum p casing from breakage due to 
water ham m er.

Ques. W hat is the idea of the gate valve?

A n s. To shut off the pum p from the discharge piping in I 
case of inspection or repairs.
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Ques. M ention another function of the check valve.

in s . On pumps having no foot valve it prevents the pum p 
running backward if the driver should fail to  operate.

Ques. After installing the inlet and discharge piping what 
should be done?

Ans. The alignment should be carefully re-checked.

Pumps Handling Hot Liquids.—Special types of m ulti-stage 
pumps for handling very hot liquids are constructed w ith a 
key and key way on lower half casing feet and base. One end 
of the pump is securely bolted while the other on certain units 
is bolted with spring washers under the  nuts on casing feet, 
allowing one end to  move laterally when casing expands. 
Standard designs are do welled a t the inboard end, certain 
special hot liquid multi-stage pum ps are dowelled a t  the 
thrust bearing end either in the ordinary m anner or with 
the dowels crosswise; dowels a t the other end, if used, are fitted 
in a similar m anner to  the key and key way, i.e. parallel to 
pump shaft, to  allow the casing to expand when heated.

Ques. W hat test should be made when handling hot liquids?

Ans. The nozzle flanges after the unit has been in service 
should be disconnected to  check in which direction the expan
sion of the piping is acting, correct for the effect of the strains 
us required.

Jacket Piping.—All multi-stage pum ps employ jacketed or 
separately cooled th ru st bearings. W hen the pum p handles 
hot liquid make certain th a t  independent jacket or oil cooler 
water piping is connected.
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Ques. W hat control should be provided?

4 n s .  For the  purpose of observing whether the  water be 
flowing, and for the regulation of the am ount, it is good practice 
to  pipe the discharge from jacket or cooler so th a t it will have a 
visible flow into a funnel connected to  a  drain.

Drain Piping.—All drain and drip connections should be 
piped to  a point where leakage can be disposed of.

Operation
Before starting a centrifugal pum p there are a few prelimi

naries th a t should be done.

Ques. W hat should be done first?

A n s. Test the driver for direction of ro tation with the 
coupling halves disconnected. The arrow on pum p casing 
is correct for rotation.

Ques. W hat a tten tion  should the ball bearing receive?

A n s. Supply ball bearings m oderately with a  good grade of j 
acid free lubricating grease.

Use the grade lubricant recommended by the manufacturer of the j
pump.

Ques. How much oil should be placed in the oil lubricated j 
bearings?

4 n s .  Fill level w ith the overflow.
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Ques. W hat preliminary atten tion  should be given to  
babbitted bearings?

Ans. Flush thoroughly w ith kerosene, and fill to  operating 
level with a high grade lubricating oil.

The operating level is generally controlled by an overflow,

Ques. W hat piping should receive attention?

in s .  The cooling w ater piping to  th rust bearing housing.

Do not use cooling water on bearings which are warm to the hand only;
use only sufficient water to  keep the lubricant a t a safe working temperature.

Ques. W hat periodic a tten tion  should be given?

■ in s .  Flush the w ater supply freely to  remove particles of 
scale, etc., which m ight entirely stop the flow on a thro ttled  
valve.

Rotor M ust Revolve Freely.—Final inspection of all parts 
should be carefully m ade before starting; it  m ust be possible 
to revolve rotor by hand.

Priming.—Do not operate a  centrifugal pum p till filled 
with water* as if run  dry there is danger of injuring internal 
parts which m ust be liquid lubricated.

There are several m ethods of priming centrifugal pum ps, viz:

1. Ejector
2. Hand lift pum p
3. Foot valve w ith top discharge.

*NOTE.—Some specially constructed pumps are designed to be started empty; 
“quid from an external source is used to seal the stuffing boxes and lubricate the 
impeller wearing rings and shaft sleeves in way of stuffing box packing.
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Priming by E jector.—Fig. 3 shows a horizontal pum p fitted 
with a discharge valve and a steam  ejector. The discharge 
valve being closed, the steam  inlet valve to  the ejector being 
opened first, and then  the valve between the ejector and the 
pump opened, the air in the pum p and pipes will be exhausted, 
and the water drawn up into them .

Ques. When the ejector is placed near the pum p, how is 
complete priming indicated?

4 ns. By water issuing from the ejector.

Ques. W hat should be done in shutting off the ejector?

in s .  Close the valve between it and the pum p first, and 
the steam inlet valve last.

Ques. How should the  ejector be piped when it is not 
convenient to  place it near the pump?

Ans. The air pipe m ay be extended, in which case it is 
necessary th a t a  slightly larger air pipe be used than  when the 
ejector is placed near the pump.

Priming by Hand Lift Pump'.—Fig. 4 shows a check valve 
used in place of the discharge valve and a hand pum p (or 
power air pum p used in place of a steam  ejector), the priming 
being accomplished similarly to  the m ethod in fig. 3.

Ques. W hat provision should be m ade in the air pipe?

4ns. A valve should be placed in the air pipe which should 
be closed before starting.
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Ques. W hat kind of hand pum p is used?

A ns. An ordinary kitchen lift pump.
I t should be piped as shown in fig. 4, with the air pipe forming a loop:

little above the discharge.
It is only necessary to put a little water into this type of pump to wate

seal it, and make of it a very good air pump.

Ques. W hat is the object of the loop?

A n s . I t  prevents the w ater escaping.

Ques. W hat is used on large pumps to  indicate complete 
- priming?

A ns. A water glass is used similar to  those on boilers.
I t  is placed near the top to the pump casing.

Priming with Foot Valve and Top Discharge.—Fig. 5 shows 
the m ethod of using a foot valve, in which case the pump 
and inlet pipe are to  be filled with water through the discharge 
or top of the pum p from any convenient source, such as a smal 
tan k  or hand pump, which can be piped to  the top of the 
centrifugal pump.

Where the inlet pipe is long, there should be a t least 5 feet 
of a  discharge head on the pum p to prevent the water being 
thrown out of the runner before the water in the inlet line 
begins to  move, and thus cause failure to  s ta rt.

Ques. How is the air expelled from the arm?

A n s . T urn  the rotor around once or twice by hand.

NOTE.—When a power driven air pump is used for priming a water trap * 
other means should be placed in the air pipe to prevent water entering and possibly, 
breaking the primer. Where the valves on the air pump are large this may 1* 
omitted.
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Ques. How is complete priming indicated on a vertical 
pump?

Ans. When check or discharge valves are used, a  vacuum 
gauge placed on the air priming pipe a t the head of the well 
or pit will show when the  pum p is prim ed and avoid climbing 
down into the p it or well.

Ques. M ay a steam  air ejector (as in fig. 3) be operated by 
water?

Ans. Yes, where a water pressure of 30 to  40 lbs. is avail
able.

This, however, requires a special ejector.

Ques. Is it  possible to  have autom atic priming?
in s .  Yes.

Ques. Describe the system.
in s .  For autom atic priming a pressure regulator m ay be 

connected into the discharge line. This regulator starts  
an air pump autom atically if the m ain pum p lose its prime 
and stops the priming pum p when priming is completed.

Figs. 6 and 7 show two other automatic priming arrangements.

Starting.—Prelim inary to  starting for the first tim e with oil 
lubricated bearings, w ith the oil cold and bearing surfaces 
comparatively dry, it  is im portant to  revolve the rotor a few 
times either by hand, or w ith the pum p filled w ith w ater, by 
momentarily operating the  starting  switch (if th is procedure 
do not overload the m otor). This s tarts  a  flow of oil to  the 
bearing surfaces. Pum p m ay be operated for a  few m inutes 
with discharge valve closed w ithout overheating or damage.

NOTE.—A vacuum gauge may be used in the methods of priming shown in 
“gs. 3 and 4, but care must be taken to shut off the gauge before starting the pump, 
38 pressure will ruin a vacuum gauge.
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n  Check valve 
I  'P/oat 
■Drain
L Discharge 
1 switch

Priming 
valve-y

Drain 
p i pea

■Float
Switch.

!

Air veuvePruning switch* '

Fig. 6.— Float controlled automatic priming system. In hook up, a prinwi 
valve is connected between the top of the pump's casing and a float-controlle- 
air valve. The air valve is connected to a priming switch, the contacts of whia 
are in series with the control circuit of the main motor starter. A  check vaht 
in the discharge line operates a switch that shunts the priming switch. 1« 
operation, as long as the pump is not primed, the priming valve and c 
valve are in the positions indicated. When the float switch closes, it sic” 
the priming pump, which continues in operation until the main pump is prime: 
and water has come up high enough in the float chamber to close the primini 
switch. Closing the priming switch starts the main pump, and the primin; 
pump is stopped by a contact that is opened when the pump-motor-conte 
circuit is energized. When the main pump is running, the discharge ched 
valve is held open and the contacts on its switch are closed to complete- 
holding circuit for the pump-motor contactor, around the priming switd 
This switch allows the priming switch to open and not shut down the puw? 
A  number of small holes in the priming valve plunger permit air to pass free’ 
during the priming operation. These holes are so proportioned that wher 
priming has been completed and the pump started, the pressure develop 
by the pump forces the plunger to its seat, thereby cutting off communicate!' 
to the priming pump. When the priming line is sealed, the water drois 
from the float chamber and the priming switch opens, but the pump-moK 
contactor is held closed by a circuit through the discharge valve switch. W f 
the float switch opens, it shuts down the main pump. It will be noted thatt- 
float switch starts the priming pump when it closes and stops the centrifus- 
pump when it opens.
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Ques. W hat should be done now? 
-4ns. Check various items.

An extended tryout may be necessary on some installations and if this 
be necessary keep the vent valves open to  relieve pocketed air in the pump 
and system. This circulation of the water prevents the pump becoming 
unduly heated.

?' 7’—Vacuum tank used as reserve to keep main pump primed. The system 
includes a motor-driven air pump and a vacuum tank connected between the 
section of the air pump and the priming connections on the centrifugal pump. 
I he air tank serves as a reserve on the system so that the vacuum producer 
need only be started intermittently. A  vacuum switch starts and stops the 
vacuum producer at the predetermined limits of vacuum. An air trap in the 
line between the pump to be primed and the vacuum tank prevents water 
rising into the vacuum system after the pump is primed. A ir  is drawn 
irom the pump suction chamber whether the pump be idle or under vacuum 
or in operation. The priming pipes and air-trap valves are under vacuum 
to Insure that the centrifugal pump remains primed at all times. Modifications 
°r this system are also used for priming pumps handling sewage, paper stock, 
sludge or other liquids carrying solids in suspension.

Ques. When satisfied the pum p m ay be cu t into the  line, 
what is done? 

in s .  Close vent valves and open discharge valve slowly. 

Ques. W hy is the pum p started  with discharge valve closed?
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A n s . Because when the discharge valve is closed the pum; 
operates a t from only 35 to  50 per cent of full load.

Q ues. Under what conditions m ay the pum p be started witl 
discharge valve open?

A n s. In  cases where the liquid on upper side of discharge 
check valve is under sufficient head for starting  purpose;.

F ig . 8 .— Diagram showing direction of rotation of impeller.

Ques. In  starting  w hat a tten tion  should be given to glaai 
packing?

A n s . I t  should not be too tight. 
Ques. Why?
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Ans. As the packing heats up it will expand and m ay cause 
burned out packing and scored shafting.

It is best to have the packing leak a t first, and then after it becomes 
warmed up and worn in a bit it may be tightened.

Ques. Is a  slight am ount of leakage advisable and why? 
4ns. Yes, because i t  shows th a t the w ater seal is effective 

and that there is no undue binding; it  also keeps the glands 
and shaft cool.

fig. 9 .—Water seal cage. For certain liquids and for high temperatures specific 
types of packing are required. For general use soft asbestos graphited pack
ing is recommended, for either hot or cold water service. Do not use flax 
Packing or metallic packing on centrifugal pumps having bronze shaft sleeves 
?s rapid wear of the sleeves may result. Each ring of packing should be 
inserted separately and pushed as far into the stuffing box as possible by 
means of the gland. The split of each successive packing ring should be placed 
90° apart. After the second or third ring is inserted the water seal cage 
should follow so as to bring the cage directTy under the water pipe connection 
os shown.
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Ques. How m ay a pum p be safely operated a t low capacity?

Ans. By installing a perm anent by-pass from the discharge 
to the inlet of a size equal to  K  the size of. discharge pipe.

Ques. How are hot well pumps started?

Ans. Open inlet and discharge valves and valves on in
dependent stuffing box seals before operating.*

Attention While Running.—Except for the bearings and the 
glands, there is nothing on a centrifugal pum p th a t  requires 
attention while running, once it  is operating properly. All the 
attention required while running is to  see th a t the proper oil 

| is supplied to the bearings, and th a t it is changed a t proper 
intervals.

Centrifugal pumps should operate for long periods with practically no 
attention other than to observe tha t a t all times there is a drip of liquid 
from the glands, and the changing of the lubricating oil a t regular intervals.

Ball bearings should be examined and the lubricant changed at intervals 
not exceeding one year.

Stopping.—Norm ally when there is a check valve in discharge 
line close to  pum p, it  is shut down by first stopping the m otor, 
securing until again required, by closing the valves in the 
following order:

1- Discharge
2. Inlet
3. Cooling water supply
4. Any other points communicating with the system.

♦NOTE.—Usually the air extraction apparatus is in service before the hot weit 
Pump is started, the main turbine is at the same time being heated. This provides 

accumulation of water in hot well; if allowed to collect above level of hot well 
gauge glass, observe that the steam jets or other extracting apparatus do not cn- 
cmla water: ^ is would render them inoperative. As soon as there is a supply of 
anaensate flowing to hot well, pump may be started and the air valves on top of 

Hwnp opened as pump comes up to speed. The air valves should then be closed.
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Ques. When stopping in this m anner m ust the discharge ga 
valve be open?

A n s. As a rule no.

In some installations, however, surges in the piping may impose hes'
shocks on both lines and pump, when the flow of high pressure water
arrested. In such cases, it is good practice to first shut the dischargege
valve; this entirely eliminates shock.

Ques. W hat happens after stopping a pum p and it remaii 
idle some time?

A ns. I t  will gradually lose its priming.

Ques. How does this happen?

A n s. I t  will partly  drain through the glands.

Ques. If pum p be required for emergency use and be alwaf 
prim ed, w hat should be noted about valves on stopping?

A n s . I t  is not necessary to  close inlet and discharge valves 
Under this condition, the glands m ay leak due to  sustains: 
pressure on a stationary shaft. Do not tighten the gland nut 
unless prepared to  loosen them  again a t starting.

Troubles
Abnormal Conditions.—Pum ps, when in good operatic 

condition, run  smoothly without vibration. The bearin? 
operate a t  a  constant tem perature which is governed some
w hat by the location of the units. This temperature M
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be as low as 100° Fahr. b u t an operating tem perature m ay 
vary with the pum p capacity, being usually maximum tem pera
ture at minimum flow.

Ques. If a pum p for any reason do not contain liquid or 
become vapor bound, w hat happens?

Ans. There will be vibration due to  contact between station
ary and revolving parts and the pum p m ay become overheated.

Vapor may blow from the glands and in extreme cases thrust bearing 
may suddenly increase in temperature and be damaged due to rotor being 
forced hard in one direction.

1'
Ques. W hat should be done in the case of overheating only, 

due to a vaporized condition and the rotor has not seized?

dns. Open all vents and re-prime or flood liquid into pum p. 
Do not admit cold or com paratively low tem perature liquid 
to a heated pum p quickly, as this m ay result in fracture or 

. distortion of parts. The only condition under which an  over- 
i heated pump m ay be quickly p u t on the  line is when an emer

gency exists, such as the need to  save a boiler from accident.
r  '  . - '

Ques. Give another cause for vibration.

Ans. I t  results from excessive wear on pum p rotor or in 
pump bearings which causes pum p and m otor shafts to  get 
out of alignment.

Under these conditions defects and errors should be corrected a t the first 
opportunity.

Ques. W hat should be done when a ro tor has seized?

Ans. I t  is necessary to  completely dismantle and rectify 
the parts by filing, machining or replacem ent, as required.
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Locating Troubles
The difficulties which m ay be experienced with centrifug 

pum ps, and their causes, are listed here, as follows:

Insufficient Capacity or Pressure and Failure to Delive 
W ater—

1. Pump not primed.

2. Speed low.

3. Total dynamic head higher than tha t for which pump is rated.

4. Lift too high (the normal lift is 15'-0").

5. Foreign material in impeller.

6. Wrong direction of rotation.

7. Excessive amount of air in water.

8. Air leakage in inlet pipe or stuffing boxes.

9. Insufficient inlet pressure for the vapor tension of the liquid.

10. Mechanical defects.
a. Wearing rings worn

b. Impeller damaged

c. Casing gasket defective.

11. Foot valve too small or restricted by trash.

12. Foot valve or inlet pipe not immersed deep enough.

Pump Loses W ater After Starting.— 1. Air leaks in inis 
pipe.

2. Water-seal pipe plugged.

3. Lift too high (over 15 ft.).

4. Excessive amounts of air or gases in water.
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Pump Overloads Driver.— 1. Speed too high.

2. Total dynamic head lower than rating—pumping too much water
3. Liquid pumped of different specific gravity and viscosity than t! 

for which pump is rated.
4. Mechanical defects.

SIGHT- 
FEED OILER

% EXBOW

Fig. 13.—Sight feed oiler for shaft bearing of deep well pump.

Pump Vibrates.— 1. M isalignment.

2. Foundation not sufficiently rigid.
3. Foreign material in impeller causing unbalance.
4. Mechanical defects.

a. Shaft bent.
b. Rotating clement rubbing
c. Worn bearings.
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A Few Pointers.—Always run the pum p in direction of 
arrow cast on case. Centrifugal pumps can be run  only in 
one direction. During the operation, stuffing boxes and bear
ings must be inspected occasionally. The centrifugal pum p 
does not require any other a tten tion . If the pum p is to  be idle 
for long periods, i t  should be taken apart, cleaned and oiled. 
This prevents parts rusting together and preserves their good 
condition. If pum p be exposed to  freezing tem perature, it 
should be drained immediately after stopping.

Ifs
A few pointers are here given for various abnormal conditions 

as suggested by Union.—

I f  after starting the pump it throw a little water a t the first few revolu
tions, and then churn and fail to discharge more, it is just evidence that 
the air was not all out of the pump and pipes, or the lift too great, or a 
leaky pipe, or a long inlet pipe and insufficient head.

I f  when first started the pump throw a full stream for a few minutes, 
and then fail, it is caused by failure of supply or water receding in the w>ell 
below the lift limit, which in a well is best determined by a vacuum 
gauge placed on the inlet elbow of the pump. The remedy for this is to 
lower the pump, thus reducing the lift.

I f  the pump deliver a full stream of water a t the surface, or level 
of the pump, but fail to pump a t a higher discharge point, the speed of 
the pump is too low.

1
I f  the pump start a full stream, and then the discharge decrease very 

slowly until the pump fails to deliver any water, it is caused by an air 
leak at the packing gland.

I f  the pump deliver a full quantity for a few hours and fail, the speed 
and water supply being unchanged, the inlet pipe or impeller is obstructed.
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I f  when running there be a heavy vibration, the shaft has been sprat 
the pump is out of alignment, or an obstruction has lodged in one side 
the impeller.

I f  the bearings, heat unduly, the belt is unnecessarily tight, the beam 
lack oil, or there is an end thrust.

I f  hot liquids are to be pumped the lift should be as small as possib 
on account of lowering the boiling point under vacuum and consequei 
loss of priming from the presence of vapor.

I f  water discharge into a sump or tank near the end of the inlet pif 
there is danger of entraining air into the inlet pipe.

I f  a pump be speeded up beyond its maximum rating to increase caparit; 
it will result in a waste of power.

I f  a pump remain idle for some time, revolve rotor by hand once a \yeek- 
for an extra long period it should be taken apart, cleaned and oiled aspR 
viously instructed.

Maintenance and Repair
In  a lateral direction liberal clearances are provided between 

ro tating  and stationary  parts; this allows for slight machining 
variations and expansion of casing and rotor when heated.

All stationary  diaphragms, wearing rings, retu rn  channels, 
e tc ., which locate in casing or other stationary p a rt, are made 
only a few thousandths less in diam eter than  the bore of casing, 
which is machined w ith a 1/32 in. thick gasket between the 
flanges. The casing m ust not bind on these stationary parts 
when the flange nuts are tightened.

All running clearances such as those a t wearing rings, 
according to  one m anufacturer, are made from one to  one and 
one-half thousandths per in. in diam eter, depending on the 
actual location of the part, the m aterial employed and the 
bearing span.
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Lateral End M ovem ents.—Lateral clearance between rotor 
and stator parts is necessary for several reasons:

1. Mechanical
2. Hydraulic considerations
3. To permit of variations in expansion between casing and 

rotor.

It is limited to 1/64 in. in small pumps and pumps of certain types, 
and is as much as Vi in. on large units and those handling hot liquids.

Fig. 14 .—Solenoid oiler for shaft bearing of deep well pump.

Ques. How is this clearance divided in the case of cold 
'¡quid pumps when the th rust bearing is secured in position 
and impellers centralized?

.4ns. Equally.

Ques. W hat allowance is made for ho t liquid pumps?
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A n s . Allowance is made for differences in expansion betwa 
rotor and casing, noting th a t  the rotor will expand from tl 
fixed th rust bearing end.

Ques. 'What should be done before proceeding with a 
im portant field assembly?

A n s. Determine by examination of the unit or ascertai 
by asking the m anufacturer of the pum p, the amounts of th 
designed lateral clearances.

Renewal.—Pum p casings are made from castings. It i 
sometimes necessary when the pum p is built, to  favor varia 
tions in longitudinal dimensions on the casings by makin; 
assembly floor adjustm ents to  the rotor, in order to  presem 
the designed lateral clearances and to  place the impellers ii 
their correct positions w ith respect to  the diaphragms, diffuser: 
and return  channels.

When a rotor with its diffusers is returned to the factory for repair 
if it be still possible to calibrate lateral dimensions on the worn parts, th 
repaired rotor can be placed in the pump with no adjustment; a spare rot« 
shipped a t the time the pump is manufactured has already been installed 
in its casing.

In all other cases when it is not possible to obtain complete particular 
of the old parts, stock and other replace parts are made to standard dimen
sions.

Ques. W hat should be done when making field renewals of 
ro tating or stationary  parts?

A ns. Compare all lateral distances with those on the old 
parts, and duplicate these distances where lateral end move
m ent is affected.
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Place the assembled rotor and stage pieces, etc., where so fitted, in the
lower half of casing, check total lateral clearance and with thrust bearing
assembled and shaft consequently in its proper position, observe th a t this
clearance is suitably divided and impellers centralized in their volutes.
Make final adjustments by manipulation of shaft nuts.

Casing Flange G askets.—Use the thickness and material 
originally installed. One-thirty-second inch is the standard 
thickness. The m aterial is selected to  suit the service con
ditions.

Ques. W hat precaution should be taken in trimm ing the 
gasket?

Ans. The inner edge of the gasket m ust be accurately 
trimmed along the edge of the stuffing box bore. A t all points 
where the gasket abuts on the outer diam eter and sides of 
stationary parts between stages the  edges m ust be trimm ed 
squarely and neatly—sufficiently overlapping th a t the upper 
half of casing when being tightened will effectively press the 
edges of the gasket against the sta tor parts ensuring proper 
sealing between stages.

Ques. W hat is the best m ethod of performing the trimming 
operation?

Ans. First cement the gasket to  the lower half of the casing 
with shellac thereafter cutting all interstage gasket edges 
square and a t the same tim e overlapping, using a razor blade.

Pointers on Assembly.—Do not use unnecessary force to 
tigh ten  impeller and shaft sleeve nu ts, straining results in 
bending the shaft and destroying the concentricity of rotor 
Parts operating in close clearances with sta to r parts, causing 
nibbing and vibratiqn.
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Locking Screws.—W hen se
curing locking screws of the 
safety type, check using a dial 
test indicator th a t  the shaft is 
not bent in the process, m anipu
late the screws when tightening 
accordingly. Indent the thread 
behind the screw slightly to  
prevent its backing out.

Design considerations require tha t 
all parts be mounted on the shaft 
in the same order as found. Im
pellers being opposed are both right 
and left hand in the same casing. 
Diaphragms, wearing rings, and 
stage bushings are individually 
fitted and their sealing flanges be
tween stages tested for their par
ticular locations. Stage bushings 
with stop pieces are not inter
changeable one with another for the 
reason tha t the stop pieces locate a t 
varying positions.

All stationary parts assembled on 
the rotor such as stuffing box bush
ings, wearing rings, stage bushings, 
diaphragms, etc., have stops con
sisting either of individual pins or 
half flanges in lower casing only to 
prevent turning.

These parts must be positioned 
when lowering rotor into casing so 
tha t all stops are in their respective 
recesses in lower half of casing. 
Otherwise, upper half of casing will 
foul improperly positioned parts 
when being mounted.
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Deep Well Pump Adjustm ents.—Before pum ps of this type| 
can be run, the impeller or impellers m ust be adjusted to thej 
correct running position by raising or lowering the shaft bt| 
means of the adjuster nu t provided for this purpose.

Ques. How is the adjustm ent made for the axi-flow type:;
Arts. Raise the shaft to  its upperm ost position by screwing 

down on the adjusting nut. Measure the distance the shaft h£{ 
been raised above its lowest position. Back off the adjust® 
nut until after the shaft has been lowered 3̂ of the totdt 
distance it has been raised. Lock the n u t in th is position witii 
the key, set screw or lock nu t provided.

With either a key or set screw it will usually be necessary to turn fc 
adjusting nut until it is possible to insert the key or set screw in pkej 
through both adjusting nut and motor clutch.

Installation of Increaser on Discharge.—An increaser oil 
the discharge line will reduce hydraulic losses. The hockj 
up w ith check and discharge valve is shown in fig. 17.

The discharge line should be selected w ith due referenct 
to  friction losses.

I t should never be smaller than the pump discharge and preferably os; 
or two sizes larger. Do not use the pump to support heavy inlet or di- 
charge piping, and do not force pipes or fittings in place with the 
bolts, as the pump alignment will be disturbed. Provide independent su? 
ports for all piping.

When piping is subjected to  tem perature changes it shoulc 
be arranged so expansion and contraction does not place!; 
strain on the pum p casing.

In hotels, apartment buildings, hospitals, etc., where noise is objection | 
able, care must be taken tha t the discharge pipe be not attached direct? 
to the steel structural work or to hollow walls, e tc ., with insulation, in sue 
a  way th a t vibration may be transmitted to the building. Preferablyf 
such cases the discharge line should be connected to the pump dischaipj 
through a flexible connection.
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C H A PT E R  7

Centrifugal Pumps; 

Calculations
Like all engineering work, the  various factors entering 

into the design of centrifugal impellers are determined by 
experience. The centrifugal pum p fundam entally adds energy 
in the form of velocity to  an already flowing liquid; it does not 
in the usual sense add pressure. All basic considerations of the 
centrifugal pum p m ust consider kinetic enregy.

The design of centrifugal impellers is determ ined by 
experience. The design of a  centrifugal pum p impeller is 
ultimately based on the performance of other impellers.

The theory indicates what would be the general effect of altering certain 
dimensions, hence, successful design consists according to  Union, of modi
fying or changing the design of impellers which have been tested.

In the following theory and accompanying diagram by Union, fig. 1, the 
following symbols are used.—

V2 = Tangential velocity, impeller a t  outer periphery.
Vi = Tangential velocity, impeller a t  inner periphery.
Zj = Relative velocity of w ater a t  outlet.
Zi = Relative velocity of w ater a t inlet.
C; = Absolute velocity of w ater a t ou tlet.
J2 = Radial velocity of w ater a t  outlet.



J i = Radial velocity of water a t  inlet.
W =  Tangential velocity of water a t outlet. 

a2 =  O utlet angle of impeller, 
ai =  Inlet angle of impeller.

In fig. 1 the water enters the impeller inlet with a rad- 
velocity Ji, and leaves the  impeller with an absolute veloci:

192 Centrifugal Pumps; Calculations

Fig. 1 .— Impeller diagram to accompany calculations.
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of Co. The inner peripheral velocity of the impeller is Vi, 
and the outer peripheral velocity V2. All velocities are in 
feet per second

Let H, be the theoretical head in feet against which the 
pump would deliver w ater, if there were no losses. Then

In which g = force of a ttrac tion  of gravity =  32.2 ft. per 
second.

From formula (1) ___
V2 =  v /2gH

Having given the  head against which the pum p m ust work 
and the diameter of the impeller, the  speed of the pum p m ay 
^calculated by formula (1).

Example.—A pump is required to  pump against a head of 100 ft. and 
have an impeller 10M in. in diameter. W hat is the required speed of the 
pump?

By substituting in formula (1),

V2 =  V2gH

V2 = V 2  x  32.2 X  100 =  80.4 ft. per sec.

This is equal to  80.4 X  60 =  4,824 ft. per m inute. The 
circumference of the impeller 10M in. in diam eter equals

10M X  3.14 =  33.8 in. or 2.8 ft.

As the impeller has to  revolve 4,824 ft. per m inute, i t  will

, 4  824
nave to run = 1,722 revolutions per m inute.

Z.o
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The capacity of a pump depends upon the size of the ink! 
and discharge openings, the size of the casing, and width ans 
diam eter of the impeller. These factors are determined .by 
the  designer from experience.

How to Figure the Total Hydraulic Load or Lift +  Head d 
a Centrifugal Pump.—The usual expression “ to tal head"; 
here carefully avoided as being a misnomer and ridiculous- 
this goes also for such expressions as “suction lift.”

Ques. W ith respect to  centrifugal pumps, w hat is the lift-'

A n s . The vertical distance from the level of-the water te 
be pumped to  the center line of the pump.

Ques. W hat is the condition of operation if the water levEj 
be above the center line of the pump?

A n s . The pum p is operating under inlet head, sometime 
called negative lift.

Ques. How does an inlet head affect the calculation?

T n s . I t  m ust be subtracted from the sum of the remainin; 
factors.

; . . r J.

Ques. AVhat is the discharge head (as distinguished finoof 
an inlet head)?

A n s . The vertical distance between the center line »1 
the pum p and the level to  which the water is elevated.

Ques. How is the friction head for pipes and elbows or 
different sizes and capacities found?

4 n s .  From  the accompanying tables.
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Ques. W hat is the velocity head?

Ans. The equivalent distance in feet through which a liquid 
would have to  fall to  acquire the same velocity.

Fig. 2 ■—Hook up for centrifugal pump showing location of gauges in taking 
readings in calculating total hydraulic load.

Ques. How is the velocity head determined? 

Ans. From  the  following formula

V“2 V22Hz, =
2 g 64.4 '

.(2)
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in which

y  _  -408 X gallons per minute
D2

in which
D = diam eter of the pipe in inches.

To arrive a t the total hydraulic load th a t a centrifugal j 
pum p works against, from the gauge readings, the following 
example m ay be used.—

E xam ple .—Assume distance A (in fig. 2) vertical distance from the 
center line of the gauge connection in inlet pipe to center line of pressure 
gauge) to be 2 ft., discharge pressure 40 lbs. (by gauge) and vacuum (by 
gauge) 15 ins. when discharging 1,000 gallons of water per minute. Dis
charge pipe 6 ins. in diameter (where gauge connection is made) and inlet 
pipe 8 ins. (where gauge connection is made). The total hydraulic load 
then is as follows:

40 lbs. pressure =  40 X 2.31 (see table page 248) =  92.4 ft.
15 ins.,vacuum (seepage 201) =  17.01 i t

Distance A (fig. 2) =  2.00 ((

‘Velocity head =  1.36 U

Total hydraulic load =  112.77 ft.

If the inlet and discharge pipes be of the same diameter 
where the gauge connections are made, the velocity head will 
be the same in both, and no correction need be m ade for same, 
as the inlet gauge readings include the velocity head in the inlet 
pipe, which in this instance is the same as the velocity head 
on the discharge pipe.

*NOTE.—The velocity head in the 6 in. discharge pipe by formula (2) equals , 
1.99 ft. The velocity head in the 8 in. inlet pipe by formula (2) equals .63 ft. 
The total velocity head to be added therefore equals the difference between these , 
two figures or 1.36 ft. Formula (3) according to Ordway.
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INCHES VACUUM TO FEET  LIFT

Inch
Vac. Feet Inch Vac. Feet Inch Vac. Î eet Inch Vac. Feet

X 0.28 &X 9.35 16K 18.42 24 M 27.50
X 0.56 8 X 9.64 18.71 X 27.78
Vi 0.85 8 X 9.92 X 18,99 X 28.07

1 1.13 9 10.21 17 19.28 25 28.35
IK 1.41 X 10.49 X 19.56 X 28.63
IK 1.70 X 10.77 X 19.84 X 28.91
m 1.98 X 11.06 X 20.13 X 29.20
2 2.27 10 11.34 18 20.41 26 29.48
2 X 2.55 X 11.62 X 20.70 X 29.76
2 'A 2.S4 X 11.90 X 20.98 X 30.05
2K 3.12 X 12.19 X 21.27 X 30.33
3 3.41 11 12.47 19 . ,21.55 27 30.62
3K 3.69 X 12.75 X 21.83 ■ X 30.90
3 K 3.98 Vi 13.04 X 22.11 X 31.19
PA 4.26 X 13.32 X 22.40 X 31.47
4 4.54 12 13.61 20 22.68 28 31.75
i'A 4.82 X 13.89 X 22.96 X 32.03
4
4Ji

5.11 X 14.18 lA 23.24 X 3?. 32
5.39 X 14.46 X 23.53 X 32.60

5 5.67 13 ' 14.74 21 23.81 29 32.89
5K 5 95 X 15.02 X 24.09 X 33.17
5 K 6 23 X 15.31 X 24.38 X 33.46
5M 6.52 X 15.59 X 24.66 X 33.74
6 6 .SO 14 15.88 22 24.95 •30
6 \i 
6 K
6 X
''Vi
m
-Vi

7.08 
7.37 
7.65

X
X
X

15
X
X
X

16

16.16
16.45
16.73
17.01
17.29
17.57
17.86

X
X
X

23
X
X
X

24

25.23
25.51
25.80
26.08
26.36
26.65
26.93

. . . .

7.94
8.22
8.50
8.79

S 9.07 18.14 . 27.22

To convert inches vacuum into feet, multiply by 1.13.

Where the discharge pipe is smaller in  diam eter th an  the  
inlet pipe, the difference between the  velocity heads in both  
Pipes should be added to  the o ther readings given above in 
order to arrive a t the to ta l hydraulic load.

The difference in velocity heads in the inlet and discharge 
Pipes should be subtracted from the sum of the other readings
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given, if the inlet pipe be smaller than  the discharge pipe when 
the gauges are connected. In  the example ju st given, the fric
tion head in the inlet and discharge pipes is included in tk 
gauge readings.
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C H A PT E R  8

Rotary Pumps; 

Principles
By definition a ro tary  pum p is a positive displacement pum p  

with a circular motion; a pum p whose piston or pistons partake 
of the nature of cams ro tating  upon an axis and being in contact 
at one or more points with the walls of the  enclosing chamber.

Ques. How does a ro tary  pum p differ from a  centrifugal 
pump?

Ans. The ro tary  pum p continuously scoops the  fluid from 
out of the pump chamber whereas a centrifugal pum p im parts 
velocity to a stream  of fluid.

The action of a rotary pump approaches a positive nature whereas the
centrifugal pump does not.

Classification.—There are two general kinds of ro tary  
Pump classed with respect to  the impelling element as:

1- Gear

A- Blade or bucket
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The gear pum p m ay be classed as:

1. Spur
a. External
b. Internal

EXTERNAL 
SPUR GEAR!

ADMISSION DISCHARGE

F ig .1  .— External spur gear pump.

2. Helical
a. Partial pitch
b. Screw

W ith respect to  the blade or bucket class rotary pu#  
various types are included as:

1. Rotating-reciprocating blades
2. Rotating-oscillating buckets



Spur Gear Rotary Pum ps.—There are two types, the  ex
ternal gear and the internal gear.

Fig. 1 shows the essential elements of the  external -gear

Rotary  Pumps;  Principles  205

il l°  —Operation of external spur gear pump. Fig. 2, liquid entering 
r ough admission opening; fig. 3, liquid being carried between the gear teeth 
toward discharge side; fig. 4, liquid being forced out of pump.

Pump. There are only three parts, tw o external gears and a 
: casing.¥ i ‘ ■
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h i operation, as each pair of meshing teeth separate, a space forms e  
vacuum and atmospheric pressure forces in the liquid to fill these spa®

Any liquid which fills the space between any two adjacent teeth M  
follow along with them as they revolve and be forced out of the dischaip 
opening since the meshing of the teeth during rotation forms a seal separi 
ing the admission and discharge parts of the secondary chamber.

Figs. 2 to  4 show the operation progressively.

Internal Spur Gear Pum ps.—The elements making uppu#  
of this type are: 

1. Internal gear (rotor).
2. Idler
3. Crescent seal
4. Casing

INTERNAI 
\ GEAR

ROTOR

F ig . 5 .— Internal spur gear pump.
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Fig. 5 shows the assembly o f  these elements. The pumps 
work dn the “internal gear principle.”

In operation (see fig. 5) power is applied to the rotor and transm itted to 
the idler gear with which it meshes. The space between the outside 
diameter of the idler and the inside diameter of the rotor is sealed by a 
crescent shape projection forming a part of the cover.

As the teeth come out of mesh there is an increase in volume, which 
creates a partial vacuum. Liquid is forced into this space by atmospheric

pressure and stays in the spaces between the teeth both of the rotor and 
idler until the teeth mesh when the liquid is forced from these spaces and 

, out of the pump.

Ques. Is this pum p reversible and how? 

Ans. Yes, when provision is m ade for swinging the  crescent 
through 180°. 

Partial Pitch Helical Gear Pum ps.—A variation of th is type 
is the external partial pitch helical gear pum p whose operation 
follows the same principles as ju st described.
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Fig. 6 illustrates what the author means by the term “partial pitch” and 
needs no further explanation.

The general appearance of a pair of these partial pitch gears in mesh i> 
shown in fig / 7.

Helical Screw Gear Pum ps.—The elements of a pum p of this 
type are:

1. Power rotor

2. Two idler rotors

3. Casing

Fig. 7.— Appearance of a pair of partial pitch helical gears in mesh.

T he three rotors are shown in fig. 8 before assembling in the 
case, and assembled complete in fig. 9.

As shown in fig. 8, convex surfaces of the power rotor mesh 
with concave surfaces of the sealing rotors in such a way that 
practically fluid tigh t closures between the rotors are o b ta in e d .

In  these pum ps the standard direction of ro tation  is clock
wise when the  observer is standing a t  the driver and looking 
toward the coupling end of the pum p.
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DISCHARGE

POWER ROTOR

fig. 9.—Helical screw gear pump.

ID LER ROTOR

Fig. 8•—Power rotor and idler rotors in mesh of helical screw gear pump.

HEL ICAL  
SCREW GEARS

POWER R O T O R

ID LER  ROTOR

SLEEVE

ADM ISS IO N
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ROTOR

F ig . 10.— Rotating reciprocating blade pump.

Rotating-Reciprocating Blade Pum ps.—The elements d 
th is type pum p are:

1. One (or more) pairs of blades
2. Rotor disc guide seal

3. Casing 

‘ These parts are shown in fig. 10.

In  operation, as shown in fig. 9 liquid entering the inlet passage d fc  
and flows to the ends of the rotors where it enters the apertures betys 
the rotor threads and is then enclosed and propelled, as by a  continues: 
acting piston, to  the discharge passage a t the middle.

Pum ps of this type are suitable for pressures from 200 to Si 
or more lbs. per sq. in.

SEAL

DISCHARGE ADMISSION

GROOVES
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CENTRIFUGAL FORCE

HYDRAULIC PRESSURE '

‘̂9*. 11 to 14.—Operation of rotating-recipro'cating blade pump. Note the 
p'fernafe action of centrifugal force and hydraulic pressure to keep the blades 
ln firm contact with the walls of the casing.

The rotor has slots into which fit the  sliding blades or vanes. 
In front of the slots and in the direction of ro tation are grooves 
which admit the liquid being pumped by the blades moving 
them outward w ith a  force or locking pressure th a t  varies 
directly with the pressure th a t the pum p is operating against.

CENTRIFUGAL FORCE

A

•HYDRAULIC PRESSURE
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Ques. W hat other operation takes place on account of the 
grooves?

4  ns. They serve to break the vacuum on the admission side,

Ques. W hat causes the blades to move outward while 
traversing the admission zone?

A n s . Centrifugal force.

F ig . 15.— Rotating-oscillating bucket pump.

Figs. 11 to  14 show the operating cycle and the alternate action ol 
centrifugal force and hydraulic pressure to hold the blades in contact 
with the circular casing.

Rotating-Oscillating Bucket Pum ps.—These pum ps operate 
virtually  on the  same principle as the rotating-reciprocating 
blade pum p ju st described. The only differences are the use



fig. 16.—Detail of rotor of rotating oscillating pump showing the oscillating 
motion of the buckets.

The pump operates w ith positive displacement.
'  ’

In operation as the buckets pass the admission port, the vacuum created 
fills the space behind them and the liquid is carried around to the discharge 
outlet. The buckets are pivoted as shown and are kept in firm contact 
with the walls of the casing by centrifugal force.

j&: • / • -

The pumps are usually equipped with tig h t and loose pulleys. 
Built in relief valves are used on some types; on others an 

external relief valve is provided. In  every case the  by passing

• v-; ' ' .• .r ‘
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of buckets instead of blades and. of centrifugal force alone to  
keep them in firm contact w ith the casing wall instead of a 
combination of alternating acting hydraulic pressure and 
centrifugal force.

The essentials of the rotating-oscillating bucket pum p are 
shown in fig. 15.

OSCILLATING 
MOTION
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is done outside the pumping chamber to  eliminate end thusto: 
the working parts of the pump.

These pumps are not reversible. Direction of ro tation is give 
from the drive end of the shaft. For clockwise, or right ham 
rotation, the intake connection is on the right side of the shaft 
For counter-clockwise, or left hand rotation, the intake is or 
the left side of the shaft.
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C H A PT E R  9

Rotary Pumps; Construction

There is nothing complicated in  the  construction of ro tary  
pumps. They do not require any piston reversing gear as they  
are non-pulsating in their action. They look something like 
a small centrifugal pum p.

Construction D etails.— In  order to  present the  construction 
of rotary pum ps various details entering the  m ake up  of the 
several types of pum ps will be here given, including details of 
blade, bucket and geared pum ps.

Blade Type Rotary P u m p s—There are several varieties 
of the blade pum p depending upon the  m ethod employed 
to keep the blade ends in contact w ith the  cylinder walls 
during rotation.

Various means are used to  hold the blades in contact with 
the walls as by:

1- Hydraulic pressure

2. Centrifugal force

3. Springs

4.-Cylinder Bore.
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Hydraulic Pressure Type.— In the first pum p presented, 
the pressure of the  liquid being pumped holds the blade 
against the  cylinder walls or lining. 

A view of the casing or “cylinder” is shown in fig. 1. Iti: 
a heavy casting machined for alignment and tested a t 500 lb, 
hydrostatic pressure.

Fig. 1.—Hydraulic pressure blade fype pumps 1: Casing 
construction.

L iner .—The cylinder is usually fitted with a cast iron or bronze lto* 
held in place by a key in the body which locates the admission and dis
charge ports.

R o to r .—This also is either of cast iron or bronze and has six machined 
slots which contain the sliding blades as shown in fig. 2 .
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In front of the slots, and in the direction of rotation, are grooves which 
admit the liquid being pumped under the vanes, moving them outward 
with a force or locking pressure th a t varies directly with the pressure th a t 
the pump is operating against.

These grooves not only regulate the locking pressure of the sliding 
blades against the liner but also break the vacuum on the inlet side, allow
ing the blades to  move out freely by centrifugal force.

Blades.—These are of composition and weighted with metal to  increase 
centrifugal force on the inlet side and make them drop more readily on 
the discharge side.

^9. 2.—Hydraulic pressure blade type pumps 2: Rotor construction.

End Plates.—The appearance of an end plate is shown in fig. 3. They 
are °f cast iron or bronze and bear against the ends of the liner being 
machined to produce the proper clearance between the rotor and end plates.

Heads.—These are also shown in fig. 3. They are of cast iron and are 
located by a dowelled flange on the body proper; they are held in place 
by cap screws.

Bearings.—These are located in extension on the heads and are of the 
sleeve type made of a so called anti-friction metal.

Sufficient clearance is allowed between the  shaft and the 
taring to perm it the  liquid being pum ped to  circulate through 

the bearings into the  inlet side of the  pum p.
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The object of this is not only to cool the bearings, but the inlet press 
on the outer ends of bearings created by the vacuum eliminates theo 
balancing of the rotating element and permits packing the pump again; 
vacuum only, instead of pressure.

On some pumps ball or roller bearings are provided, oneo: 
the outboard end of each head instead of the sleeve type jus 
described.

REMOVABtjf
LINF.R 

SUCTION 

SLIDING VANE

p r e s s u r e
GROOVE 

CLOSED HEAD

BLEEDER 1'irE 
FROM  BEARlNei 
T O  SUCTION

Fig. 3.—Hydraulic pressure blade fype pumps 3: Disassembly vie*
showing various details with names of parts.

This construction is desirable where it is required to  keep the liquii 
being pumped from contact with the bearings. Two adjustable stuffc 
boxes are provided on each—one on the inboard end and one on the ori' 
board end of each head between the pump body and the bearing.

By-Pass Relief Valve.—On some pum ps i t  is desirable to 
have a relief valve. In  order to  prevent chatter, the reliei 
valve is of the pop type and pressure adjustm ent is made by 
a set screw and lock nut.
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■A sectional view of a relief valve as built into the pump is shown in fig. 4. 
The various parts are numbered and their names given in the text under
neath the Cut.

Bucket Type Pum ps.—The particular pum p here described 
depends upon centrifugal force to  swing out the buckets and 
cause them to ride lightly against the cylinder walls during the 
revolution. A pum p of this kind designed for hand operation 
is shown in fig. 5.

® Hydraulic pressure blade type pumps 4: Sectional view showing
general construction and detail of built in relief valve. The parts are: 45, 
Y;pass valve; 46, valve cage; 49, valve cage gasket; 50, high pressure 
Pring; 51  ̂ high pressure spring retainer; 52, intermediate pressure spring,- 

> mtermedlate pressure spring retainer; 54, low pressure spring; 55, low 
r̂essure spring button,- 56, valve bonnet; 57, valve bonnet gasket; 58, valve 
°nnet cop screw.- 59, adjusting screw; 60, ¡am nut; 61, cover nut.
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Gear Pum ps.—There are numerous types of pum ps in whic 
the rotor element consists of two gears which mesh with eac! 
other and work within a close fitting casing. Among the 
are the:

1. Spur
2. Single helical

Fig. 5.—Bucket Type Rotary Pumps 1: View of pump with face pi- 
removed showing construction of buckets and their assembly on rotor.

3. Double helical
a. Short b. Long

4. Internal

Spur and Single Helical Gear Pum ps.—These two types t  
practically the same in construction w ith exception of $

Another example of this pum p is one designed as a traci 
pum p as shown in fig. 6, with accompanying list of parts. J 
detail of the built in relief valve is shown in fig. 7.
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RELIEF

Fig. 8.— G ear Type Rotary Pumps 1: Spur gear rotary.

OSCILLATING BUCKET

Fig. 7 3 : Detail of relief valve.
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F'9.10. G ear Type Rotary Pumps 3: Spur gear rotor assembly in casing.

Figs. 8 and 9 show rotor elements of the two pumps.

i . The spur gears (fig. 8) are best where maximum volumetric efficiency 
is required and where noise is not a serious factor.

Fig. 9.—Gear Type Rotary Pumps 2: Single helical gear rotor, shaft and 
thrust collar.
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Figs. 13 to 18.—G e a r Type Rotary Pumps 5: Disassembly view of dout
helical gear pump with bronze bearings.

Fig. 9 shows one single helical gear, shaft and thrust colla 
on shaft.

The illustration shows how the shaft is splined to  fit broached openin 
in gear trunnion.

Figs. 11 and 12.— G e a r Type Rotary Pumps 4: Doible helical ge
rotor assembly in casing. Shafts are mounted on single ball bearings.
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The assembly of the two gears df the spur gear pum p is 
shown in the sectional drawing, fig. 10. Various details of 
construction are here visible.

The case face plate and back plate are made of cast iron. The packing 
box has a mechanical seal. The shaft is mounted on roller bearings.

■̂j5, to 24.—G e a r  Type Rotary Pumps 6s Disassembly view of 
double helical gear pump with external ball bearings.

POWER
ROTOR

9 - 25 to 32.— G e a r Type Rotary Pumps 7: Rotor details, double
o ical gear screw pattern. These internal parts consist of power and idler 
°rs, rotor housings and packing box breakdown bushings.
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Figs. 11 and 12 show various details of construction of th 
double helical gear pump.

These pumps are constructed with plain or ball bearing. Figs. 13 tol 
show disassembly view of the plain bearing construction and figs. 19 to 2 
the ball bearing type.

Fig . 33.— G e a r  Type Rotor Pumps 8: Internal spur gear pattern. Cola»1
view showing casing rotor gears and crescent in part.

Internal Gear Pumps.—There are in pum ps of this typeh 
two moving parts: 

1. Outside annular gear
2. Inside spur gear
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The large gear has a shaft a t the  back which extends througl 
the pum p casing and carries the  driving pulley. The spuri 
m ounted on a stud extending from' the  opposite side of th 
casing, which also has a crescent-shaped projection on one side 
dividing the space between the two gears.

An example of this construction is shown in fig. 33.

The pump will operate in either direction. The illustration shows th 
path of the liquid for clockwise rotation (facing the shaft end). Th 
details of construction are shown more clearly in figs. 34 to 37.
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C H A PT ER  10

Rotary Pumps; Operation

In the installation, operation and m aintenance of ro tary  
pumps there are m any operations in common w ith centrifugal 
pumps. Accordingly in order to  avoid useless repetition the 
reader in numerous instances will be referred to  similar opera
tions for centrifugal pum ps.

Location
A rotary pum p like any other piece of m achinery needmg 

occasional a ttention should be p u t in an  accessible place where 
there is plenty of light.

' w''5* ‘ i. ' 1 , • - * V ‘

Foundation
Since rotary pum ps are as a  rule much smaller units than  

the centrifugal type, the  foundations are correspondingly 
smaller. The instructions for centrifugal pum p foundations 
(page 157) will apply here.
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Installation
Alignment.—Correct alignment is absolutely essential to 

successful operation. A  flexible coupling will not compensdt 
alignment. Rotaiy pumping units should be aligned as ac
curately as if the coupling were solid.

The flexible coupling will then serve its purpose, that is, to 
prevent the transmission of end th rust from one machine to 
the other and to  compensate for slight changes in alignment 
which m ay occur during normal operation.

There are two separate alignments:

1. Factory

2. Field

Every pump, is accurately aligned at the factory before being 
shipped.'

Ques. Describe the factory alignment.

A n s. The unit after assembly is accurately aligned by 
placing the base plate on a surface plate and then' leveling the 
machined pads.

Shims are inserted under the feet of the pump and driver when necessary
to obtain perfect alignment.

Ques. W hat should be noted about base plates?

A n s. All base plates are elastic, and for this reason the 
m anufacturer cannot assume responsibility for the pr°per 
mechanical operation of a unit unless the s h o p _  alignment is 
reproduced when the unit is erected on its foundation.
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Ques. How are ro tary  pumps usually shipped?

/Ins. On their bed plates.

Ques. In field aligning is it  necessary to  remove pum p 
and driver from the bed plate while leveling?

Ans. This is very seldom necessary.

Ques. How is the unit placed on the foundation?

/ins. It is supported on the foundation by wedges placed 
near the foundation bolts.

Ques. W hat should be removed?

Ans. The pain t from the projections of the base plate 
pads upon which the pum p feet are supported.

Ques. How are the wedges under the base plate adjusted?

/Ins. Place a spirit level on the pads and ad just the wedges 
to bring the pum p shaft level.

Checking the Alignment.—The alignment should now be 
checked and corrected so as to  bring the driver half coupling 
® perfect alignment w ith the pum p half coupling.

Ques. How is the alignment checked? .

Ahs. I t is accomplished by the use of a straight edge across 
the top and sides of the coupling. (See fig. 1, page 159.)

Ques. W hat is the procedure if the  coupling’s flanges be 
not perfectly true, or no t of the same diam eter?
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A n s . Check the alignment a t each quarter tu rn .

If any variation be found, proper allowance must be made in aligriv 
the unit.

Ques. W hat im portant adjustm ent m ust be made?

Fig. 1.—Method of lining up coupling with straight edge and wedge.

^4ns. The clearances between the coupling halves should be 
set so th a t they cannot strike, rub, or exert end th rust on either 
pum p or driver.

When F ast’s couplings are provided with rotary pumps, the same care 
should be exercised in.alignment.

Ques. How far m ust the hubs be separated? ""
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Ans. They m ust be separated the  distance stam ped on their 
alignment faces.

Shafts should then be lined up by using a straight edge and thickness
gauge on the alignment faces, as shown in fig. 1 .

The flanges of the sleeve should be cleaned and gaskets examined to
insure oil seal and then bolted solidly together.

Ques. M ention an im portant thing to  be done before the 
unit is put into operation.

Ans. Oil should be p u t in the coupling.

Ques. Is there any more alignment checking to  be done -and
why?

Ans. Yes. Alignment m ust be checked after the  pum p has 
been completely piped up because pum ps are frequently sprung 
nnd pulled out of position by drawing up flange bolts when 
the flanges are not squared up before tightening.

Ques. W hat particular a tten tion  should be given to  the  { 
Piping? I

Ans. The inlet and discharge piping should be properly 1 
supported to  prevent a strain  or pull on the pum p.

Ques. W hat frequently causes m isalignment, ho t bearings, 
wear and vibration?

Ans. A strain  or pull on the pum p due to  piping which 
is not supported.

Grouting.—See page 164.
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Piping; Inlet and Discharge.—The general requirements fo: 
first class installations are similar to  those for centrifugd 
pumps. (See pages 164 to  166).

■ Ques. How should the inlet piping be installed for pumping 
highly volatile liquids such as butane, propane, hot oils, etc.?

W RO NG  WAY TO
"c o n n e c t  p i p e  l i n e

RIGHT WAY TO 
(CONNECT PIPE LINE
F ig s . 2 and  3.—Wrong and right way to install discharge piping.

Ans. There should be sufficient static  negative lift (static 
head) on the inlet line in addition to  the vapor pressure to 
prevent vaporization of the liquid within the pum p.

Ques. W hat should be noted with respect to  the discharge 

piping?
/Ins. Always carry the discharge piping up through a riser 

approxim ately five times the diameter.
Note right and wrong way as shown in figs. 2 and 3.
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Ques. What is the object of the hook up shown in fig. 3.?

4ns. It prevents gas or air pockets in the pum p and will 
act as a seal in high vacuum  service.

A valve on the top of the riser may be used as a vent when starting the
pump.

Ques. How is the pum p protected against excessive pres
sures caused by increased pipe friction in cold weather or 
accidental closing of valve in discharge line?

4ns. A by pass line w ith a relief valve m ay be installed.

Ques. How is this relief valve adjusted?

4ns. It is set slightly higher than  the maximum pump 
discharge pressure, bu t not more th an  10%.

Jacket Piping.—-If steam  jackets be supplied, the inlet is 
i°cated on the top and outlet on the bottom . 0 n  w ater jackets 
the inlet is a t the bottom  and the outlet a t the top. Valves 
should be installed in the inlet lines to  regulate the quantity  
°f jacket supply.

Stuffing Boxes.—See instructions for Centrifugal Pum ps.

Ques. What kind of lubricant should be used to  seal the 
lantern gland when pum ping gasoline, propane and similar
liquids?

4ns. Non-soluble grease.

Priming.—Before starting  up for the first tim e, prime the 
discharge side of the pum p thoroughly through the opening 
Provided for the purpose and oil.
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Ques. How are ro tary  pumps run  and tested a t  the factory

A n s . The regular practice is to  leave the  oil in the pumpi: 
protect the internal mechanism against corrosion.

If this oil will be detrimental to the system, it will be necessary to & 
assemble the pump, clean all parts thoroughly and fill the pump with Is 
liquid to be pumped.

Direction of Rotation.—This varies according to  type. Fa 
instance taking the double helical design, the direction of rota 
tion is as follows: Standard direction of ro tation is counter 
clockwise when standing a t and facing the shaft extension end

This is indicated by an arrow on the pump body.

Rotation of internal roller bearing pumps may be reversed by removii 
the outside bearing cover and stuffing box and transferring the sn£ 
plug in the side plate casting to the opposite side. These plugs (one! 
each side plate) should be on the discharge side to induce circulate 

• through the bearings to the inlet, and to maintain inlet pressure on th 
stuffing box and ends of the drive shafts.

Another pum p working on the internal gear principle mate 
note of the following directions:

1. In determining desired rotation, the observer stands a 
the shaft end of the pump.

2. Note th a t the balancing groove in the shoe m u s t  bee: 
the inlet side.

3. If change in direction of ro ta tion  be desired, it is necessat! 
only to  remove the cover, slip out both the top and botton 
shoes, tu rn  them  end for end so th a t the grooves will.be ontfc 
new inlet side, and reassemble the pump.

Another model of the same make is listed as autoM1 
reversing pum p. I t  has a unidirectional flow—regardless0 
direction of shaft rotation and without the use of check v a lv e s
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Finally a ro tary  pum p of the helical gear type, the instruc
tions for determining the direction of ro tation  are as follows: 

To determine direction of ro tation, stand  a t the driving end 
facing the pump.

If the shaft revolve from left to right, the rotation is clockwise. If the 
shaft revolve from right to left, the rotation is counter-clockwise.

The diagram fig. 4, is fundamental of flow of liquid in this pump. 

Changing direction of rotation of pump drive shaft reverses

DIRECTION OF ROTATION

fig. 4.—Fundamental diagram of flow of liquids in rotary gear pumps.

the direction of flow of liquid, causing position of inlet and 
discharge openings to  be reversed, as illustrated in the  diagram .

If direction of rotation be not specified, pump will be furnished for clock- 
"ise rotation.

Motors are generally standard to rotate in a counter-clockwise
direction. The direction of m otor ro ta tion  being determ ined
from a position a t the  end of m otor, which couples on to  the 
Pump.
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IfeO 1 8 0  Z O O  Z t o  Z A O  
I N  F E E T

Figs. 5 fo 7.— Efficiency curves, capacity and general dimensions of a W* 
rotary pump of the roller and eccentric disc (rotor) type. See next p03e-
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Starting and Operating

From  the foregoing it is seen 
th a t for the various types of

0 pum ps direction of ro tation
¡3 should be ascertained from man-
1 ufacturer’s instructions. I t  will
jn be seen th a t some ro ta ry  pum ps
g are reversible and some are not.
z An example of a  non-reversible
£ pum p is the “bucket” pum p.
0) tc
Ldm2 
D 
Z  
Q
g The instructions are very

similar as w ith centrifugal
z pum ps, o
o
DceF*(/)
Zo u
n Check pressures or vacuum on the
g inlet and pressure on the outlet side
cr to be sure th a t they conform to speci-
? fications and th a t the pump will de-
g liver full capacity without overload
ed ing the driver.
5 D 
Z  
ZLU >UJ

Before starting  prime the 
pum p and then  check the prime 
mover for correct rotation.

I t  is advisable to  s ta r t oper
ation a t  reduced load gradually 
increasing to  maximum service 
conditions.
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Ques. W hat attention is required while operating?

A n s . External bearing pum ps require occasional lubricatki 
of soft grease in the bearings. If no grease fittings be furnish 
on internal bearing pum ps, no atten tion  for lubrication: 
necessary.

F igs. 8 an d  9.—W rong and righf way fo install inlet line.

Troubles
R otary  pumps like centrifugal pum ps require little atten 

while running, bu t if what little atten tion  were gfven i d



of (as usual) none a t all, a lot of the troubles tabulated here 
would not be encountered. 

Some of the most frequent causes of trouble are here given. 
The operator can often avoid unnecessary expense by careful 
consideration of the points outlined:

No liquid delivered .

1. Stop pump immediately.

2. Pump not primed.

Prime according to  instructions.

3. Lift too high.

Check with vacuum gauge on inlet. If too great lower position of 
pump and increase size of inlet pipe. .Check inlet line for air leaks.

4. Wrong direction of rotation.

Not enough liquid delivered .

L Air leaks in inlet line or through stuffing box.
Oil and tighten stuffing box gland. Paint inlet pipe joints with shellac.

2. Speed too low.
Check r.p.m. Cause may be due to  low voltage or low steam pressure. 

Driver may be overloaded.

3. Lift too high.
Light fractions in some liquids vaporize easily and take up part of the 

displacement of the pump. Check with vacuum gauge.

4- Too much lift for hot liquids.
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Pump delivers for a w hile , then quits.

1. Leaky inlet line.

2. End of inlet valve not immersed deeply enough.

3. Air or gases in liquid.

4. Supply exhausted.
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Fig. 14. Characteristic curves of the rotary pump shown in figs, 10 to 13*

5. Vaporization of liquid in inlet line.
Check with vacuum gauge to be sure that pressure a t the pump is greets 

than vapor pressure of liquid.

6. Air or gas pockets in inlet line.

7. Pump cut by sand or other abrasives in liquid.
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Rapid wear.

1. Grit or dirt in liquid pumped.
Install a fine mesh strainer or filter in inlet. ■

2. Pipe strain on pump casing.
Causes working parts to  bind. Release pipe connections and check 

alignment.

3. Pump operating against excessive pressure.

4. Corrosion roughens surfaces.

5. Pump running dry or with insufficient liquid.

Pump takes too m uch pow er.

1. Speed too high.

2. Liquid heavier or more viscous than water.

4. Mechanical defects.

Shaft bent.
Rotating element binds.
Stuffing boxes too tight.
Misalignment due to  improper connections to  pipe lines or installing 

on foundation causing spring in base.

5. Misalignment of coupling (direct connected units).

^oisy operation.

L Insufficient supply.
. Mquid vaporizing in pump. Lower position of pump and increase 
mlet pipe size.
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2. Air leaks in inlet.
Air will cause a crackling noise in pump.

3. Air or gas pockets in inlet.

4. Pump out of alignment.
Causes metallic contact between rotors and casing.

5. Operating against excessive pressure.

6. Coupling out of balance.
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CHAPTER 11

Rotary Pismps; Calculations

A few calculations are here given illustrating how to figure 
size, horse power, lift, head, total load, etc. 

To Determine Proper Size Pump.—In any installation it is 
important to calculate the proper size pump, in order to avoid 
Putting in a pump too small or too large for the job. 

The following example will illustrate the method:
Example.— In a certain installation an 8,000 gallon tank must be filled 

in two hours to meet the full withdrawal demand. What size pump is 
required?

Since pumps are rated in gallons per minute, reduce 8,000 gallons in 
two hours to gallons per minute, thus

o Ann
gals, per min. = ’ ■ — = 66 % ,  say 70 gals, per min.

•

Since the capacity of a pump is roughly proportional to the speed and 
assuming it is rated at 450 r .p .m . to  deliver 70 g.p.m. The next problem 
rs to find the speed required to deliver 6 6 %  g.p.m. This is obtained by the 
simple proportion

required speed = 450 X  = 428.6

. That is, if the pump be of such size as to deliver 70 g.p .m . at 450 r .p .m ,  
it will deliver 66% g .p .m . at 428.4 r .p .m .
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Friction of W ater in  P ip es.—In order to  obtain some stand
ard to use as a basis for figuring friction of water in pipes, the 
table on pages 195 and 196, was prepared using 15 year old 
wrought iron or cast' iron pipe when pumping soft clear water:

To determine the friction in pipes of different ages of service, 
multiply the figure under the size pipe to  be used opposite the 
capacity in the following coefficients:

New, smooth pipe.............................................coefficient .71

10 year old pipe................................................  “ -84

15 « « «   “ 1.00

20 « • « “  ‘  “ 1.22

Figuring the Load.—Before the horse power required to drive 
the pump can be obtained, it is necessary to determine the total 
load, that is, the dynamic column, or as is ignorantly called, 
the “total head.” This is made up of

1. The dynamic lift, plus

2. The dynamic head

The Dynamic Lift.—In any installation the dynamic lift is 
made up of

h Static lift

2. Frictional resistance in entire length of inlet piping from 
water level to entrance of pump.

To determine the static lift measure vertical distance from 
water level in well to the center, of the inlet opening of the pum p, 
similarly as Ls in fig. 1, page 434.
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To this static lift must be added the frictional resistant- 
that is, frictional loss in the entire length of the pipe from waif 
level in the well to the entrance to pump.

E x a m p le .—Required 70 g.p.m. when pump is located 10 feet abc 
level of tlie source in the well and a 40 foot horizontal distance assuns 
new 2 in . pipe is to be used containing two 2 in . elbows.

Friction loss for 70 g.p.m. through 100 feet of 15 year old 2 in. pip« 
from table, 18.4 feet. Since new pipe is being used, multiply 18.4 ft 
in 15 year old pipe) by the coefficient (under the table) by .71 which gn 
for new pipe

been converted into equivalent feet of straight pipe as follows:

Now multiply 13.06 (loss in new pipe) by 66 (feet in inlet line) marl 
off in hundredths because table is based on 100 feet, as follows:

It  should be noted that the dynamic lift should (as in this case) be 
than the lim it 25 feet.

Ques. W hat should be done if the dynamic lift figured < 
more than 25 feet?

Static lift from well level to pump 10 feet

18.4 X  .71 = 13.064 feet

Now add total length of the inlet line including the elbows which hi

Vertical pipe................

Horizontal pipe .

Elbows equivalent to

10 feet 

40 “

16 “ (seepage!

Total 66 feet

13.06 X  .66 = 8.6196, say 8.62 feet

From which dynamic lift is

10 + 8.62 = 18.62 feet

A ns. Either the pump would have to be lowered or a lar 
pipe should be used to reduce the frictional resistance to fl 
and thus bring the dynamic lift within the limit.
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The Dynamic Head.—In any installation the dynamic head 
is made up of 

1. The static head
2. Frictional resistance in entire discharge line from pump 

outlet to point of discharge. 
To determine the static head measure the vertical distance 

from center of pump outlet to discharge water level similarly 
as HS) fig. 1, page 434. 

To this static head must be added the frictional resistance, 
that is, frictional loss in the entire length of the discharge line 
from pump outlet to point of discharge.

Example.—The pump of the previous example is to force water through 
a vertical pipe 30 feet long and a horizontal pipe 108 feet long; 2 in. pipe 
and 3 elbows. Capacity 70 g.p.m .

Static lif t.......................................................................................  30 feet
Friction loss for 70 g .p .m .  through 100 feet of 15 year 

old 2 in. pipe is (from table page 195) 18.4 feet.
For new pipe (the coefficient being .71), friction loss 

= 18.4 x  .71 =  13.064 feet.
Total length of discharge line =  30 +  108 =  138
Equivalent for 3 elbows 24

Total 162
Multiply 13.06 (loss in new pipe) by 1.62 (ft. in discharge line,

¡narked off in hundredths because table is based on 100 ft.) tha t
ls 13.06 x  1.62....................................................................................  21.16

Dynamic head 51.16

From the two examples the total load on the pump (dynamic column) 

= dynamic lift +  dynamic head
13 +  51' = 6 4  ft.

which is equivalent to

. 64 X '433[ =  27.7 lbs. per sq. in.
or 64 -T- 2.31 \
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H o rse  P o w e r  R e q u i r e d .—The power required is the actual po 
necessary to raise a given quantity of water a given elevation and not 
theoretical. That is, it is the theoretical power plus the extra power 
to frictional resistance and the low efficiency of the pump.

The theoretical power is determined by the following formulae

l h p  g p - m .  X  8H  X  d.c.

or

33,000

c.f. X  62.4 X  d.c.
33,000 

in which
g.p.m. = gallons per minute

8 H  = approximate weight one gallon of water in lbs. 
d.c. = dynamic column
c.f. =  cu. ft. of water

62.4 = weight of 1 cu. ft. of water at ordinary temperature
l.h.p . =  theoretical horse power 

The result determined in this way must then be corrected for the po
loss in the pumping equipment. This is accomplished by dividing 
horse power obtained by the efficiency of the pumping outfit, express« 
a decimal.

W ith these corrections formula (1) becomes

Actual horse power = X *  ^'c ' .
33,000 X  E

in which
E  = efficiency of the pump

Ques. W hat is the actual horse power required to drive 
pump running under conditions of the foregoing example a 
having an.efficiency of 57%? 

Ans. As calculated the d.c. =64 ft., g.p.m. =70. Subs® 
ing in formulaf 3)

Actual horse power = 70 x  X  64 _   ̂g2_
33,000 X  .57
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Another E x a m p le .—Determine horse power required to pump 200 
g.p.m. against combined static lift and static head of 50 ft .; pump efficiency 
57%. Pipe line 4 in . diameter, 200 ft. long; 3, 90° elbows.

Friction loss in 100 ft. of 4 in . pipe discharging 200 g.p .m .  = 4.4 ft. 
For 200 ft. = 2 X  4.4 = 8.8 ft.

Friction loss in one 4 in . 90° elbow = 16 ft. For 3 elbows = 3 X  16 
= 48 ft.

d.c. = 50 +  8.8 +  48 = 106.8 ft. ,

Substituting in formula (3)

h" “  -  9*  SW 10

Ques. What size electric motor or gas engine should be 
elected to drive the above pump?

dns. One having a power rating about 25% in excess of 
the power required to drive the pump.

Useful Information
Area o f a  c ir c le  = diameter squared X .7854.
C ircu m feren ce  o f  a c ir c le  = diameter X 3.1416.
Pressure in  p o u n d s  p er  sq u a r e  in c h  of a column 

of water = head in feet X .434.
Head in  f e e t  of a column of water = pressure in 

pounds per square inch X 2.30947.
A U. S. g a llo n  = 231 cubic inches.
A U. S. g a llo n  of fresh water weighs 8.33 pounds.
A U. S. g a llo n  of sea water weighs 8.547 pounds.
An Im p e r ia l g a llo n  = 277.274 cubic inches.
An Im p e r ia l g a llo n  of fresh water weighs 10.005 

pounds.
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A n  Im p e r ia l g a llo n  of sea  w a te r  w eighs 10.266 
pounds.

A  c u b ic  fo o t  o f  w a ter  (1728 cubic inches) contains 
7.481 U. S. gallons and  w eighs 62.355 pounds.

D o u b lin g  p ip e  d ia m e te r  q u ad ru p les  th e  capacity.
F r ic t io n  o f l iq u id s  in pipes increases as the  square 

of its  velocity .
A M in er ’s in c h  o f  w a ter  is ap p ro x im ate ly  equal to 

l l j ^  U. S. gallons per m inute.

A reas o f c irc le s  are  to  each o th e r as th e  squares of 
th e ir  d iam eters.

A tm o sp h e r ic  p ressu re  a t  sea level is usually  esti
m a ted  a t  14.7 pounds per sq u are  inch, an d  th is  pressure 
will m a in ta in  a colum n of w a te r 33.9 feet high when the 
norm al pressure in the  colum n is relieved by  the  creation 
of a vacuum . T h is  is th e  theore tica l d is tan ce  th a t  water 
m ay  be d raw n b y  suction . In  prac tice , how ever, pumps 
should no t be placed over 20 to  25 feet above the  water 
supply , and  nearer if possible.

Power U nits
, TI /33,000 foot-pounds per m inute.
1 H orsepow er =  | 746 w a tts

1 W a tt  (u n it of _  [.00134 horsepow er.
elec. power) \ 44.24 foo t-pounds per m inute.

(1000 w atts .
1 K ilow att =  < 1.34 horsepow er.

[44,240 foot-pounds per m inute.
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CHAPTER 12

Reciprocating Pumps; 
Principles

Before considering pump9 “in the flesh” tha t is to  say 
m the metal where some parts are not visible and where con
fusing details are shown, it is better to  first study pumps in 
skeletonized form, th a t is stripped of all non-essential, details 
with views showing the inside. These are elementary pumps 
because they show only the essential elements, the purpose 
being to show how the various basic types work rather than how 
they are constructed.

“.general and with respect to operating principles, all pumps 
™ay be classed as:

b Reciprocating.
2. Centrifugal
3- Turbine
T Rotary

To fully present these pumps they will be treated in separate 
chapters.

The word reciprocating is defined as:

Having a to and fro motion; moving backwards and forwards 
l uP and down, as distinguished from a circular motion. From

ls, e v id e n t ly  a  r e c ip r o c a t in g  D u m p  is: A  p iston , p lunger,
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or bucket pump as distinguished from a centrifugal or rote 
pump. The - difference between reciprocating and circc 
motion is illustrated in fig. 1, with the familiar example shoe 
how the reciprocating motion of the ivrist p in  of an engine 
converted into circular motion by means of a connecting h 
called the connecting rod.

In a  reciprocating pump there are three moving elemer 
necessary for operation:

W RIST  PIN

Fig. 1 .—The difference between reciprocating and circular motion ¡ilw-' 
ing conversion of circular motion into reciprocating motion by meansot' 
connecting rod.

1. Inlet or admission valve
2. Piston or plunger
3. Outlet or discharge valve.

The piston or plunger works within a water-tight cylinder.

R E C I P R O C A T IN G
M O T I O N

C IR C U LA
M O T I O N

Before proceeding further the reader should thorough 
know the difference between a piston and a plunger as t 
word plunger is very frequently used erroneously for P>51C
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even by those who ought to  know better. In fact there are a 
lot of greenhorns who think th a t anything tha t works inside 
a pump barrel is a plunger.

Ques. What is the difference between a piston and a plunger?

X
0  
c  
h
lD 

Z 
<
1 
h

cc
UĴ l
h
£

0
X
V)

PACKING
ON

CYL IN DER

D Q

PACKING
ON

PISTON

b
C L  £
U j o

CD t-

— 1 b-

PISTON PLUNGER
Kgs. 2 and 3.—The difference between a piston and a plunger.

ins. A piston is shorter than the stroke, whereas a plunger 
is longer.

This distinguishing feature is clearly shown in figs. 2 and 3.

{ Ques. Describe another feature which distinguishes a piston 
from a plunger.

A piston must have packing inlaid on its rim to 
Provide a tight joint. With a plunger the packing is carried 
111 a stuffing box a t the end of the cylinder. See figs. 2 and 3.
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Classification of Reciprocating Pumps.—In general and iti 
respect to how the water is handled, reciprocating pur; 
may be classed as:

1. Lift
2. Force

a. Single acting
b. Double acting

L IF T  PUMi

BU CKET
V A L V E

OUTLET

PISTON

INLET. VALVE

Fig. 4.— Single acting lift pvmp. Note inlet and bucket valves.

Lift Pumps.—By definition, a lift pump is a single ocli 
pump with open cylinder and discharge valve in the piston.  ̂
discharge valve i,s called a  bucket valve. The combination 
open cylinder and bucket valve makes it a lift pump, that 
in operation it lifts the water and does not force it.
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F O U R  S T R O K E

STARTING C Y C L E

A IR  E X H A U ST E D

W ATER  TAKEN  
INTO CYLINDER

STROKE 1 S T R O K E  2

\ W A T E R
TRAN SFERRED

STROKE S T R O K E  4

'diaomm .Fci ur sfrol<e **arting cycle of single acting lift pump. In thes 
the inlet valve is not shown, but is in figs. 9 and 10 .

WATER
DISCHARGED
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shows the essential parts of a lift pump. Note tha t the buck; 
valve is built into the piston and rides up and down with i 

The starting cycle of operation is shown in figs. 5 to 8® 
sisting of four strokes:

1. Air exhaust
2. Water inlet
3. W ater transfer
4. Water discharge

S t r o k e  1. F ig . 5. Piston descends to bottom of cylinder and fas 
out the air.

S t r o k e  2. Fig. 6. This is an up stroke in which a vacuum is create 
causing the pressure of the atmosphere to cause the water to flow into# 
cylinder.

S t r o k e  3. Fig . 7. This is the down stroke during which the 
flotvs through the bucket valve, that is it is transferred, to the top side of d 
piston.

S t r o k e  4. Fig . 8. During the ascent of the piston, the water 
discharged, that is , runs out of the pump.

Following the illustrations it will be noted that durii

Valve S t r o k e  1 S t r o k e  2 S t r o k e  3 S troke  4

Inlet valve....................  Closed Open Closed Open
Bucket valve................ Open Closed Open Closed

The cycle just described was labeled the starting cp 
beginning with piston a t the top end of the stroke. A 
is the way pumps of this type are left so tha t the handle« 
be out of the way.

Ques. W hat happens when the pump is out of use for 
period of time?
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4ns. The water leaks out so tha t there is nothing but air 
in the cylinder.

Accordingly in starting the first down stroke is an attempt to get rid of 
the air in the cylinder so that a vacuum will be created on the next or 
upstroke.

TWO STROKE

W O RK IN G  C Y C LE

CLOSED

IN T A K E
STROKE AND

D I S C H A R G E
STROKE

figs. 9 and 10.—Two stroke working cycle of single acting lift pump which 
snows cycle events after priming.

Qties. What is usually necessary in starting? 

Ans. The pump must be primed.

Ques. Why?

Ans. Some of the water passes down below the piston, thus 
cing the clearance and some sealing the bucket valve.
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This results in a better vacuum being obtained on the up stroke, ma'c-
rnore pressure due to atmosphere available to force the water past c
inlet valve and into the pump.

Ques. W hat happens after the pump has been primed <~ 
is in operation?

Ans. The cycle is completed in two strokes—that is i 
down stroke and an up stroke.

This may be called the working cycle as distinguished from the iM
cycie as shown in figs. 9 and 10.

Ques. What names are given to the down and up strote

Ans. The down stroke is the transfer stroke and the. 
stroke the intake and discharge stroke.

Ques. What two events occur at the same time?

Ans. On the up stroke water is taken into the cylind 
and a t the same time the preceding charge of water is ® 
charged.

Force Pumps.—This type is an extension of the lift Pur- 
in tha t it both lifts and forces the water against more or k 
external pressure.

By definition, a force pump is: A pump employed to lob 
water above the range of atmospheric pressure, distinguished u® 
a l i f t  pump, in which the water as previously explained, 
elevated to run out of a spout.

Ques. How does a force pump act?

A ns. In  a force pump the water is forced out by aPli‘ 
or phinger working against a pressure corresponding 1° 1 
head or elevation above the inlet valve to which the water is pwtP'
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Ques. What are the distinguishing features of a force pump 
as compared with a  lift pump? 

Ans. Instead of inlet and bucket valves as in the case of 
a lift pump, a force pump has inlet and discharge valves and a 
closed cylinder.

SINGLE ACTING

PLUNGER PUMP

In its simplest form a force pump has an inlet and discharge valve and 
a single acting plunger as shown in fig. 11. The inlet valve, single acting 
plunger and discharge valve are the essential elements of .the simplest 
type of force pump. Carefully note these three moving elements. The 
operation of this type pump is performed in a two stroke working cycle as 
shown in figs. 12 and 13.
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Ques. Describe the two stroke working cycle of the simple 
single acting plunger pump, shown in fig. 11.

Ans. During the up stroke (fig. 12) the vacuum created 
in the cylinder causes the available atmospheric pressure to 
force the water into the cylinder. During this event the 
inlet valve is open and the discharge valve closed as shown.

D IS C H A R G E  V A L V E
( or  h e a d  v a l v e )

Fig. valve force pump.

Diving the down or discharge stroke (fig. 13) the plunger “displaces” 
that is, forces open the discharge valve and the water out of the cylinder 
aEainst the pressure due to dynamic head.

Ques. Name another type of single acting force pump.

Ans. The piston pump having inlet, bucket and discharge 
valves.

VALVE
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CLOSED  
"LET J

CLOSED

STROKE 2

CLOSED

.WATER
TRANSFER

WATER '  
dischargedWATER INTAKE

CLOSED OPEN

STROKE 3 STROKE 4

STARTING CYCLE
S I N G L E  A C T I N G  B U C K E T  V A L V E  P U M P

Figs. 15 to 18. Four stroke starting cycle  of single acting bucket valve ^  
pump.

-A IR  TRANSFER

WATER INTAKE -

OPEN

STROKE 1
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Ques. Describe its essential features.

Ans. The piston works within a closed cylinder as in fig. 14 
(note stuffing box a t top for the piston rod). The water in 
traversing the pump passes progressively through the inlet 
or foot valve, the bucket valve and the discharge valve.

Ques. How does it work in starting?

4ns. Assuming the system to be full of air, on the down 
stroke the air in the cylinder is “transferred” from below 
to top of piston. On the up stroke the vacuum created causes 
atmospheric pressure to force the water into the cylinder. On 
the next (3rd) stroke this water is transferred to the top of the 
piston whence on the 4th stroke it is discharged through the 
discharge valve.

Figs. 15 to 18 show these four strokes which make up the starting cycle. 
However, when the system is cleared of a ir and in operation, the working 
cycle is completed in two strokes, that is , a down or transfer stroke and an 
up or discharge stroke. The events of the cycle may be tabulated thus:

Working Cycle
Single Acting Bucket Valve Force Pump

Down or

transfer s t ro k e .  

Up or

discharge s t r o k e .

Above piston: Water discharged 

Below piston: Water admitted

Water transferred through bucket valve.

The positions of the valves during the cycle are tabulated as 
follows:
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Single Acting Bucket Valve Force Pump

Foot Bucket Discharge
Stroke valve valve valve

Transfer—down........ Closed Open Closed

Discharge—u p .......... Open Closed Open

Double Acting Piston Force Pump.—By definition: A 1)1 
of pump in which the piston discharges the water on one si 
while drawing it into the cylinder on the other side, ivitte 
any transfer stroke.

That is to say, water is discharged every stroke instead of every & 
stroke, as with single acting pumps. Accordingly the double actingp® 
has double the capacity of a single acting pump of the same cvliai 

i displacement.

The essentials of the double acting piston pump are shos 
in fig. 19, and the two stroke working cycle in figs. 20 and 2

In these two figures note positions of the valves for the two strofe 
It  wall be seen that diagonally opposite valves work in unison, that 
they are either open or closed at the same time.

Double Acting Plunger Force Pump.—This type operatest 
same as the one just described with the exception that it has 
plunger instead of a piston. There are two types class 
with respect to  the location of the packing, as:

1. Inside packed.
2. Outside packed.

Fig. 2 2  shows essentials of the inside packed pump.

Note that this inside packing virtually divides the long cylinder ■ 
two separate chambers. The operation of this pump is shown to 1
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23 and 24. The plunger in its up and down movements alternately dis
places water in the two chambers.

Ques. What troubles are experienced with the inside 
packed pump?

Ans. In order to adjust or renew the packing, it is necessary 
to remove the cylinder head. Moreover in operation it cannot 
be ascertained whether or not there is leakage through the 
packing.

DOUBLE ACTING PISTON PUMP

inlet
VALVES DISCHARGE  

VALVES

COMMON DISCHARGE PIPE

^ou^ e acting piston force pump showing two sets of inlet and dis
charge valves with common intake and discharge pipe connections.
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Ques. How were both of these troubles overcome? 

A ns. By the outside packed pattern.

Fig . 25 shows the elements of this design. It  w ill be noted that tT 
plungers are required which must be rigidly connected together by yob 
and rods. The packing being on the outside, it is easily serviced andc 
condition can be seen.

W O R K IN G  C Y C L E  
OF

DOUBLE ACTING  
PISTON FORCE PUMP

rigs. 20 and 21.— Two stroke working cycle of double acting piston fo* 
pump. Note positions of diagonally opposite inlet and discharge valv 
for the two strokes.

Ques. W hat is the objection to the outside packed pumf 

A n s . The construction is more complicated and according! 
more expensive than the inside packed pump.
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Figs. 26 and 27 show the two stroke working cycle. Note that the 
plungers move in unison with result that water is discharged at one end 
while the other plunger is receding to fill the other end.

DOUBLE ACTING PLUNGER PUMP 
INSIDE PACKED

Vi

inside 
packing

in le t
v alves

DISCHARGE
VALVES

PLUNGER

fig. 22. Double acting inside packed plunger pump.
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Self Priming or So-Called Siphon Pumps.—The troub 
with most pumps is in starting when the whole system is fills 
with air. This is on account of the considerable clearance! 
space enclosed between the inlet and discharge valves wil 
result tha t the piston or plunger in its initial movements tri

W O R K IN G  C Y C L E
D O U B L E  A C T IN G  PLU NG ER  P U M p

Figs. 23 and 24.— Two stroke working cycle  of double acting inside pa® 
plunger pump.

vainly to  get rid of this air and create a vacuum so that atmc 
pheric pressure will force the water into the pump chamber.“

*NOTE.—Starting a pump in this condition may be compared to startingai 
engine rather than a steam engine. On opening a steam throttle the engine sta- 
However, after a considerable number of B.t.u. and profanity have been expe*



'
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Ques. What is done to  get rid of the air in a pump chamber? 

Ans. I t  must be primed.

Ques. Define priming.

DOUBLE ACTING PLUNGER PUMP 
OUTSIDE PACKED

..ADM ISSION V A LV E S

O U T S ID E  P A C K IN G
Fig. 25a— Double acting outside packed plunger pump. Com plicated, but 

packing visible and e a s ily  accessib le.

Ans. By definition priming is the operation of filling a 
pump chamber with water to  increase the vacuum and thus 
draw in water from the source.

NOTE.—Continued.
® in k in g  a gas engine, it  m ay  start p rovided the carburetor isn ’t all clogged u p  
“M  the battery and  ign ition  system  are in  first class condition. W ith  the usua l 
Peenhom m akeshift attendance these requisites for gas engine sta rting  are con
spicuous by their absence.
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S T R O K E  1  

IN L E T

OUTLET  
S T R O K E  2

Figs. 26 and 27. Two stroke working cycle of double acting outside packed 
plunger pump.

W O R K I N G  C Y C L E
DOUBLE ACTING  O U T S ID E  PA C K ED  P LU N G ER  PUMP 

I N L E T
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Ques. What trouble is experienced in priming?

Ans. Unless the pump be provided with a vent, and inlet 
opening, some part must be removed to get the water into 
the cylinder.

Ques. Describe the essentials of the so-called siphon pump.

SELF PRIMING PUMP

B U C K E T  VALVE

PUMP B A R R E L

PR IM ING  CHAM BER
9̂* 28,—-So called siphon or self primipriming pump.
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Arts. These are shown in fig. 28. The pump casting con
sists of a barrel and outer concentric chamber, the lower end 
of the barrel opening into the outer chamber. As shown tie 
piston is of the bucket valve type with discharge valve at tfc; 
top. The inlet is located also high up so th a t water will be 
trapped in the outer chamber.

W O RK IN G  C Y C L E
SIPHON PUMP

HIGH LEVEL

LOW LEVEL __
VACUUM CREATED

Figs. 29 and 30.— Two stroke working cycle of so called  siphon oi $ 
priming pump.

Ques. Describe its operation.

Ans. I t  is of tire two stroke cycle. The outer chairi# 
is initially full of water. On the down stroke water is trans
ferred through the bucket as in fig. 29. This does not change 
the high water level in the outer barrel. On the up or discharge 
stroke water is drawn into the barrel which causes water k'" 
to  recede in the outer chamber to  a low point. This in 
creates a  vacuum in the outer chamber which causes water to 
flow in from the source to fill the outer chamber.
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CHAPTER 13

Reciprocating Pumps; 
Water End
Construction

In construction, the water end of any pump must be very 
substantial to permanently withstand the shocks or water 
hammer to which it is subjected.

By definition the water end of a pump is: the pump itself, 
j that is to say, the cylinder (or cylinders) valves and piston or 

Plunger. These parts being necessary to pump w ater.

Ques. How do pump cylinders chiefly differ?

Ans. Principally in regard to the location of the valves 
the piston or plunger construction, particularly with 

respect to the packing design.

Classification of W ater Ends .—-A classification of the water 
I end would be, in part, a duplication of the general classification 
| Ewen in Chapter 12; however, there are a few types of water 

end that should be here mentioned. Accordingly water ends 
i PUmPs may be classified:
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1. With respect to cylinder construction, as:

a .  Cast iron
b. Steel
c. Composition
d. Lined
e. Close clearance
f .  Removable

2. With respect to the number of cylinders, as:

a. Simplex
b. Duplex
c. Jrip lex

3. With respect to the pumping element, as:

a. Piston
b. Plunger
c. Single acting
d. Double acting

4. With respect to design of stuffing box, as:

a. Inside packed

b. Outside packed j ̂ ^ ter

5. With respect to the valves, as:

a. Single
b. M ulti
c. No inlet valves (Maema)
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6. With respect to valve construction, as:
a. Rubber
b. Rubber with metal backing
c. Composition,

etc.

7. With respect to the valve chest, as:
a. Single deck
b. Double deck
c. Turret
d. Pot

8- With respect to pressure pumped against, as:
a. Low pressure
b. Medium pressure (tank)
c. High pressure
d. Hydraulic (extra high pressure)

To this list could be added numerous other classifications, 
the variations here listed will indicate the considerable 

diversity of designs necessary to provide water ends suitable 
the many different service conditions encountered.

Cylinder Construction.—The principal differences in cylinder 
design are the form of piston or plunger and the location of 
the valves.

Tig. 1 shows the ordinary construction, being a cylinder in 
toich the piston fits tightly in the bore, having a seal of either 

rings or fibrous packing.
The valve chest or “ water box” as it is sometimes called is of the double

®ck plate type in which the discharge valves are directly over the inlet
valves.'
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The discharge valves are mounted on a plate, the removal 
of which gives easy access to the inlet valves.

That is by removing the chest cover and the plate the inlet valves are 
accessible. The double deck construction is sometimes called the “ sub
merged type” as the inlet valves are above the piston or plunger and the 
cylinder normally remains full of water, which renders priming unnecessary 
on starting.

Ques. What should be noted about the submerged type?

f '9. 2.—Single deck, piston pump. Sectional view  showing entire mechanism.

Ans. While it has the advantage of being very compact the 
flow of water must be reversed since it first flows into the 
cylinder through the lower inlet valves and is then discharged 
trough the upper discharge valves.



Q u es. W hat type of pump is used to avoid this reverslj 
of water flow?
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Ans. The single deck type.

In the single deck type of pump the inlet valves are placed in a to 
below the plunger and the discharge valves in a deck above as shornt 
fig. 2.

Fig. 3.— Exterior view of the pump shown in fig. 2 . Jn construction fa 
to both figures) both inlet and discharge valve  decks are cast integral wl:  .u 
cylinders, the inlet valves being on the lower deck below  the piston.^ ln'
design the valve  port area being very libera l, the pump is adapted partrcul 
to installations where at times a greater supply of water is needed for »-■* 
periods.

Ques. W hat are the characteristics of the single deck 
arrangement?
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4ns. The design gives direct passages for the water through 
the pump, the uniflow of water permitting operation a t high 
piston speed without excessive shock or water hammer.

Ques. For what size pump is the single deck type adapted? 

4ns. For large size.
This type is not as compact as the double deck, and is not adapted to 

small sizes because the casting must be large enough to provide room 
for hand holes through which the valves are reached.

'Double deck double plate piston pump. Note in construction the 
«live chamber is in two parts; by removing the lower casting the lower valve 

ch may be taken off.

Ques. Mention an objection to  the single deck arrangement.

4ns. If the inlet valves leak, water will flow out of the 
finder when the pump is idle, with result th a t priming may 

necessary.

Ques. What are pot valves?
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O M n "S 
u 'to ‘J  ~  S  e  °O O 3 ’■“* IE >
0  Q  Z  JV JJ ' C3 13 ,
t j >_3 "U  -2 T3 ~  t* g  ^

1 - -  f  u - c ^ ^ ° ^ A ns. The term relates more 
11H1 1 1  > 1 1  § |  « « I I  t°  the valve chest than the

. . r£ «X O'! • £
C“» O' O' O'

valves, th a t is, pot valves are 
valves having a separate or 
bolted on valve chest shaped 
something like a pot, hence the 
name.

Fig . 16 shows a cross section of 
one design of pot valve, the walls of 
the casting being of circular form. 
An exterior view of a pump with 
these pot valves is shown in fig. 17.

Ques. Name a type of pump 
having no inlet valves.

A n s. The magma pump.

Ques. For what service is 
this type pump adapted?

5 .“ - !  S A ns. For handling semi-solid 
1 a-jj |  ~ i 1 1 materials, such as acid sludge or■ u j/  ̂ o o *-■ "o .

H r - =  -s l I  "3 - e “ settlings from lubricating oils or
.1 1 t'-f'S 1 1 1 !  ! ! other very heavy residuums.; ° ° o £ « o p 1 (S <5,.;»»uSj5 J
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Ques. What is the distinguishing feature of the mag® 
pump?

Arts. I t  has no inlet valves.

Ques. How does it work?

&Fig- 16.—Section through a double deck pot valve. In construction/^ 
valve decks are contained in a circular pot shaped chamber, hence the n , 
Often there are separate individual castings, their shape giving 9reat,s 
and when separate from the main casting avoids the extra expense ol a 
complicated casting.

Ans. The residuum to be pumped gravitates into a hopP-- 
or funnel inlet entering the cylinder on top a t mid stn> 
In operation, the piston which is of the solid plug type, ^  
off a slug of this residuum each stroke and forces thro»?“
large discharge “block” valves a t each end of the cylinder.
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The construction is shown in the chapter on Special Service Pumps. The 
piston is shown in mid position, hopper closed. As it  approaches either end 
of the stroke it opens the hopper to the cylinder.

Packing—With respect to the method of packing plunger 
pumps to secure a water tight working joint, they may be 
be classed as:

1. Inside packed.
2. Outside center packed.
3. Outside end packed.

f'9.17. Exterior view of pumo.
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Fig. 18 shows design of inside packing.
In  this arrangement the plunger passes through a stuffing box in fc 

center of the pump cylinder.
In  comparison with the outside packed type there are two strong» 

jections to the inside packed pump: 1, the cylinder head must be reefer- 
either for adjusting or renewing the packing; 2, the condition of the packer 
as to leakage cannot be ascertained when the pump is running. Evidai 
the inside packed pump is only suited to pumping water free of foreip 
matter.

l a- l  Pa(ji<ecl plunger. In construction, the plunger passes trow 
a stuffing box in the center of the cylinder. Not much can be said in 'c' 
ot this type and should be used only with perfectly clean liquids—no lore1? 
matter as nobody knows what is going on inside during operation, that«»- 
say, leakage, unless excessive, is not indicated while the pump is in opera» 

otally unsuited to high pressure working with dirty water.

In the outside packed types, plungers pass through stufe 
boxes on the outside of the cylinder.

These pumps are inherently single acting, and for that reason there *■ 
fu a n y  two cylinders arranged on the same axis. Either a long pl^  
(which is virtually equivalent to two plungers) or two separate plu^ 
are used.
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Figs. 19 and 20 show respectively single deck and double 
deck outside center packed pumps.

In each the stuffing box ends of the cylinders face each other, there 
being one long plunger projecting into each single acting cylinder.

The outside packed plunger pattern is designed for rough 
and heavy services for which the regular piston pump is not 
suited.

hg. 19.— Single deck turret type outside center packed pump.

The outside packed type should be used on all work where the water 
l°be handled contains considerable quantities of sand and grit, where the 
working pressure is over 140 lbs. per sq. in . and where it  is important 
rat moving parts are repacked quickly. This arrangement makes 

Possible to pack the plungers from the outside without opening up the
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pump. Also any leakage is at once apparent, it  being easy to keeps 
machine always at its highest pumping efficiency.

Ques. Mention some inherent characteristics of outsic- 
packed pumps.

A ns. Being single acting it requires two cylinders insteau 
of one double acting cylinder for equal capacity and accordingly 
outside packed pumps are more bulky than the inside packed 
type.

Fig. 20 .— Double deck plate outside center packed pump showing one k 
plunger projecting into each single acting cylinder.

Ques. Mention one difference in construction between on' 
side center packed and outside end packed pumps.

A ns. The outside center packed type has one long plunge 
but the outside end packed type requires two plungers becau 
the stuffing boxes are on the far ends.
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Ques. What is the object of the outside end packed arrange
ment?

4ns. It is the most accessible type made.

Fig. 21 shows an outside end packed pump of the double deck (side by 
side) pot valve pattern. The arrangement is here called double deck to 
distinguish it from the single deck pump. As designed each pump valve 
can be reached through its own hand hole cover.

Ques. How are the plungers connected in the outside end 
packed pump?

21. Outside end packed pot valve plunger pump showing arrangement 
accessibility of the stuffing boxes.

•Ins. By side steel rods connected to the plungers by yokes.

Sometimes babbitted bearings are provided in which the side rods work 
i which support the weight of the moving parts, reducing wear on 

Plungers and stuffing box throats to a minimum.

Turret Type Water End.—In the design of water ends a 
casting of circular form is stronger than a straight or box-like 

P6 because the metal is subjected to  tension instead of 
cansverse stress. Accordingly for a given pressure a lighter 

is permissible. This is the underlying reason for 
“>e turret pattern.
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Fig. 22. General appearance of an outside center packed pot vc' 
plunger pump. Compare with the outside end packed pot valve pl“B? 
pump shown in fig. 21.

Cylinder Linings.—On piston pumps there is usually provided 
a brass or bronze cylinder lining. The lining may be either2 
force or sliding fit. For a sliding fit the lining is held in j p  
by bolts or studs passing through a flange a t one end.

The reason for this construction is to render it  easy to remove the Hnfe 
The force fit liners are brass tube and the removable liners are of &  
bronze.

P iston s. As usually constructed, pistons are made of 
iron of the body and follower type, as shown in lig . 26. ^

The general appearance of the turret type pump is shown: 
fig. 24.

In  fig. 24 note that the upper part of the valve chamber is circular“ 
turret shaped, hence the name. In  the absence of the “ plate” const® 
tion, the valves on the lower deck are accessible by removing thS Is? 
hand cover seen in fig. 24.



Reciprocating P u m p s;  W a te r  E n d  Const. 293

VALVES 
VALVE COVER

?' External appearance of a horizontal duplex double deck turret 
VPe pump for general services; for handling liquids at pressures up to 200  lbs. 
Ier sq in. Note the large hand hole for gaining access to the valve on the 
lovver deck.

long rccker

CROSSHEAD

LINER 
W ATER  CYLINDER

SOFT PISTON PACKING L j I ± r J  ^  PISTON 
j  —^ a êr en<̂  showing one cylinder of the horizontal duplex double
deck turret type pump, shown in fig. 22 .
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piston itself is not a tight fit, but depends upon several ringso: 
fibrous packing to prevent leakage. These rings of packing 
are placed between a shoulder a t one end of the piston and a 
follower a t the other.

The assembly is plainly shown in the figure. Sometime; 
metal snap rings are used instead of fibrous packings, especially 
if the pump is to be used for hot liquids.

Fig. 25 shows typical piston for the steam end.

Some designs are made up of numerous parts such as: pist® 
head, follower, ring, spring and patch ring.

In order to avoid possibility of disarrangement and resu ltin g  
trouble with these numerous parts, a simplex arrangement!^ 
been introduced consisting of only three parts: Solid head and 
two rings. This makes it easy to place in the cylinder or change 
the rings.

Some manufacturers rivet the piston onto the rod.



Reciprocating P u m p s;  W a te r  E n d  Const.  295

Ques. Mention an im portant requirement in regard to the 
width of the packing space between shoulder and follower 
of piston.

ins. The distance between the shoulder and follower should 
be a little in excess of the width of the several rings of packing 
to allow for expansion which occurs due to  absorption of water; 
otherwise the packing would grip the cylinder walls too tightly 
causing excessive friction.

Cast iron pistons are ordinarily used, but for pumping corrosive liquids
they should be of brass or bronze.

Piston Rods.—For ordinary construction' piston rods are 
made of various grades of steel including stainless, bu t on first 
class jobs they should be of brass, preferably bronze. With 
composition rods, such performance as water squirting out of 
the stuffing box of a pitted rod is not encountered.

Piston rods may be classed as

1. Whole
2. Divided

Rods are attached to  the pistons or piston and plunger by

1. Shoulder and nut
2. Tapered end and nut
3. Threaded end

These types of end construction are shown in figs. 27 to 29.

Whole or through rods are used on small pumps, but on 
larger sizes divided rods are preferable.

For instance, one leading manufacturer uses whole or one piece rods
°n sizes up to x  334 X  5- Larger sizes are fitted with divided rods.
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follow »

Fig. 26.—Pump water piston with divided piston rod. A  water tight to® 
with the cylinder walls is obtained usually with several rings of fibrous pac H 
as shown, which are held in place by a shoulder at one end of the pis 
and the follower or follower plate at the other.

SHOULDER

Figs. 27 Jo 29.—Various types of piston rods classed with respect to the  ̂
of attachment to the piston or plunger. Fig. 27, shoulder and nut; tig- * 
taper and nut; fig. 29, thread and nut.



Ques. How are the cross head ends of rods attached?
ins. The ends are threaded and screwed into a cross head 

usually of the split type.

Ques. In approved construction what provision is made 
for turning the rods in attaching to the cross head?

ins. The ends are milled square so they may be turned 
with a wrench.
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Figs. 30 and 31 .— Splif cross head showing divided piston rod ends in position.

Figs. 30 and 31 show typical split cross head design. In  the case of a 
solid cross head a nut is provided, as shown in fig. 32.

Valves.—It has been proven by practice after long and 
costly experiments in years past, tha t a number of small 
Valves, instead of one or two larger ones, are more durable 
and tend to quieter operation, th a t is to say, the “slamming 
of the valves,” especially in high speed pumps, as power pumps,
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is not so pronounced. In other words, the lower the lift the 
quieter the operation.

Pioneers such as Worthington, Dunham, Leavitt, Holly and othes 
had occasion to find the truth of these statements early in their careen- 
and so did the author who at one time designed power pumps for city tout

Fig. 32. Solid cross head with threaded piston rod end secured in positP 
by nut.

works. H . F . Dunham confined his practice to 4 or 4H  in . valves 
valves) in all cases, except for pumps of very small capacity. The autbj* 
considers this good practice, as larger valves involve too great lift, and t* 
smaller sizes necessitate an undue m ultiplicity of valve units-)»'6 
expensive in manufacture and entailing a greater degree of servicing.

N°te the flats in each rod to prevent the rod turning when applying a 
to tighten the nuts. Without the flats, a sloppy mechanic w o u l d - probably «f 
Stillson wrench which would leave Its teeth marks on the rod, disfiguring same-
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f PORT OPENING
33. Sectional view of valve and seal illustrating terms lift and port open-mgs.

Ques. How much valve port area should be provided?
4*18. There should be an ample number of valves so that the 
w through the valve seat and out of the valve shall not 

exceed 200 ft. per min.—250 ft. at most.
Ques. What is the valve port opening?

The “slamming” of large valves under moderate speeds (to 
ay nothing of the higher speed of power pump practice) proved 
itself a difficulty hard to overcome, until the principle of keep
ing the valve port area as low as possible within reasonable 
limits had been fully demonstrated.

It should be understood that the expression “ keeping the valve port 
area as low as possible” refers to the area per unit and not to the total area, 
as in pumps of any size there are numerous valve units.

VALVE
VALVE
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Ans. The opening when the valve lifts off its seat for h 
water to flow out of the ports and from under the valve.

Thus in fig. 33 the valve is shown off its seat at a distance LL'
is called the lift, that is , it  is “ lifted” off its seat that distance by the ftp
of the incoming water. When the valve is in this position the port opes?
is that opening represented in fig. 33 by the dotted ring whose widths
AB and touching the outer sides of the ports.

Ques. What should be the lift limit for quiet operation.'

/Ins. Not over J4 in.

Ques. What should be the relation between the lift, P°' 
opening area and port area for ideal working conditions?

A ns. The valve at its maximum lift (}4 in.) should gives 
port opening whose area is equal to the area of the port.

Valve Construction.—The disc valve is the prevailing ty? 
being used in nearly all reciprocating pumps. In construct® 
the valve is a flat rubber disc with a hole in the center ft 
enable the valve to lift easily on the bolt which s e r v e s  as* 
guide.

Ques. WTiat is used to cause the valve to return to ;-: 
seat a t the end of the inlet stroke?

^4/is. A spring.

Ques. What spring shapes are used?

¿ n s .  Usually spiral springs, but in some cases helis 
springs.

Ques. - Describe a typical disc valve unit.
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VA LV E

S E A T

o*pen?nç —f3'ctor‘c,i ° f  £f'sc valve and seat illustrating 14 in. lift and

4ns. As shown in figs. 34 and 35 the valve consists of a 
disc of rubber having a hole through its center, being a loose

PORT OPENING=ABxTD



PORTS
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fit so tha t it can slide vertically or lift upon a guide bolt whici 
is screwed into a hub formed in the center of the valve seat 
Extending from the hub are a number of ribs leaving space 
between, the aggregate of which forms the port.

The illustration shows a spring of the spiral type which presses on to 
valve and held at the other end by the cup spring retainer.

Ques. How strong a spring should be used?

Figs* 36 and 37« Details of typical rubber disc valve and seat. In 
fig. 37, the port design is clearly shown.

BOUT -CUP SPRING RETAINER

VALVE
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RUBBER VALVE MARINE TYPE

KINGHORN VALVE
—Various valves. Fig. 38, rubber valve marine type; fig. 39, 

cje valve; fig. 40 Kinghorn valve. In fig. 38 note built-in retainer with 
â"ipnut on top. This construction permits changing valves without removing 
u "jam its seat. The force fit seat shown in fig. 38 is preferred where pump 

•' .handle salt water or other corrosive liquids. The bronze valve, fig. 39, 
' suitable for hot water, the Kinghorn valve, fig. 40, is composed of three 
, more thin bronze plates. This is often preferred over the bronze valve 
tJecaus® of its light weight.
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A ns. Sufficient to firmly hold the valve on its seat, butw 
too firmly, especially when pumping under long lift.

Q u es. Name one advantage of the disc valve.

A ns. When worn on one side it m ay be reversed and finaliy 
both sides may be resurfaced.

b o n n e t

VALVE

Q u es. W hat valve m aterial is used for p u m p i n g  h o t  water-

A ns. A composition th a t will no t be injured by the In
frequently m etal is used.

VALVE SEAT

W INGS

Fig. 41. Bronze wing guided valve. A  type usually standard eqdpq 
for pot valve pumps for heavy pressure. In operation, the valve works w1 
bronze seat without bars. The seat is forced'into pump cylinder deck®1 
slight taper. Hejical bronze coils are used.

Q ues. How is a nest of valves a ttached  indirectly to & 
valve deck?

A ns. They are attached to  a valve plate ou t of which is cut 
the ports, the plate being bolted direct to  the valve deck?

This was the method employed by the author in designing power pi®? 
for City Water Works.
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Ques. How is the valve seat a ttached  to  the  valve deck? 

ins. It may be either screwed or forced into the deck.

Ques. W hat kind of rubber is used in  valve construction?

4ns. It is varied to  suit th e  requirem ents of the service.

The following tabulation shows general practice.
Air Pumps............................................................Soft rubber

hg.42.—Ball valve. It is a hollow bronze ball working in a bronze seat.

Pumping up to 75 lbs. per sq. in ............ .. .Medium soft rubber
“ “ “ 150 “ “ “ “ ................  “ hard “
“ “ “ 300 “ “ “ “ ................ Hard vulcanized rubber

Ques. What reinforcement is sometimes provided for extra 
heavy service?

ins. The valve is encased in a m etal cap.

Such practice in the opinion of the author is not necessary as if the 
jaive be sufficiently thick there will be no need of such reinforcement and 

e weight will be reduced.



Ques. W hat construction is suitable for pumping hot water: 
A n s. The disc should be made of a composition that will iff. 

be injured by the heat, m etal discs being frequently used.

Q ues. W hat type valve is sometimes used for pumping thick 
liquids?

A n s. Ball valve's.
The balls are usually hollow and made of bronze although a lead or in: 

core covered with rubber is sometimes used.
The valve is returned to its seat by gravity instead of spring presses

Spring Pressure.—In proportioning springs, there are tw 
opposing conditions to be considered in the case of the ink:
r  •  ■ valves. Thes

v a lves  shoulc 
open easily s 
otherwise on 
high lift, tha: 
is, if the verti
cal height of th 
supply level to 
the valves wen
considerable.
the lift of the 
v a lves  shoult 
be small to pfr 
v e n t excessive 
s l i p  or bad 
flow, while* 
valves are clot 

• -----  ing.*
Fig. 43. General external appearance of a bronze multi-disc valve and set

J ?(lves UI?der such  conditions shou ld  close quickly to n **  
wOTking o f the pum pt 3 Sprm g Wlth ve ry  h igh  lift m ay  interfere with the pro?*

a r’ous pes of valves are shown in the accom pany ing illustrations.
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C H A PT E R  14

Reciprocating Pumps; 
Steam End
Construction

Before the coming and development of the centrifugal pum p, 
reciprocating pum ps were used for practically every service. 
The smallest units up  to  the  largest C ity  W ater W orks pum ps 
were of the reciprocating type. The la tte r , although they  were 
highly efficient, were very bulky and expensive.

With the exception of the  very large types or “pum ping en
gines” as they were called, the application of reciprocating 
pumps is very varied.

Classification.—There is a very large diversity of types of 
reciprocating pum ps. T he larger machines are of necessity some
what modified in design from the  smaller sizes and accordingly 
it is evident th a t judgm ent m ust be exercised in  determining 
the proper size and type of pum p best suited to  any given
requirements.
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A classification to be fully comprehensive would fill many 
pages b u t in the listing which follows the  various types wi||e 
classified in sufficient detail for the reader to  get an idea of the 
great variety of reciprocating pumps being m ade.

(Si
r n

s X

S  X ? X

SINGLE ACTING DOUBLE ACTING
Figs. 1 and 2.—Reciprocating pumps 1; Single acting and double acting

O PEN

FORCE

B U C K E T  V A L V E

Figs. 3 and 4. Reciprocating pumps 2; Lift and force single acting-
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Reciprocating pumps may be classed:

1. With respect to  the  cycle of operation, as

a. Single acting 

i. Double acting
c. Lift
d. Force

==\ W f = = X f

J°L

S L  
SINGLE

CYLINDER MULTI CYLINDER
tigSi 5 and 6.—Reciprocating pumps 3 ; Single cylinder and m ulti-cylinder.

2. With respect to  the  num ber of cylinders, as

o- Single cylinder 

Multi-cylinder

3* With respect to  the position of the cylinders, as

<*■ Horizontal 

k Vertical



310 Reciprocating Pum ps; Steam E nd ConstL

4. W ith respect to the pumping elem ent, as

a. Plunger
b. Piston

5. W ith respect to the stuffing box, as

a. Inside packed
b. Outside center packed

c. Outside end packed.

HORIZONTAL VERTICAL
Figs, 7 and 8.— Reciprocating pumps 4; Horizontal and vertical.

PLUNGER PISTON
Figs. 9 and 10.— Reciprocating numps 5; Plunger and piston.
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6. With respect to  the valve arrangem ent, as

a. Single valve

b. Multi-valve

e. Bucket valve

d. Pot valve

INSIDE
PACKED C E N T E R  P A C K E D

figs. 11 to 13.— Reciprocating pumps 6]  Inside packed, outside center 
Packed and outside end packed.

With respect to  pressure, as 

o- Low pressure (tank)
b. Medium pressure 

c• High pressure
d. Extra high pressure (hydraulic)
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SINGLE VALVE

■ -
n.J Ln______
BUCKET VALVE
Figs. 14 to 17.— Reciprocating pumps 7; Single valve, multi-valve, bucfe 

valve and pot valve.

DUPLEX
^'duplex and 19’~ Recipfoca,in9 pumps 8; Single or "Simplex
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8. With respect to  cylinder arrangem ent, as

a. Single (simple)
b. Duplex
c. Twin

9. With respect to  expansion of the steam , as

a. Simple or high pressure
b. Compound

SIMPLE COMPOUND

T R IP L E  E X P A N S IO N
fyh. 20 to 22,— Reciprocating pumps 9; Simple, compound and triple

exPansion.

c- Triple-expansion 

Quadruple expansion

10. With respect to  the application of the power, as

a- Direct connected

b. Power |fly ^
1geared
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11. W ith respect to the kind of power, as

a. Steam

b. Internal combustion engine

c. Electric

d. Hydraulic

DIRECT CONNECTED

Figs. 23 to 25.—Reciprocating pumps 10; Direct connected, fly 
and geared.

12. W ith respect to  the num ber of cylinders of power punk
as

a. Simplex

b. Duplex

c. Triplex

GEARED FLY WHEEL
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14. With respect to  the  drive construction, as
a. Spur gear
b. Helical gear
c. Worm gear
d. Combination silent chain and toothed gear
e. Combination belt and toothed gear 
/. Walking beam

15. With respect to  the kind of liquid pum ped
f clean

a. tta ter 1 with grit or sand
b. Oil
c. Sugar
, /thick and heavy liquids as
d. Magma | syrups> molasseSi tar> etc.

e. Corrosive.

16. With respect to  service, as
a. Boiler feed *. Wrecking
b. Tank j .  Mining
c. General service k. Sinking
d. Fire I. Deep well
e. Hydraulic m. Air
/• Water works m. “Doctor”
£• Circulating o. Test
h. Ballast (on shipboard) p ■ Diesel, etc.

The Simplex System .—The word simplex is here used to  dis
tinguish the single cylinder direct acting pum p from the two 
cylinder duplex or tw in type. H enry R. W orthington in 1840 
invented the simplex or direct acting reciprocating pum p. In  
this pump the essential feature is th a t the movement of the steam 
Pislon (which is direct connected to the water piston or plunger) 
K automatically operated by the movement of the piston.

The arrangement varies considerably on pum ps of different 
fflakes.
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Ques. W hat is the difficulty in obtaining automatic actiffl 
a t the steam  end?

A n s . The necessity of providing a special valve gear, some
what complicated, is because of the absence of a rotating p  
which prevents the use of an eccentric.

Simplex Pump Valve Gears.— In m ost cases the necessary 
movements of the valve gear are obtained from three 'source

1. The movement of the piston
2. The movement of the piston rod
3. The steam pressure

A valve gear thus operated usually consists of:
1. A main valve

Which admits and exhausts steam from the cylinder.
2. An auxiliary piston

Connected to the main valve and moving in a cylinder formed on f-
valve chest.
3. An auxiliary valve

Controlling the steam distribution to the auxiliary piston cylinder as
operated with suitable gear by the main piston or piston rod.

Ques. How does the gear just mentioned work?
A ns. As the main piston approaches the end of the stroke, 

it moves the auxiliary valve.

Ques. W hat results from this movement?
A ns. I t  causes steam to be adm itted to  one end of the a u x il

iary piston and exhausted from the other resulting in a move
m ent of the auxiliary piston.

Ques. W hat happens when the auxiliary piston moves?
A n s. The movement of the auxiliary piston moves the mail 

valve.
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The steam distributed to the main cylinder, thus affected, reverses the 
motion of the main piston, and the return stroke takes place, completing the 
cycle.

Ques. W hat detail varies m ostly in  pum ps of different 
makes?

Ans. The auxiliary valve and the m ethod by  which it is 
operated.

With respect to these features the majority of pumps may be divided into 
two classes as these having:

1. A separate auxiliary valve.
2. Auxiliary valve and auxiliary piston combined.

Simplex Gears with Separate Auxiliary Valve.— In pum ps of 
Ms type the auxiliary valves usually have stem s or tappets
l̂ ich project into the-cylinder at the ends and are moved by con- 
to with the m am  piston as it nears the end of the stroke.
. An example of this class is shown in fig. 31.
Each auxiliary valve I has a short stem  which projects into

toe cylinder.

Ques. W hat happens when the piston strikes one of the aux
iliary valves I?

Ans. The valve is driven back and opens an exhaust pas- 
aSe E, from the corresponding end of the  auxiliary piston F , 
wtoch immediately shifts under pressure of live steam  on the 
opposite side of the auxiliary piston head.

Ques. W hat is the object of the  little hole in each end of
toe auxiliary piston?
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A n s . W hen both auxiliary valves are closed the steam pac
ing through these holes leaves the auxiliary piston entirely sur
rounded by live steam and accordingly in perfect balance end
wise.

Ques. How long does this balance last?

Fig. 31.—Si mplex pump of the separate auxiliary valve type.
the piston as it nears the end of each stroke strikes the stem and lifts the v°I*®n it : p m u n  t o  n  u c u i i  m e  t : n u  u i  e u c n  bTroKe biriKeb m e  M e m  tins* ■■ —  ^
off its seat. This allows the exhaust steam behind the piston valve to e 
The live steam pushes the piston toward the exhausted end carrying 
slide valve along with it.

A n s. Until the main piston strikes the stem  in the opP03* 
cylinder head, a t which time the valve m o v i n g ' operation • 
repeated in the opposite direction.
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Ques. With w hat does the space back of the auxiliary valves 
communicate?

■Ins. The steam  chest.

The connecting passages are shown in dotted lines. The valve is there
fore closed by steam pressure as soon as the piston moves back from the 
stem.

Ques. W hat should be noted about the piston?

'Ins. It closes the exhaust passage before the end of the 
stroke.

Ques. What is the reason for this?

'Ins. To trap the steam  so as to  form a cushion between the 
piston and the cylinder head.

Ques. How is the piston started  on the  retu rn  stroke?

•■ins. Sufficient steam  is adm itted  through a little passage 
in the cylinder wall to  s ta r t the piston.

Ques. How does the auxiliary valve shift the m ain valve?

•ins. In the direction of the piston travel a t  the  end of the 
stroke, that is, opposite to  th a t of a common slide valve.

This valve therefore has two cavities, each of which alternately puts the 
cylinder in communication with the steam chest and the central exhaust 
Port.

In fig. 31 is a lever L by means of which the auxiliary piston may be re- 
•frsed by hand when expedient.



Simplex Gears with Auxiliary Valve and Auxiliary Pistoi 
Combined.—W ith this arrangem ent an initial rotary motions 
given the auxiliary piston by the external gear causing ilk
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Figs. 32 to 34.—Simplex pump of the combined auxiliary  
piston type as described in the text.
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uncover ports which give the proper steam distribution for its linear 
movement.

An example of this class is shown in figs. 32 to  34.

The main v a lv e  is  ope ra ted  b y  a  p o s it iv e  m e cha n ica l connect ion  betw een 
it and the m a in  p is to n  rod , a lso  b y  the  a c tion  o f  the  steam  o n  the  v a lv e  
pistons.

Fig. 32 shows the details of the valve gear and steam  cylinder.

Ques. Describe the construction referring to  figs. 32 to  34.

4ns. The steam end consists of the cylinder M , valve A, and 
valve pistons B and B . These pistons are connected w ith suffi
cient space between them  for the valve A, to  cover the steam  
Ports F and F, as in fig. 34.

Ques. How is the  valve operated?

4ns. By the steel cam C, (fig. 32) acting on a  steel pin D , 
which passes through the valve into the exhaust port N , in 
which the cam is located.

Ques. What is provided in addition to  this positive motion?

4ns. Steam is alternately adm itted  to  and exhausted from 
pends of the valve piston through the ports E  and E , which 
®oves the pistons B and B , fig. 33.

Ques. Describe the operation of the pum p.

. 4ns. Assuming the pum p to  be a t  rest w ith valve A, cover- 
the main steam ports F  and F j , in which position the cam  C, 

“elds the main steam  valve by m eans of the valve pin D , so 
“•at ports E  and E , adm it steam  to one end of the valve piston 
atthe same time connects the other end w ith the exhaust port.
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The steam  acting on the valve pistons moves both, openingt  
main ports F  and F , adm itting steam  to one end of the stear 
cylinder and opening the other end to  the exhaust.

Ques. W hat happens if the valve occupy any other posit» 
than  the one described?

A n s. The main ports F  and F , will be opened for the adie 
sion and exhaust of steam.

I t is accordingly clear that the pump will sta rt from any point o f- 
stroke.

Ques. W hat happens on the admission of steam to tb 
cylinder?

A ns. The main port F , the main piston, cam and valve *- 
move in the direction indicated by the arrows in fig. 34.

Ques. W hat does the first movement of the cam do?

A ns. I t  oscillates the valve preparatory to  bringing it im
proper position for the opening of one of the auxiliary st& 
ports E , to live steam, and the other to  exhaust, also tod® 
the valve mechanically just before the m ain piston reaches V 
end of its stroke.

This causes a slight compression and fully opens one of the ports E - 
steam and the other to exhaust. By the admission of steam tooneer. 
other being open to the exhaust, the valve pistons move t h e  valve to 
the admission and exhaust of steam from the c y l i n d e r  f o r  t h e  returns

Simplex Gears Piston Steam Valve Type.—The single dire- 
acting pum p steam  valve mechanism here described is a rece*- 
development. Changing conditions of service, increasing stê  
pressures, and high tem peratures have necessitated the t$. 
piston steam  valves in replacement of the conventional
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valve heretofore employed, for the reason th a t  the  movement 
of large, unbalanced slide valves m ay be sluggish, resulting in 
uneven and noisy pum p operation, and in rapid wear on the 
steam valve and on the cylinder face on which the valve oper
ates.

This gear is designed not only for high pressure high temperature steam, 
but also for service where the pump must operate without steam cylinder 
lubrication, as in marine installations.

In the valve operating mechanism shown in figs. 35 to  37 the 
reciprocating motion of the piston rod is transm itted  to  the

y'/goi
I'S5' 35 fo 37.—Simplex pump gears, piston steam valve type.
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pilot valve 11, through the piston rod spool 34, the lever 39, 
the lost motion block 47, adjustable valve rod link 49, with 
tappet collars, and the steam  valve rod 54. The small pilot 
valve is of the D slide type.

The slide type pilot valve is used in this new gear, as such a valves 
more easily tightened originally and reconditioned when worn, than is e 
piston valve of the very small size which would be required in these pumpi

The pilot valve is inverted and operated on a separate valve plate wifi 
both the plate and the valve readily removable, without disturbing ai; 
other parts.

Steam and exhaust ports drilled in the pilot valve plate register 
ports drilled in the steam chest 18, which ports lead to the ends of fit 
piston valve chamber in the chest and to exhaust opening.

Reciprocation of the pilot valve alternately admits steam to and perms 
exhaust from the chamber in which the piston valve operates. This piste 
valve chamber in the chest is bored and honed for the reception of & 
ground piston valve. This piston valve 12, in turn reciprocates, admitfii 
steam alternately from the chest to the two ends of the main steam cylinde 
and from the cylinder to exhaust. This alternate admission of steam to 
the ends of the main steam cylinder with synchronized exhaust from th 
opposite end results in the required reciprocating movement of the steam 
piston 7, in the steam cylinder 1. The steam valve is of the balancs 
piston type.

The provision for externally changing the length of travel of the piW 
valve permits easy adjustment of the valve gear to care for wide vanatfc 
in speed and in relative pressures in the steam and liquid ends of the pun)?-

The steam chest is constructed with five main ports.' Live steam 
enters through the two outside ports. The two intermediate ports connect 
to the ends of the cylinders and are combined steam inlet and exhaust 
ports. The central port is the exhaust outlet.

In fig. 35, the steam inlet to  the chest is a t  the left and the 
exhaust a t the right. The chest is symmetrical and can be ip 
versed if required to provide steam  a t the right and exhaust at 
the left.

In the piston valve 12, three ports are provided, the'two outer 
for steam inlet and the center for exhaust. The valve is hollow andtw
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steam ports intercommunicate. There is consequently a flow of steam 
from two sources when the ports are uncovered. There is but one main 
port to each end of the main steam cylinder. Two communicating open
ings are provided between each of these ports and the cylinder bore.

The small opening a t the end of the cylinder has two functions. Through 
it, a small volume of steam is adm itted to the cylinder a t the beginning 
of the stroke, while the piston covers the inner and larger ports, preventing 
admission of steam at tha t point.

By retarding the admission of steam a t this beginning of the stroke, 
the moving parts of the pump and water column are gradually actuated up 
to the point where the main steam port is uncovered by the steam piston, 
thus insuring that the pump will operate without shock or water hammer.

When the piston advances so tha t the inner, larger steam port is un
covered, steam enters the cylinder through both openings. Near the end 
of the stroke, the larger inner port through which the spent steam has been 
passing to exhaust is closed by the piston.

The steam remaining in tha t end of the cylinder is, therefore, trapped 
and compressed, providing cushion to absorb the inertia of the moving 
parts and of the water column and giving smooth, quiet deceleration, 
As the trapped steam then passes out through the starting port, the piston 
continues its movement slowly until reversal occurs.

The stroke of the pum p m ay be lengthened by  an increase in 
the distance between the nuts on the outside adjustable valve 
link.

This increase in the lost motion retards the movement of the pilot valve. 
Conversely, a decrease in the amount of the lost motion will result in a 
corresponding shortening of the stroke of the pump. In general, it is 
desirable to so adjust the lost motion as to give the longest possible stroke 
attainable, without permitting the piston to hit the heads, as a long stroke 
results in most satisfactory operation and minimum steam consumption.

The Duplex System.—By definition, a duplex direct acting 
PUmP is a combination of two pum ps arranged side by side and 
ss connected that the piston rod of one pum p in making its stroke, 
a:ts through a simple mechanism to move the valve which admits 
sleo,n to the cylinder of the other after which it finishes its stroke
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and waits for its own steam valve to be acted upon by the mownti 
of the piston of the other side before it can make its own retui. 
stroke.

Ques. Name a desirable characteristic of the duplex pump. 

A n s . There is no dead point a t any stage of the stroke.

Ques. Why?

A n s . Because one or the other of the steam  ports is always 
open.

Ques. W hat is the comparison between duplex valves ami 
simplex valves?

A n s . The valves of a duplex pum p are mechanically operated 
and not the steam thrown valves necessary w ith the simple* 
pumps.

Ques. W hy does a duplex pum p have five ports for each 
cylinder?

.4/is. In  addition to  the three ports necessary for operation 
two other ports are required to provide cushioning.

I t will be seen from fig. 38, that the valve seat has five ports, givh' 
separate steam and exhaust passages and a central exhaust cavity as show-

The passages Q and K, nearest the ends are steam passages, and the ini® 
passages O and R, are for exhaust. These inner passages are covers 
or closed by the piston just before the end of the stroke whereby a porti® 
of the exhaust steam is compressed and made to  act as a cushion bet«® 
the piston and cylinder head, thus preventing the piston striking 
cylinder heads when operating a t high speed.

Ques. Describe the steam  distribution w ith the-piston ap
proaching the end of the stroke.
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STEAM y  I f t  I I \  ^  STEAM

EXHAUST -s I . EXHAUST

EXHAUST CAVITY

¡̂9. 38.—Duplex pump steam valve and valve seat. H and F are the steam 
edges of the valve and G  and I, the exhaust edges. Q  and K are the steam 
Ports and O  and R the exhaust ports. The exhaust casting Is at the center. 
Note there are five ports In all.

Ques. How is the degree of cushioning regulated in some 
Pumps?

Ans. By cushion valves.

Ans. In the position shown in fig. 39, the valve covers four 
ports. Steam is here adm itted  through the passage a t  the  right 
end, causing the piston to  move as indicated by  the arrow. 
During this the steam  port a t  the  other end is closed and the  
exhaust port a t  th a t  end is open, b u t the  exhaust passage is 
closed by the piston, which traps some of the  steam  and cushions 
the piston.

Ques. Where are they located?
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A n s. These valves are placed in a passage leading from the 
steam  port to  the exhaust port a t each end as indicated in fif. 
39.

Ques. Explain their operation.

A ns. When a cushion valve is partly  open, some of the steam 
compressed in the clearance space and its steam  port escape 
into the exhaust port, thus reducing the cushioning effect.

Ques. W hat effect has this on the  piston movement?

F ig . 39 ■—Steam end of Duplex pump showing cushion relief passages.
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STEAM PORT — J  CEN TRA L OR NEuTRAl

EXHAUST PORT POSITION

F ig . 43 .— Non-expansion working valve for direct connected P^L.!; 
absence of lap allows the cylinder to take steam the full length ol the

NON-EXPANSIVE WORKING VALVE
( f o r  d i r e c t  c o n n e c t e d  p u m p s )

F ig . 42.— Expansive working valve for fly wheel pump. In this class of p», 
the dynamic inertia stored up in the fly wheel during the first part R'Jlf i  
(up to cut off) keeps the pump going during the expansion period whes ■ 
pressure in the steam cylinder is not high enough to overcome the resist»- 
at the water end.

EXPANS IVE  WORKING VALVE
( f o r  f l y  w h e e l  p u m p s )

O U TSIDE  L A P  —  IN S ID E  L A P

N O
O U T S ID E  L A P

NO
INSIDE LA?
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-Ins. The piston moves closer to  the cylinder head before 
it stops.

The need for cushioning increases with the speed of the pump. Where 
the speed is increased it is necessary to  increase the cushioning effect by 
partly closing the cushion valves. These valves provide a simple means 
of obtaining a full stroke of the piston without danger to the pump whether 
its speed be fast or slow.

Ques. How are the valves proportioned?

Arts. They have no outside lap nor inside lap.

Ques. What is lap?

Arts. It is th a t portion of the valve face which overlaps the 
Ports when the valve is in its central or neutral position, as in 
% 43.

Ques. What is the difference between outside lap and inside
lap?

Arts. Outside lap A B, is lap referred to  the steam  port and 
“'side lap C D, is lap referred to  the exhaust port, as in fig. 43.

Ques. Why do the  valves have no lap?

Arts. Because a direct acting pum p m ust take steam  the 
■'hole length of the stroke and have no compression except th a t 
^ded for cushioning. See fig. 42.

According in neutral positions the valves just cover the steam ports 
fading to opposite ends of the cylinders. Note the relation as shown 
111 fig. 38.
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The Duplex Pump Valve G ear.—The mechanism or gear 
which operates the valves of a duplex pum p consists (for eadi 
cylinder) of a:

1. Cross head
2. Long rocker arm
3. Rocker shaft
4. Short rocker arm
5. Connecting link
6. Valve stem

5 CONNECTING UNK

1 CROSS HEAD

Fig. 44.—Duplex valve gear shown for one side of the pump.

DUPLEX GEAR
( s e t  for o n e  c y l in d e r )

6  V A L V E  S T E M

L E F t  STEAM 
CYLINDER

SHORT ROCKER ARM

3  ROCKER SHAFT

2  LONG ROCKER ARM

PISTON ROD

RIGHT WATER 

CYLINDER
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On the pump there are two sets of these parts—one set for 
each cylinder. However, in order to  clearly show the  assembly 
one set only is shown in fig. 44.

Referring to the illustration, the source of motion for operating the valve 
of the left steam cylinder is obtained from the piston rod of the cylinder 
on the other side. As shown there is a cross head 1, attached to the rod 
in which works a long rocker arm 2. The reciprocating motion of the rod 
imparts an oscillating motion to the long rocker arm. This rocker arm is 
attached to a rocker shaft 3.

The rocker shaft works in a.long bearing which is not shown in order to 
make working parts visible.

At the other end of the rocker shaft is attached a short rocker arm 4, 
which in operation rocks or oscillates in unison with the long rocker arm.

The oscillating motion of the short rocker arm imparts a reciprocating 
motion to the valve stem 6, through the connecting link 5.

Ques. Name one detail not shown in fig. 44. 

Ans. Means for introducing “lost m otion” in the operation 
of the gear. 

Duplex Valve Gear “ Lost M otion.”— There is a lw ays a lost 
motion between the slide valve and the valve rod operating it so that 
Me wive does not move until the piston on the one side which oper- 

has travelled some distance.

This affords a short pause in the flow of water a t the end of a stroke 
mid gives the water valve an opportunity to  seat quietly before the reverse 
stroke takes place. The piston on the other side in the meantime having 
renewed its movement, tends to lessen pressure and flow fluctuations.

Ques. How long is the lost m otion pause in general practice? 

Ans. From about one-quarter to  possibly one-half the whole 
-rake of the piston, depending upon the am ount of lost m otion 
® the valve gear.
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Ques. Is the lost motion adjustable?

A ns. On some pumps yes; on others no. The lost motion 
should be adjustable on all pumps.

“ Lost M otion” M echanism.—On some pum ps this detail is 
inside the valve chest where it  can’t  be reached without stop
ping, cooling the pump and taking off the valve chest head. 
Such designing is stupid.

On other designs it  is placed outside forming a part of the 
connecting link (5, fig. 44) where it ought to  be—easily accessi
ble.

With this arrangement the lost motion may be adjusted while the pun? 
is in operation. In fact the pump should be in operation to proper? 
“tune up” the lost motion.

The lost motion may be either

1. Fixed or
2. Adjustable

and the mechanism may also be classed with respect to location 
as,

1. Inside

2. Outside

Fig. 46 shows an inside fixed  or non-adjustable mechanism.

As shown, it consists of a block threaded on the valve rod, the block 
being a loose fit between two lugs on the steam valve, the amount of sp305 
between the block and the lugs constituting the lost motion.

This arrangement might go on very small or cheap pumps, but in 3 
class design such makeshift would not be tolerated. - __

This inside fixed lost motion is shown in more detail in fig. 45. T‘- 
illustration also shows the shbrt rocker arm in its two extreme p o s i t » »
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F ig . 47 .— Inside ad justab le  lost motion mechanism shown in detail also 
ment of short rocker arm.

The arrangement has the objection of being inaccessible, despite theofte 
advanced claim tha t it is an advantage from the point of view of a pro
tection against tampering a t the hands of a greenhorn.

Fig. 49 shows a first class outside adjustable mechanism.

ENCLOSED INSIDE^ FIXED LOST
MOTION

BLOCK

VALVE

F ig . 46 .— Inside fixed  lost motion mechanism as made for very small or chec. 
pumps.

LOST MOTION v  (ADJUSTABLE) ADJUSTMENT
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INSIDE
ADJUSTABLE

LOST MOTION



D
IV

ID
E

D
 

C
E

N
T

R
IF

U
G

A
L

L
Y

 
C

A
S

T
 

p
a

c
k

in
g

 
r

in
g

s
 

p
is

t
o

n
 

r
o

d
 

l
i

n
e

r
s



Reciprocating Pum ps; Steam  End Const. 341

The slide valve and valve rod move together without any lost m otion, 
the clearance or lost motion being provided on an extension of the valve 
stem (corresponding to the link). In this construction the collars or nuts 
may be adjusted to increase or decrease the lost motion while the pump 
is running. Since it is not necessary to remove the chest cover, or even 
stop the pump, adjustment may be very quickly and conveniently made 
“tuning” the gear to any change in operating conditions.

Fig. 51 shows an  outside fixed  lost m otion arrangem ent, a 
type designed mostly for large and expensive pum ps.

'3' 51.—Outside fixed  lost motion mechanism; yoke type. Yoke M and 
block S, pivoted at the short rocker arm end. In this design the lost motion 
cannot be changed without altering the length of the block S , but the length of 
be valve stem can be adjusted by means of the sleeve nut N.

Here the lost motion cannot be altered without taking off or adding 
to the ends of the block S, but the sleeve nut in the connecting link is a good 
device for altering the length of the valve stem.

According to Raabe: “ I t  is seldom the case th a t  the  am ount 
°flost motion has to  be altered and unless the operator be thor- 
oughly familiar with the details and design of the pum p he 
fwuld not undertake such alterations, as the designer knows 

tlie requirements.”
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Duplex Valve Gear, E n tire —The complete valve gear, th a t 
is, the two separate gears (one for each pum p), is shown in fig. 
52. It will be seen th a t  although there are two “sets” of gears, 
the parts making up the mechanism are the  same for both  
sides excepting long rocker arm s C and L , which are of different 
lengths.

It will also be noted th a t  short rocker arm  G (which is moved 
by long rocker arm  C) points down, while short rocker arm  J  
(moved by long rocker arm  L) points up.

This arrangement of the short rocker arms is necessary in order tha t 
one of the slide valves which they move (both valves being alike and of the 
plain “D” type) shall admit steam a t the opposite end of the steam cylinder 
so as to reverse the piston stroke. W ith regard to the long and short rocker 
arms, while they are of different lengths the two moving together have the 
same ratio of lengths as the other two and as each rocker arms have the 
same length of travel, the short rocker arms also move the same distance.

On account of the reversal of the short rocker arms (one pointing down 
Md the other up) the difference in long rocker arms is a  mechanical necessity 
m order to bring the valve rods to a common elevation. One unit of the 
valve gear is shown on page 334.

Ques. On simplex pum ps when is a D and B valve used?

-bis. The D valve is used on gears in which the  valve follows 
die piston movement; the B valve is used on gears in which the 
valve moves in reverse direction to  the piston m ovem ent.

Ques. W hat names are usually objectionably used for short 
fockers and for long rockers?

•-^s. Cranks for short rockers and levers for long rockers.

Duplex “ D and B” Type Valve G ear.—-In order to avoid the 
^ rate Passage at each end of the cylinder, a type of gear has 

611 devised which employs a D, valve on one cylinder and a
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B, valve on the other cylinder. The difference between tie 
valves is shown in figs. 53 and 54.

Using a D valve and a B valve permits a unique arrangement of st£ 
passages.

The prime reason for this design as just stated is to get rid of thesepa# 
passage at each end of the cylinder used for cushioning.

Figs. 53 and 54.—Difference between D and B valves. The reason fori** 
two types of valves is explained in the text. B valves are used on 
having separate auxiliary valve in which the piston contacts with stemŝ  
tappets which project into the cylinder at the ends.

a b e d
A N D

a' b c'd'
► STEAM PORTS 

A B C D  EXHAUST

Fig. 55.—Valve seat illustrating ports.

D V A L V E B V A L V E
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'9' 56,—Sectional view of steam chest and valve seats illustrating passages, 
°lso giving graphic definition of important parts. The steam and exhaust 
Passages terminate with fillets as M , S, so that the ports may be properly 
"whined. B, C, and F, G , are the steam ports: C, D, and E, F, the bridges 
ona D, E, the exhaust port. O f course BC, FG and DE represent simply 

width of the respective steam ports and exhaust ports, the areas being 
™e product of these widths times the common length. It should be noted 
that the valve seat extends from A 'to  H , giving the seat limits. These seat 
Hmts are provided expressly so that the valve will overtravel each in its “ ex- 
reme positions” in order not to wear a shoulder in the metal.

Qties. What is clearance? 

An$. The volume between the  cylinder head and piston 
''hen the piston is beginning the stroke plus the volume of 
steam passage.

Ques. Why are the extra cushioning passages objectionable? 

ins. It increases the  clearance considerably which reduces 
the efficiency of the pum p, th a t  is, it  results in a waste of steam .

All direct acting pumps, since they must take steam full stroke, do not 
have the advantage of the saving due to expansion and are therefore notori
ously large consumers of steam.
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Clearance is expressed as a percentage of the volume displaced by ih 
piston in one stroke.

Ques. W hat mistake is usually made in using the word pd

steam cylinders of a duplex D-B pump showing1: 
ports to each cylinder. The two outside ponj 

steam ports and the center port the exhaust port.

Fig. 58. Bottom of one B and one D valve forming a part of the D-B sysi2̂

Arts. Calling a passage a port.

Ques. W hat is the difference between a port gnd a passaff 

A n s . A port is the entrance a t the valve seat to either a
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*9S« 63 fo 69.—Parts of dupl ex B-D  valve gear.

i - r  _ 'UP vlew or duplex U -B  pump with valve chest cover removed sho 
e D-B valves side by side, also other details of the valve gear.
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LINK

'P I N

V A L V E  a O DL I N K

V A L V E  R O D  HEAD

U P PE R  ROCK SHAFT
L O W E R  R O C K  S H A F T

K E Y

CRO SS HEAD

K E Y

! L O N G  LEVER
S H O R T  L E V E R

F ig s , 71 to 80»—Parts of ordinary duplex valve gear.

Figs» 81 an d  82.—Views of ordinary duplex rockers and standard.
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steam paassge leading to  the cylinder, or 2, the exhaust passage 
leading to the exhaust pipe.

It must be evident from the answer th a t a port has only 2 dimensions 
and a passage 3 dimensions; in other words a port has area and a passage 
volume. The difference is shown in figs. 55 and 56.

LU
83.—Duplex D and B , valve gear, the object of which is to avoid separate 

exhaust passages for cushioning and the steam waste caused by an unduly 
la,ge clearance.
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Ques. Describe the D-B valve gear.

A ns. The gear is shown in fig. 83, with the  cylinders turned 
each 90° for convenience in showing the rockers and steam 
valves. All the parts are here plainly shown.

1 and 5 are D valve steam passages
2 “ 6 “ B “ “ “
3 “ 4 “ exhaust passages
7 “ 8 “ valve stem nuts

Ques. W hat is the feature of the rockers 9 and 10?

A ns. They are duplicates and therefore interchangeable.

Ques. W hat is the object of the small drilled holes?

A ns. They are for starting.

Ques. Describe the starting passage and its action.

A n s . This is a small drilled passage which admits steam tv 
the cylinder when the piston covers the  m ain passage as tK 
piston passes this passage when cushioning.
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C H A PT E R  15

Reciprocating Pum ps; 

Operation
The term operation in the title  of this chapter as well as the 

other chapters on “operation” is extended broadly to  include:

1- Erection
2- Operation
3- Maintenance
4. Repair

1. Erection
Location.—A pum p should be located in a light, clean, dry 

and warm place, as close to  its work as conditions will conven
iently permit. The location should be such as to  avoid long 
‘det and discharge lines w ithout a m ultiplicity of elbows. If  
a purnP be so located as to  be exposed to  an atm osphere filled 
JJth smoke, grit, m oisture or d irt, it  will be subject to  rapid 
deriation of the working parts.

Ques. W hat precaution should be taken  when it is necessary 
t0 Place a pump in a pit?
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A n s . Provision should be made to  safeguard against flood;.

Q u es. How should electric drive pum ps be located? 

A n s. They should not be placed in dam p or moist places.

Unless the oufit was especially designed for such service.

3 'i i"- ¡Template (in part) for locating anchor bolt centers, pipes throuf
which the bolts pass and bolt boxes at lower end of bolts. The comply 
foundation is shown in fig. 2, with template removed. The template ism»* 
of plain boards upon which the center lines are drawn, and bolt center locate-- 
Holes are bored at the bolt centers to permit insertion of the pipes as snô

Q u es. W hat is especially im portant in location?

4  n s . A proper space should be provided all around the pu® 
so th a t all parts requiring inspection, adjustment, or repair^ 
conveniently accessible.

Q u es. M ention another im portant point.
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ins. The pum p should be located and connected so as to  
secure a full and uniform  supply of w ater or other liquid to  be 
handled regardless of fluctuation of the liquid level a t  the 
source.

Ques. How should the pum p be located w ith respect to  the 
water supply level?

The extreme theoretical height to  which water can be lifted by atmos
pheric pressure alone is 34 ft. In practice 25 ft. is considered the limit 

r satisfactory operation.

In locating the pump with respect to  the water supply level, due allow
ance should be made for the frictional resistance of the inlet pipe line so

mmrnnrn,

CEMENT

GROUND LINE 
ïïmmmmvrmr.

IÎ9* 2.—Concrete foundation showing method of installing the anchor bolts.

hit even under unfavorable conditions.

that the dynamic (not the static) lift will not exceed 25 ft.
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Foundation.—Having determined the exact location of the 
pum p, the  next thing to  be considered is the foundation, M 
ordinary wooden floor is sufficient foundation for small pump; 
b u t larger units should be placed upon a w ell constructed cm- 
crete foundation.

Erection including construction of foundation and anchor« 
pum p thereon should be done only by a thoroughly skilled <® 
competent m an.

In case the unit be large enough for a concrete foundation, excavatit 
should be carried down until firm soil is reached.

When the excavation has been carried down to  the required depth, s 
surface should be levelled and thoroughly tamped, keeping it quitedai? 
while the tamping is being done.

Concrete makes a most excellent foundation.

A good mixture consists of one part Portland cement, two parts da 
sharp sand, and three parts broken stone. Only the best grade of cm* 
should be used. A good foundation is an unyielding foundation.

Tem plate, Bolt Pipes and Boxes.—For pum p units r e q u ir ®  
foundation work, the m anufacturer furnishes blue prints giv® 
the proper dimensions for the foundation, also center lines giv
ing locations of the bolt holes in the pum p base casting.

A wooden tem plate should be made w ith holes c o r r e s p o n d ®  
to  those in the pum p base, as directed by the blue print. Dett- 
of part of such a tem plate is shown in fig. 1.

The template is placed in position, such as it would be if resting®11, 
completed foundation, being carefully levelled and anchored in posit»

Next, tin pipes, a t least 2 ins. larger in diameter than the bolts. 
suspended centrally from each hole, reaching to the anchor space, so © 
when the concrete is poured, there will be a margin of space around each »  
permitting lateral adjustment to allow for any minute errors in roeast3*- 
ments, and to facilitate the removal of a bolt in case of breakage.
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After these pipes and the necessary forms are in place, the concrete 
should be prepared in sufficient quantity th a t the volume of the foundation 
may be filled with one pouring. The foundation should be completed a t 
least fifteen days before the pump is placed upon it, by which tim e it 
should have become sufficiently hard to resist the weight of the engine.

Of course, the tim e required for hardening of the cement will depend 
upon the size of the foundation.

Placing Pump on Foundation.—W hen the  foundation has 
been completed the  base of the  pum p (or the  entire pum p de-

4 .—End and side view of pump cylinder showing placement of 
and space for grouting.

pending upon size) should be placed on the foundation in posi
tion so that the bolt holes in the  base will register w ith those in 
the foundation. 

Thread in the foundation bolts, assembling pocket plates and 
nuts as shown in fig. 2. 

Suitable levelling wedges as shown in figs. 3 and 4, of iron or 
steel, are placed a t  proper intervals to  support the load solidly 
without springing.
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Adjust the wedges until the baseplate is level as indicated by an act»* 
level. Keep the level and all surfaces very clean when levelling.

After the grout is poured and fully set, the foundation bolt; 
can be tightened up, using care not to  d istort the base or bee 
plate by the pull of the foundation b o lts .’

Check alignment after pulling up on foundation bolts, as every base pis 
is elastic, no m atter how heavy it is, and will spring to  a certain extel 
The alignment of all pumping units must be accurately and permaneA. 
established if successful operation is to be secured.

Inlet Piping.—In laying the inlet pipe, always maintains 
uniform grade upward toward the pum p a t least six inchests 
the hundred feet, so as to  avoid air pockets.

Where the water supply is taken from a distance, it is well to lay the irk 
pipe below the level of the water in the source of supply, all the way toti* 
pump, and then to carry the pipe up vertically directly to the pump. J3 
this way most of the inlet pipe will always remain full of water, a n d  la
bility to air leakage is prevented.

Where pipe has to be laid underground use cast iron flanged pipe f°ri 
sizes obtainable.

Ques. W hat precaution should be taken in laying pipes- 

A n s . Care should be taken to  prevent foreign matter, sub' 
as sand, sticks, or metal chips from tapped pipes, entering & 
line.

Material of this character will quickly cut out the lining, pistons 
valves of a pump and cause serious injury. The same remarks apply W 
even greater emphasis to the steam pipe of the pump.

Ques. In  laying inlet pipes what should be guarded against-
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A very small air leak will prevent the proper working of the pump and
impair.its efficiency greatly.

Ques. W hat should be done before covering the  inlet pipe?

Ans. The inlet pipe should be tested a t  a  pressure of about 
25 lbs. per sq. in. to  determ ine if there be any air leaks.

Ques. W hat provision should be attached to  the inlet line 
to insure a quick starting  pum p on high lifts?

dns. For lifts say 15 ft. or over or on a 100 ft. line or more 
provide a foot valve.

Ques. W hat else should be provided when the w ater supply 
contains foreign m atte r th a t m ight clog the valves and passage
ways of the pump?

Ans. A strainer.

When strainers are used they should be located where they can be
frequently inspected and cleaned.

Ques. W hat should be provided to  relieve the valves from 
unnecessary duty?

Ans. A check valve should be placed in the discharge line 
dose to the pump so th a t  the weight of the column of w ater will 
n°t rest on the valves in the w ater cylinder when the pum p is 
topped. This makes it  easier to  s ta r t the pum p. I t  also pre- 
Wnts water entering when pum p is opened for examination and 
repairs.

Ques. W hat should be provided where the pum p works with 
lift?
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Arts. A priming pipe leading to the cylinder of the pump. 
If the inlet pipe be provided w ith a foot valve, this primiii 
pipe m ay be led to  the inlet box of the pum p.

The priming pipe may take its supply from a tank or from the disctes- 
pipe of the pump, being connected to  the discharge pipe a t a point beyra. 
the main discharge shut off valve.

An air cock is provided on the water cylinder cap, and on opening tb 
air cock the water from the priming pipe will fill the cylinder, the 2 
which it contains passing out through the air cock.

1 INLËT- ■

-A IR. PO CKET -

WRONG W AY

■\\vt\\\\ V v\\ ---------------------- ~ — ------ ----ASSfflSEf
-

RIGHT W A Y
Figs. 5 and 6.— Right and wrong method of installing inlet piping to P“s;

II
Q u es. How deep should the inlet pipe project into the ^  

or source of water supply? 

A n s .  Deep enough to  insure the pipe being submerged 
the  w ater is a t  its lowest level.
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It should not extend too near to the bottom of the well where there is a 
possibility of the pipe becoming clogged up with foreign m atter. Large 
pipes are usually submerged four times the diameter and small pipes two 
or three feet.

Figs. 5 and 6 show wrong and right way to install inlet pipe line. 

VACUUM C H A M B E R

,  VACUUM . y  C H A M B E R  \

INLET

INLET

9̂S' 7 1° 10.—Various locations of on pumps.
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Inlet Air Chamber.—An inlet air chamber placed on the ink 
pipe close to  the pump is desirable for fire pum ps, pumps wit 
high lift, short stroke pumps and pum ps running at i# 
speed. Care should be taken to  locate th is inlet air chamte 
in a continuation of the line of flow in the  inlet pipe, so as to 
receive the impact of the water column and thus cushion the 
pulsations in the most efficient m anner.

Figs. 7 to  10 show examples of proper attachm ent.

Discharge Air Chamber.—An air chamber in the discharge 
side is necessary for single acting pum ps of either the simple 
or duplex type, also for power pumps.

A discharge air chamber is not necessary for duplex double-acting If 
service pumps where the discharge pressure does not exceed 75 lbs. persq.r 
or for small duplex double acting pumps for general service (10 X 6 X1- 
and under).

Ques. W hat should be the volume of the air chamber?

A n s. I t  should be six to  eight times the displacement for sin
gle direct acting or for crank and flywheel pum ps. For duple* 
pumps the volume should be three to  four times the displace
m ent.

Quer.. How is the size of the discharge piping determined?

A n s . th e  velocity in the discharge pipe should not exceed 
300 ft. per m in., for the best results. For the purpose o-f estimat
ing the cost of a discharge line the diam eter of the pipe maybe 
calculated from the formula:

A = gals’ Per min. X 231 
300 X 12
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in which A =  Cross area of pipe in sq. ins.
D =  Diameter of pipe in ins.

Piping Accessories.—The discharge pipe should be installed 
with a check valve and a gate valve near the pum p outlet.

Ques. Why?

Ans. The check valve protects the pum p from pressure on 
the discharge valves when the  pum p is no t working. A gate 
valve is necessary in  case of repairs.

Ques. W hat other valve should be provided?

Ans. A relief valve.

A relief valve should be placed next to  the pump, in the discharge pipe 
of every power driven positive displacement pump.

This valve is for the purpose of protecting the pump against breakage 
caused by the closing of the main discharge valve, thus increasing the 
Pressure above the maximum for which the pump is designed. S.

The spring should be frequently tested to prevent sticking. The spring 
should be set so as to open a t a pressure slightly in excess of the maximum 
operating head.

Steam End Piping.—Steam  and exhaust pipe connections 
should be made with due allowance for the  expansion of the 
steam pipe when heated by the steam  and of ample size, never 
less than the steam  and exhaust opening on the pum p.

Ques. How are the pipes proportioned?

Ans. The steam  pipe is sized for a flow of steam  of 6,000 ft. 
Per minute and the exhaust for 4,000 ft. flow.

Ques. W hat valves should be p u t in the steam  line?
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A n s. A throttle  valve, as close to  the pum p as possible, ani 
a drip cock or bleeder valve for draining the main steam pipe 
before starting.

I t  is desirable to place a  drip cock or small valve between the throttle 
and pump to protect the pump when not running from an accumulation ft 
condensate in case there be any leakage past the throttle—this is very 
important in case of units liable to stand idle for long periods.

2. Operation
In  operating a reciprocating pum p there are some preliminary 

things to  be done before starting the pum p.
In  general the lubrication system should be filled with the 

proper lubricant.
The cylinder relief cocks should be opened and if there be a 

by pass, the cylinder m ay be warmed by slightly opening the 
by pass valve. In  the case of large compound condensing 
pum ps with independent air pum p, the air pum p s h o u l d  be 
started  before warming the cylinders.

Q u es. In  starting a pump or steam  engine of any type, wl® 
is the m ain thing to  guard against and why?

A n s . Excessive condensation in the cylinder because of tie 
danger of injuring the cylinder head and moving parts as the 
piston approaches the end of the stroke.*

♦ N O T E .— W ater is  an unyie ld ing substance w hen it  fills the clearance spp 
and  is acted u p o n 'b y  an approaching piston, especially in. the case of fly * 1 , 
pum ps. I t  causes a shock to the cylinder head and  m o v in g  parts as well, 
in  extreme cases even though the relief cocks be open, there is danger of 
the pum p. A cco rd ing ly  in starting, steam  should be adm itted very graou-. 
an d  the pum p  slow ly b rought up to speed.
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Ques. In the progressive opening of the th ro ttle  if a  knock 
be heard at the end of each stroke, w hat does this indicate and 
why?

ins. Water hamm er due to  excessive condensation.
i

Ques. W hat should be done in such case?

Ans. Gradually close the th ro ttle , or if the knock be not 
severe do not open th ro ttle  any wider until the knocking 
ceases.

Ques. After pum p has been brought up to  speed w hat should 
.be done?

ins. The relief cocks should be gradually closed.

In closing them if a knock be heard it  indicates th a t they have been 
dosed too soon and must be reopened and not closed until all parts have 
reached their normal working temperature, under which condition there 
will be no further water hammer due to  excessive condensation.

Navy Instructions on O perating R eciprocating P u m p s.— T h e
instructions of the Bureau of Engineering, U nited States N avy 
Department, on operating reciprocating steam  pump9 are, in 
condensed form, as follows:

To start a reciprocating pum p, proceed as follows:

Oil pins of steam valve operating gear and set up on all grease cups. 
Open water end valves, first inlet, then discharge.

Open cut-out valve, first in exhaust line, then in steam line. Open steam 
cylinder drains, first top, then bottom.

Open exhaust valve a t pump.

Crack throttle valve, and open it slowly so as to  adm it steam and warm 
UP gradually.
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Close steam cylinder drains, after pump makes a few strokes and st£ 
cylinder is clear of water.

Bring pump up to proper speed by sufficiently opening throttle valve
Close cushioning valves until an adjustm ent is obtained that pens 

silent and smooth working of pump, without knocking a t end o f  strokes 
without a t the same time reducing speed of pump too much a t end of stiffi

To stop and secure a reciprocating pum p, proceed as folios

Close throttle valve.
Close exhaust.
Open cylinder drains, first top, then bottom.
Close water end inlet valve.
Close water end discharge valve.
Close steam and exhaust cut-out valves, or root valves.
After steam cylinder is drained, close steam cylinder drains.

Instructions on starting condensing w ith various types« 
condensers are given in Chapter 24, “Condensers: Operation.' 

Ques. In  starting w hat a ttention should be given to valve 

A n s. When starting a pum p, make sure th a t valves in6' 
haust, inlet and discharge pipe lines are open, and also a l ld r a s  
valves on steam  end of pump before opening steam  valve. 

Ques. W hat other attention should be given before a n d  d f  
ing running? 

A n s . All bearings, joints of moving parts and piston 
should be lubricated before starting pum ps, and then at intff' 
vals when in operation.

Lubrication should be frequent but not so abundant as to gum up or* 
joints.
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Use only a good quality of mineral oil in the steam cylinder and a lighter
grade of good mineral or animal oil on the valve gear.

Ques. W hat should be done if the pum p is to  rem ain idle for 
some time?

/Ins. Fill the lubricator w ith oil, and open the lubricator 
cock so that this oil can flow into the  steam  chest. Then let the 
pump make half a dozen quick strokes to  d istribute the oil well 
over the inside of the steam  end of the pum p, and so prevent 
danger of rusting while the pum p is standing still.

Operating a Pow er Pum p.—The type pum p here selected is 
horizontal duplex with enclosed crank case.

Its construction is shown in figs. 11 to  13, w ith accom pany
ing list of parts. I t  is recommended th a t a  check valve be 
Placed in the discharge line adjacent to  the pum p, opening away 
hom the pump, to  m ake it possible to  inspect the interior of 
the liquid end, w ithout draining the discharge line.

Ques. W hat provision should be made to  insure safe oper
ation?

'Ins. A spring relief valve should be connected on the dis- 
charge line next to the pum p.

Ques. What size relief valve should be used?

/Ins. It should be equal to  one half the diam eter of the dis
charge opening.

Ques. For w hat pressure should the relief valve be set?

'dns. About 10% higher th an  the normal working pressure 
°f the pump.
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Ques. W hat kind of valves should be used on the inlet as: j 
discharge lines?

4 n s .  G ate valves.

Ques. W hat precaution should be taken in case of freezicg-

4 n s .  Both the inlet and discharge lines, and the pump'« 
well, m ust be provided with drains of ample size, which drab 
m ust be opened on shutting down.

The pump cylinder is provided with four drain openings at the endso.
the cylinder, with one drain a t the inlet chamber between the cylinders^
one drain in the discharge chamber.

Ques. W hat should be done before starting  the pump?*

4 n s .  Inspect the interior of the crank case. Clean out 1)1 
washing with kerosene and wiping dry. See th a t  all oil hole 
are free and clean. After replacing the crank case cover, ® 
the case to  the required level with a good grade of lubricating 
oil having a viscosity of 500 to  600 S.S.* Universal. Inspect 

the oil level in the crank case occasionally, and maintain iU 
the  level as indicated on the gauge a t the side of the crank case.

Before starting, see th a t the m otor gear reduction is propel 
lubricated with a good quality of light gear grease sufficient 
viscous to  rem ain on the gears when they  are in operation.

Do not run the pum p without lubrication. Even a few mind6 
of operating dry  will cause cutting of the wearing surface? | |  
consequent trouble.

Ques. W hat provision should be m ade to  insure continued 
operation?

*NOTE,—S.S. = Seconds Saybolt.
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Ans. It is well to  carry on hand as spares, a set of valve de
tails, and packings for the pistons in the liquid end. These 
parts are subject to  wear, more or less rapidly, dependent upon 
the liquid pumped.

Ques. W hat should be avoided?

Ans. Avoid taking the machine apart, except when necessary 
for the replacement of working parts. <

Ques. W hat should be done in starting?

Ans. Use the four relief valves to  relieve the cylinder of air.

U pump fa il to start properly:

1. Make sure of an ample supply of liquid to be pumped and within 
reasonable inlet lift.

2. See that the air valves are on the cylinders and are operating properly 
to relieve the cylinders of air.

3. Go over the inlet pipe and connections to make sure th a t there be no 
air leaks.

4. See that the inlet pipe and strainer are not clogged and th a t there are 
no summits or air pockets in the inlet line.

5. Inspect the pump valves to  see th a t they are not hung up off their 
seats by foreign substances.

6. Check the stuffing box packings to  see th a t they are in proper condi
tion.
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3. Maintenance
No piece of machinery can be expected to  continue in safe 

factory operation unless it receive proper and periodic atten
tion to  correct any faults or derangements th a t may arise. 
This comes under the heading of ordinary servicing rather ®  
repairs.

Troubles.— In the operation of reciprocating pumps, varii® 
.troubles are encountered from tim e to  tim e and the follows 
troubles with their causes and remedies will be found helpfc

Pum p Fails to Start.

Secure it. Do not attempt to adjust tappet collars. Examine discfc-
exhaust lines for closed valves or for a valve disc possibly detached fromE
stem.

Ques. If no valve trouble be found, w hat might be & 
trouble?

A n s . The plunger or steam  piston m ay be frozen, especially 
if the pum p were out of service for some tim e.

Ques. W hat should be done in such case?

.4/ts. Jack  pum p with a bar to  determine if there be excessi'1 
friction.

If so, this is probably the source of trouble.

Ques. W hat precaution should be taken in use of bar?

A n s . Never use a bar to s ta rt pum p with th ro ttle  open-
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Ques. Give direction for servicing valve gear when pum p 
refuses to start.

ins. Disconnect auxiliary valve stem  from the  operating 
gear without disarranging ad justm ent of tap p e t collars. Open 
exhaust, inlet and discharge valves and then  crack th ro ttle . 
Work auxiliary valve by  hand; it  should work freely by hand.

Should the pump still refuse to  s ta rt, secure it. Remove valve chest cover 
and examine main valve to see if it has over-ridden or stuck.

If pump cannot now be started a complete overhaul of working parts of 
the steam end is necessary to  stop steam leakage either in steam piston or 
valves, which is the most probable cause of pump not starting.

Ques. W hat does jerky operation in starting  indicate?

Ans. Failure of the  w ater supply to  follow w ater piston.

Ques. How is this trouble corrected?

Ans. See th a t all inlet line stop or check valves are open and 
that the line is clean of obstructions.

Ques. When a feed pum p is vapor bound w hat should be 
done?

Ans. Turn a hose on w ater end.

Ques. If a pum p race w ithout increasing its ou tpu t w hat is 
the cause?

Ans. A leaky plunger, leaky, broken or stuck w ater valve or 
hy air leakage.

Ques. W hat should be done in such case?
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A n s. Stop pum p as soon as practicable in order to ascertai- 
and correct trouble. Should the .pump after it  has been rut 
ning properly, suddenly lose pressure on one stroke, look fori 
broken valve a t once.

Ques. W hat should be done if pum p be found working will 
considerable negative lift?

A n s. Throttle inlet or install heavier springs on inlet valves.

Ques. On pumps not fitted with a vacuum  chamber hovvmay 
pounding be stopped?

A ns. Install a sniffing valve on inlet side.

Ques. W hat does groaning in water end usually indicate?

A n s. Packing too tight or a broken part.

Ques. Give an indication of trouble in the steam  end.

A n s . This is indicated by erratic action , as by sticking in S  
p a rt of the stroke, or stops frequently with throttle vain 
opened proper amount.

Stuffing Boxes.—Small size pumps are generally furnished 

with stuffing boxes as shown in figs. 14 and 15. The customary 
type of stuffing box on large sizes are of the type shown.

Ques. W hat kind of stuffing box does a pum p operating 
high vacuum  require?

A ns. One with a water seal on the water end.
\

Fig. 16 shows one type and the open pot type seal in fig. 17.



Reciprocating Pum ps; Operation  375

Packing.—The object of a packing is to  prevent a leak of any 
fluid, which m ay be either a liquid or a gas. Thi9 m ay be a 
comparatively simple case as when gaskets are used to  prevent 
steam escaping a t  a jo in t, or i t  m ay be quite complicated, as 
by the use of packing on piston rods.

f'S«. 14 to 17.—Various stuffing box designs. A ,  plain screwed box; B , 
screwed type with lantern gland; C , bolted type; D , open pot water seal 
stuffing box.

They should not be decomposed or rotted by soaking, but should retain 
their elasticity, or softness, even under frequent making or breaking of 
the joint.

Air, Ammonia, and Oil Packings.—The requirem ents for 
ftese purposes are lim ited, and the regular steam  and water
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packings generally can be applied to  these needs. The air 
pipes of forced ash p it or induced draught system s, require sons 
packing of fibrous or rubber m aterial for cold air piping, and 
of asbestos or metallic m aterial for ho t air piping or ducts.

The main requirement in packing for oil piping is th a t it should not k 
dissolved, or decomposed by oil, as are some of the soft rubber materia 
used for packing.

Figs. 18 to 20.— Engineer's packing tools for use in removing and inseiWS 
packing .

Packings for Stationary Parts.—For these parts packings®* 
generally applied in the forms of sheets, called gaskets, thin anc 
well spread out between flat faces or flanges of valves, cylinder5' 
valve chests, etc.

Occasionally engineers prefer to use a round metal or fibrous ring j® 
recess, instead of a flat sheet, as it is more easily made and kept tight, 
bearing only on a narrow line or ridge, all around the opening.
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The choice of the packing is greatly influenced by the consideration of 
whether the joint is to be broken often, or will remain comparatively un
disturbed for a longer period.

In the latter case materials may be employed th a t cannot be used over 
again, such as red lead or iron rust cement, with or without fibrous gaskets, 
while, in the first case, quickness of making and preservation of the packing 
for continued used will be of importance.

The packings used for stationary parts may be divided into two classes: 
those that cannot be used again, such as iron rust cement, red lead, with 
or without chopped hepip, and graphite; and those th a t can be more or less 
frequently used again, such as th e  metallic gaskets, asbestos, pure rubber, 
mixed rubber and canvas, canvas or paper soaked in linseed oil, or applied 
in connection with red lead or graphite.

f'3s. 21 to 23.—Various piston packings. A ,  water piston with ring grooved 
packing,- B, water piston with fibrous packing; C , water piston with three 
ling packing.

Packings for Movable P arts .—These are generally arranged 
'a coils of several thicknesses to  gain depth  in the  direction of 
the motion, or in the  longitudinal axis, like the coils in the 
stuffing boxes of piston rods, valve stem s, condenser tubes, or 
in the packing of air pum p pistons.

Packings for movable p a rts  should be employed in  good 
depth, with relatively slight pressure upon them , to  retain  
elasticity and secure good durability  and long life w ith little 
attendance and adjustm ent.

The renewing of stuffing box or piston packing is generally a troublesome 
experience, attended with great expenditure of time and labor, like th a t

I
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of the condenser tubes, where the water chests must be removed, inorto 
to get a t the stuffing boxes, or th a t of the air pump piston, where thet? 
covers, valves and moving parts must be removed for access to the intern.

Oils, red leads and other substances th a t harden or bake should not It 
applied to  packing for movable parts; also the packings themselves shots 
be of substances tha t do not burn. Softness, pliability and elasticity shou.« 
be their chief properties, and these should be retained as long as possible.

The packing used for moving parts is generally employed in round s 
square rings or strands of soft metal, asbestos, rubber, combinations,« 
hemp made up into braids.

Fig. 24 .—Principle of "Moncky wrench” packing. Packings of
include the ordinary square flax, round core and gum core packings and*"“ 
is commonly known as "red core spiral." The round and flat gumi®1 
packings are made by braiding successive sheaths about a flat or round gs- 
core. These packings form about the cheapest steam packings that are j 
the market. They depend entirely for their success on a pressure from t- 
gland and for that reason they are classed as "Moncky wrench" pack» 
As the pressure from the gland is generally much stronger than n e c e s s a r y  

there is produced on the rod an' unnecessary friction, and as this , 
on a moving rod there is done at every stroke a certain amount of work h 
is unnecessary, which work is required simply to pull the rod through "• 
packing. This, of course, requires steam and steam requires coal ana tw:5_" 
actually consumed a certain percentage of the work from the engine in <jV 
coming the excess friction caused by the packing. Sometimes this PPC. |' 
is made by wrapping a piece of duck around a gum core, but the prinapj 
of application is the same and from an economical standpoint this 
packing, which was the class first brought-out, is really the poorest, the n«1-' 
almost invariably being excessive and the consumption of the steam 
account of the packing very large.
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The packings, particularly the soft ones, are sometimes soaked with 
tallow, or graphite powder is rubbed into them to increase their durability 
and resistance to wear.

Ques. What kind of packing is used on steam  pistons?

.4ns. They are packed by means of carefully fitted cast iron 
spring packing rings.

They are self-adjusting and need no attention whatever; replacement on 
account of wear is necessary only after years of service.

Ques. When the w ater pistons are packed w ith fibrous pack
ing what trouble is sometimes encountered?

•4ns. Stiff operation of the pum p due to  the swelling of the 
Packing.

It causes the pump to make uneven strokes, especially so when pumping 
hot liquids, and sometimes it is necessary to  take out the packing and thin 
it down,

Methods of Applying Packings.—The way in which a  packing 
is applied varies greatly according to  m aterial, position, finish 
0{ faces of joint, natu re  and du ty  of p a rt in need of packing.

is expedient to  apply the hand m ade packings in a  heavier 
iayer than the nearer uniform commercial packings.

On rough surfaces more packing material is needed than on smooth or 
hnished surfaces. Stationary parts, with a higher clamping pressure, need 
much less packing than movable parts, where the packing is compressed 
comparatively lightly.

The pressure upon the packing is generally exerted by bolts, nuts, or 
mp screws.
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Fig- 25.—Principle of moisture packing. Flax packing might be classedong
this head. These are packings that require moisture to expand them, 
best example is the case of flax and duck, sometimes made up with Q , 
back, sometimes with the duck passing completely around the back o '— ~ . . . . . .  . . . c  u i u u i i u  m e  ^ ----  ,
^?<Tt ?* case the flax swells up with the moisture and does the p̂ c 7

the duck stands the wear and tear. This is more satisfactory than»*
first class. It has been used for many years by old engineers. It is nofQP̂  — — ■ — . ,  V V . I J V J  V . u    I I

ing, however, that would be available where the steam was entirely 
it reached the box, or where it was superheated. O f course steam that is*, 
when it reaches the cylinder is not dry when it reaches the box, or 
enters the box, for the reason that the box is more exposed and conseq̂  
is much cooler and the rod is one-half the time out in the cool air, and li
as high a temperature as the live steam cannot well be maintained, 
in the box will be moist. If the steam be originally superheated, howe  ̂
may get in the box as dry steam, in which case it is very hard on a P«*, 
that requires moisture to cause it to swell and thus produce the requh'1”  
on the rod.

For Stationary Parts.—The packing is clamped between stiS 
flanges which with the numerous bolts, exert a  very heavy pr& 
sure upon the packing. The bolts should be spaced closer to
gether w ith light flanges than  with heavy flanges, as othenri* 
a slight bulging of thé flange between the bolts m ay take place- 
leading to  leakage and final tearing and blowing-out of the pac
ing material.

For Moving Parts.—The packing is forced into a sped 
recess of the stuffing box or piston by a  gland or follower rin;
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As the danger of blowing out is practically removed in these places, the 
area under pressure being generally much smaller than with stationary parts, 
and, as the desired elasticity of the packing makes a low clamping pressure 
advisable, fewer bolts are required.

Graphite.—This is applied, in conjunction w ith m etallic, 
asbestos, rubber and fibrous packings as powder, or m ade up 
with a little oil or tallow to  a  paste. I t  is excellent for all jo ints 
that are frequently broken; prevents burning of the packing to

m r n m -
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figs. 26 to 28.—Cross section of moisture packing.

the faces, and effects a  saving of m aterial by  keeping the gasket 
® good condition for renewed employment.

Canvas, Paper, and Hem p Packings.—These are employed 
generally only tem porarily, where lack of the higher grade 
forces the engineer to  use a  substitu te.

They are used soaked in oil and coated with graphite, grease or red lead 
m order to give more body and tightness.

. Hemp packing was formerly made by the engineers from the raw material 
into braids of varying thickness, shapes and length. The modeni commercial 
Packings, however, made up and ready for use, save so much tim e and labor, 
and prove in the end so much cheaper, th a t the practice has practically 
oied out, being employed only in emergencies and special cases.
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Asbestos Packing.—This is m ade in the shape of sheets, rout: 
or square strands, wicks, e tc ., from the fibrous raw  mineral m 
terial. I t  has the valuable quality of being incombustible ac: 
imperishable, and is thus eminently adapted to  all high press® 
pipe and machinery joints around boilers and engines.

I t ranks with metallic packings in this particular. One great advants; 
is its softness, fibrous nature and comparative elasticity, while it is, onb 
other hand, not nearly as durable as metallic packing, and therefore, nffl 
expensive. Some eingineers employ asbestos packing, together with metat 
packing, in stuffing boxes, thus combining the softness and elasticity of th 
asbestos with durability of the metallic packing.

Fig. 29.—Principle of expansion packing. This packing expands bul l
horn the pressure from the gland. This is generally caused by the expan“fi 
of some materia! used as a cushion, under the influence of heat. The matew 
almost universally used is rubber. Rubber when heated will expand, 
if it .be used in connection with the packing, it will when heated forcê  
packing against the rod and give an easy cushion effect on the rod, »"■ 
is entirely independent of the gland. Since this is true, there is no rer”; 
for the engineer to use a Moncky wrench, and consequently there is no opp* 
tunity to force the packing too tightly against the rod and produce un®~ 
friction. It is therefore a packing that is more economical so far as cc 
sumption of steam is concerned, since there is a lighter load on the engine“;; 
to the decrease in the f.iction of the packing on the rod. An expo1’“;, 
packing is a better packing than that which depends on pressure fro1”.! 
gland, such as a Moncky wrench packing, being not only more econo» 
of steam, but also easier on the rod. This same result is produced in ce” 
metallic packings by the use of springs.
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Rubber P ack ing—This is the m ost frequently employed m a
terial. Its great elasticity, com parative strength  and tough
ness, tightness and m oderate price make it an excellent packing 
for all water service, joints around pum ps, pipes, manifolds and 
valve9. Numerous engineers prefer some one of the particular 
makes of this packing for low pressure and exhaust steam  joints.

Rubber packing is made in sheets of all sizes, gaskets, round and square 
strands, washers, etc., generally with a body of canvas in one or more layers, 
that increase the strength and resistance against blowing out.

■ RUBBER•

• DUCK

f'9s. 30 and 31.—Typical cross sections of expansion packing.

Graphite, rubbed on the faces of rubber packings, effectively prevents 
burning on, thus allowing the gaskets to be used over.

Metallic Packing.—Usually metallic packing is made from 
the soft metals, which, under pressure, yield and shape them 
selves to the bearing surface. I t  is alm ost universally em
ployed, and proves excellent for high steam  pressure, where 
fibrous packing would burn and last b u t a very short tim e.

The elasticity of metallic packing is, however, considerably less than tha t 
°f the fibrous packing, and this is a certain disadvantage, particularly in 
stuffing boxes. To overcome this lack of elasticity, certain constructions of 
metallic stuffing boxes employ springs, which tend to prevent gripping of the 
packing on the rods. The greater complication of this arrangement is ob
jected to by many engineers., and the simple, more rigid arrangement pre-
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C le a ra n c e  Of Packing

Copper, lead, babbitt metal and similar compositions of soft natures 
employed with advantage in form of rings, sheets, stuffing box coils, et 
Copper is employed in rings of round, or triangular, sections, or in Off 
gated discs for packing on flanged boiler valves, manholes, pipe flanges( 
engine flanges. I t is very durable and lasting, but with iron flanges« 
faces, it sets up galvanic action in some liquids, thus quickly destroys 
the smoothness of the faces.

The lead or babbitt metallic packings are used in sheets for flanges, j 
in split rings for stuffing boxes. Their melting point should be conskfc
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Fig. 32 • Section of fiber packed piston illustrating method of packing.

for high pressure steam. Babbitt metal may be mixed so as to resist 
effectively any temperatures in use.

Ques. W hat should be done previous to  installing ^ 
fibrous packing?

A n s . Soak in warm water overnight before fitting.
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Ques. Mention a necessary requirem ent for fiber packing.

4ns. The packing m ust have clearance in the  piston packing 
space both in depth and length, as in fig. 33.

It must not be jammed between the piston and liner or clamped between 
the head and follower. The packing rings should be carefully cut to lengt h , 
each length being a little short of the exact measure to  allow for the exten
sion which is bound to occur after the packing becomes wet.

In fig. 33, the clearances are shown exaggerated so as to make the illus
tration clearer.

p r e s s u r e :
FROM

c y l i n d e r
^ J

) r e s ^ j l t a n V  g r i p
ON THE ROD

t

ft
p r e s s u r e

FROM
CYLINDER

-.......t - v ;

i i i  m  ü

33.-—Principle of automatic diagonal packing. This packing does not 
epend on pressure from the gland, or on any expansion due to heat or due
0 the swelling of any substance, but does depend on pressure from the 
cylinder. This packing is an automatic packing commonly called “ diagonal" 
pocking because it contains wedges which are formed by cutting a square
1 1 diagonally. There are a number of diagonal packings, differing 
ram each other in the form and shape of wedges, but all of them depend 
Pon the same fundamental principle that the pressure from within the cylinder 
1 force the wedge next to the rod in toward the rod, and, of course, that 
eons that the grip which it has on the rod will vary with the pressure forcing 
i in other words, with the cylinder pressure.

, 'hen the piston is moving, as shown, the discharge pressure comes in 
wtweenthe piston and packing and presses the back of the packing, thus 
° n8 k  against the liner to prevent leakage.

When the piston reverses, the packing shifts to  the opposite end of the 
“Pace and the pressure comes in from the other side of the piston. With 

® arrangement the pressure between the packing and the liner is propor- 
' nal to the discharge pressure, while if the packing be compressed in the
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packing space, the pressure on the liner may be much greater than is nets 
sary and thus cause excess wear on the liner and packing.

Ques. W hat quality should a packing have to  permit pro? 
fitting and why?

A n s. I t  m ust have sufficient initial 9tiffness or tension to s 
it out snugly against the liner so when the  piston move 
pressure will build up on the back of the packing and not t; 
pass between the packing and the liner.

Figs. 34 to 36. Typical sections of diagonal packing.

Ques. W hat precaution should be taken  in adjusting stuffe 
box glands?

A n s . Do not screw up the glands too tight.

Ques. W hat is the useful life of packing?

A n s .  I t  m ay be used until it begins to  harden.
Do not allow it to remain in the stuffing box after it hardens becau-' 

will score the piston rod or valve stem.



Reciprocating Pum ps; Operation  387

37.—Cylinder head illustrating compression screws to facilitate removal 
or the piston if stuck to the cylinder flange.

Ans. Each part as it  is removed should be cleaned.

As soon as one part is unjointed or uncoupled, insert its pins or screws in 
Jheir proper place before laying aside. This will prevent any small parts 
king misplaced.

Removing Cylinder H eads.—Pum ps of size and good con
struction will have heads provided w ith compression screws to

4. Repairs
A thorough overhauling of a pum p is occasionally required 

in order that general repairs can be m ade. The principal rea
son for taking a  pum p apart is to  ascertain the  exact condition 
of the cylinder walls and working parts.

Ques. In disassembling w hat is the correct procedure?

COM PRESSION SCREWS
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force the piston away from a sticking gasket. Usually twos 
provided as in fig. 37. By applying a small wrench to the* 
screws and turning them  clockwise, the  head is easily removed

Ques. W hat precaution should be taken?

A n s . Turn  the screws equally, giving a revolution to one £  
then a revolution to  the other one.

PLAN

1 1 1
:

'

;  O  i  
\  /

— n\ i 
1 i

1  \ K j

ELEVATION CONICAL HOLE

b ________________________
Æ . V

1 i
i i 1
i ------------------------------------   l i n e r -------------------------- ---------H

1 ! | !i 1 iii i
Figs. 38 and 39.—Plan and elevation of strong back for removcl of line'

This insures tha t the receding head remains parallel with the flange t 
stead of cockeyed, where it may bind.

Removing Cylinder Liner in One Piece.— In  the case oh 
liner difficult to  remove and to  avoid splitting the  liner, & 
make a  strong back as shown in figs. 38 and 39. The coruca



hole permits passing the  strong back through the  liner by tilting 
it at an angle, as in fig. 40, to  get the strong back in position 
against the end of the liner.

Ques. How is the liner removed w ith the strong back?

ins. First tighten the “ persuader” n u t on the rod, as a t A in 
fig. 41', to give a good pull.

Ques. If this do not remove the liner w hat is the next 
operation?

Reciprocating Pum ps; Operation  389
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A ns. H it the free end of the pull rod w ith a hammer, asat 
B, in fig. 41.

Ques. W hat is the advantage of this method?

A n s. If the liner be not standard it m ay be rebored in a lath 
and replaced.

j= ■-

„ rjn u  .in), jni JE3Ljjy F l  ■ P i P I

-The socket wrench and its use. There are placesFigs. 42 to 46.— me socxer wrencn ana its use. mere are piu.-« ■■■■- . 
Moncky wrench cannot be used to advantage, for instance, in removingI y i w i i v i n  jr TV i c r i i s . i l  v c  I v  m u  t v j n i v j y t y  iv^ i ■ ■ i J I  »

nuts from the discharge chambers of many pumps, as here shown. A  so* 
vrench is the thing to use although an S, or straight handle wrench c0 ^
employed. Unless the jaws of a Moncky wrench have a full bearing °n . 
nut they will spring and this eventually ruins both the nut and the wren-

Removing Crank Shaft on a Power Pum p.—The followin? 
instructions are for pum ps of the type shown in figs. 11 to 13.

To remove the crank shaft proceed as follows'.
1. Remove the crank case cover.
2. Remove the connecting rod caps.



Reciprocating Pum ps; Operation  391

3. Remove the outside liquid and cylinder head.
4. Remove the bolts th a t hold the crank case stuffing box in place.
5. Travel the connecting rods as far as possible toward the liquid 

cylinder.
6. Roll the crank shaft until one of the cranks is horizontal and pointed 

toward the cylinder.
7. Remove the crank shaft bearings.
8. Work the crank through the opening in the bearing housing, swinging 

the crank slowly until the crank can be tipped up and lifted out of the main 
frame. Be careful not to jam the crank shaft fits where they run in the 
bearings.

9. In re-assembling reverse the process, being careful not to jam any 
parts.

Centering a Piston.—The tools necessary for centering the 
piston are, a scale, preferably a 12-inch scale, and a pair of in
side calipers, together with the necessary wrenches for rem ov
ing the cylinder head and follower plate and for turning the ad 
justing screws in the spider. After removing the cylinder head , 
have the crank turned  to  an  approxim ate dead center nearest 
the cylinder. This will bring the piston to  the  end of the coun
terbore in the cylinder as in fig. 47, where it  m ay be easily 
reached.

After removing the follower plate, the exterior of the shaft will be 
brought into plain view. In many instances the end of the rod will be 
found to project a trifle beyond the face of the nut. In this case open the 
calipers, and, placing one leg against the projecting end of the rod and the 
other against the counterbore, take the distance between the rod and the 
counterbore, being careful to have the extremities of the legs parallel to the 
face of the spider as shown.

Ques. Why is the counterbore preferred to  the cylinder wall?

4ns. It is not subject to  wear and accordingly retains its 
cylindrical form.
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Q u es. How is the cylinder calipered?

A n s . Place the calipers, first a t  the bottom , then at the top, 
ascertaining the distance by  means of the scale in both instance;. 
T hen set ou t or compress the legs of the calipers an amour;, 
equal to  one-half the difference between these two measure
m ents, th a t is, if the bottom  measurement be found to be, say, 
6y s inches and the top measurement is 7 inches, then  the calipers

Figs. 47 and 48.—Centering a piston.

would be set to  measure either Kg less th an  7 inches or He ®ore 
th an  6%  inches, because the difference is seen to  be Ys, one-hali 
of which is of an inch.

Q u es. W hat is done after setting the calipers?

^ n s .  Loosen the  jam b n u t on the center adjusting screw A 
(fig. 48) a t  the bottom  of the spider, if three screws be used



50.—Tram and method of measuring height of shaft,
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and on both of the  screws if only two be found. T urn  the 
center screw to the right a very little and then  place the  calipers 
on the rod, as in fig. 47 to  see if the  spider has been raised

If not, give the screw another turn  and again try  the calipers, continuing 
in this way until the spider has been raised to the proper position. Now 
place the calipers a t the sides of the rod (B and C), to see whether the pis
ton is centered sidewise. If it be not exactly in the center, turn  one of the 
side screws D or E , until it is centered. Turning the side screw will also 
have a tendency to raise the piston slightly, so the calipers must again be 
placed on top of the rod to see that it is not too high.

B I — C 1

If it be too high, the center screw must be turned back a very little so as 
to lower the piston. The calipers are to be placed, first a t the top and bot
tom then a t the sides, and the screws in the spider are to  be turned very 
carefully until the end of the rod occupies a perfectly central position.

Before putting on the follower plate, caliper the rod very carefully all 
around the cylinder (counterbore).

B,the rod be exactly in the center of the cylinder the calipers should just 
feel” the rod a t all positions around the counterbore. When tightening 

toe jamb nuts on the three adjusting screws care should be taken to  see th a t 
the screws do not tu rn  either way.

Lsing Peeler to D eterm ine Shaft Level.—This m ethod is 
shown in fig. 50. The bearing caps are all removed, and the 
:ram is placed on bearing No. 1 as shown and the pin set so th a t 
ft does not touch the shaft. I t  is then  removed to  the  next
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bearing and th a t  tested in the same way to  determine what ad
justm ents are necessary to  bring the shaft to  the level with tie 
planed parts of the bed a t  each bearing. T ry  all bearings and 
set tram  to  the highest point, then go back to  No. 1, and by 
the thickness gauge, or feeler, find the am ount th a t the shall 
m ust be raised.

M ethod of Babbitting a Bearing.—B abbitt or so called anti
friction m etal is composed of tin , antim ony and copper mixed 
in various proportions, and m ay be purchased, or if it be de
sired, it  m ay be easily m ade. A good m ixture, suitable for gen
eral use when the  du ty  imposed is light, is composed of fifty 
p arts  tin , five parts antim ony and one p a rt copper.

A harder composition, sometimes termed white metal, is composed of $ 
parts tin, 4 parts copper and 8 parts antimony. This mixture is especially 
suited for journal boxes or bearings, and is mixed as follows: First melt I  
parts of copper and then add 36 parts of tin; 24 parts of antimony arepd 
in and then 36 parts of tin, the temperature being lowered as soon as tb
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copper is melted, in order not to oxidize the tin and antimony; the surface 
of the bath being protected from contact with the air. The alloy thus made 
is subsequently remelted in the proportion of 50 parts of alloy to  100 parts
of tin.

fijs. 52 and 53.—Tightening a cylinder head. A ll joints should be pulled 
pp square and even all around from start to finish, especially where a metal 
loint is used. Dirt being left on joint surfaces often causes leaks, because 
|ta two cannot be brought evenly together, and just as often the leak is caused 
bV the uneven strain on the bolts. Take for example, the cylinder head 
thown in the figures, which has a shoulder all around the inside of the flange. It 
WM be seen that by pulling on one nut first, the head could be tipped out of 
ttue, and only one edge of the shoulder joint would touch. When first starting 
to set up on the nuts, a good method to follow is to set up on No. 1 nut lightly 
until the surfaces of the joint meet, then take up the same on No. 2 nut opposite

l  ' ^ ' *̂ en ^os. 3 and 4 in succession, after which the nuts can be taken 
UP the same amount in the order given. Then go over them all again in the 
tome order until the joint is tight. The space B, will be equal all around if the 
pulling up has been properly done. This rule applies equally well on all 
l°ints, taking any nut for No. 1 and making No. 2 come opposite.

For brass bearings or boxes, a mixture of 64 parts of copper, 8 parts tin 
^d  1 part zinc will be found to  answer very well; but for bearings not re
tiring so hard a metal, the quantity of zinc is increased and tha t of the tin 
diminished. Bearings th a t are to  be babbitted are usually cast with a re- 
cePtacle for the babbitt metal, as shown in fig. 51, there being a rib a t A, B,
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and C, forming the cavity D, into which the melted metal is poured. Us 
ribs, in new boxes, are sometimes bored out, or for rougher work maybe 
chipped and filed out to  fit the shaft and hold it in line. To prevent theris 
A, B, and C, bearing and cutting the shaft, a piece of pasteboard is laidcc 
ribs A and B, thus confining the journal bearing to the babbitt.

Q u es. Describe the m ethod of babbitting.

Fig. 54.—Starting an obstinate nut or bolt. Rusty, or large nuts or bolt he« 
often require more than a straight pull. A  sharp blow with a hammer off 
starts an obstinate hold, where a straight pull would not. If is not adviso.f 
only in extreme cases to use the hammer on the wrench, but a hardwoodboo 
will do as well. In extreme cases a steady pull aidea with blows will doi'- 
work. The blow should be delivered as near the nut as possible, assric' 
in the figure, instead of at the other end of the wrench as is usually and ¡g"88 
antly done by greenhorns, thus avoiding the spring and inertia of tbewrcr:' 
and delivering the full energy direct to the nut. The author is i n d e b t e d '• 

Capt. Henry E. Raabe, M.E., for this suggestion.

Arts. The best m ethod is to  pour the bearing and then rift 
the babb itt well into the cavity D , which is m ade wide at th 
bottom  to  prevent the babb itt coming loose, and then boreou; 
th e  bearing in the usual manner. As the  babb itt metal in- 
bearing is ap t to  close across the bore when cooling after bek 
poured, a  mandrel of slightly larger diam eter than  that of & 
journal should be used to  run the bearing on in place of the wonf 
ing journal or shaft. Some mechanics effect the same purp® 
by wrapping paper.
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C H A PT ER  16

Reciprocating Pumps: 
Valve Setting

The term valve setting is by definition: The act or process
°S adjusting the valves and valve gear oj a steam pum p or steam 
engine so that the various events of its operating cycle will occur 
a! the proper times.

The instructions here given are for the various types of pum p, 
classed as:

1. Simplex

». With separate auxiliary valve.

b- With combined auxiliary valve and auxiliary piston.

2- Duplex

a. D valves

b. D and B valves

c- Internal lost motion

d- External lost motion
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1. Simplex Pumps
The various simplex pumps m ay be divided into two type 

w ith respect to  the valve gear, as those having:

Class 1. A separate auxiliary valve.

Class 2. M ain valve and auxiliary piston combined.

Some makes of Class 1 pumps have stem s or tappets which 
project into the cylinder a t the ends and are moved by contact 
with the main piston as it  nears the end of the stroke. As 
example of this type pum p is shown on page 320. Pumps of t$ 
type require no valve setting. Various other pum ps of Class 1 
do require valve setting.

Valve Setting Class 1 Pum ps.—For th is type which has a 
separate auxiliary valve, two examples are given for setting 
the valves. One for auxiliary valve on top  and the other® 
the side.

Example 1.—In  this model the auxiliary valve is on top 
and the lost motion adjustm ent outside. Fig. 1 shows detail 
of the valve gear.

To avoid confusion cut does not show starting or cushioning ports in eitfcz
steam chest or cylinder. Cut shows steam chest having small slide van*
above chest piston. This construction is used on large sizes.

Small sizes have small slide valve a t side of chest. The same prinqf*
of operation and setting of valve movement applies to either type.

The setting of valve movement is accomplished by adjust
m ent of small slide valve, no attention being paid to chest
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piston or main slide valve. Loosen valve rod collars X  and Y  
before adjusting.

F ml.—Remove chest cover exposing small slide valve to view, or if small 
slide valve be at side of chest remove steam chest.

Second.—Move valve rod out until small slide valve A, opens steam port 
completely, as shown. Scratch valve rod outside stuffing box at point C.

¡̂3.1. Class 1 simplex pump with separate auxiliary valve on

Next move valve rod out until small slide valve has opened steam port com- 
pletely at opposite end. Scratch valve rod outside stuffing box, making 
second scratch, D, as shown in fig. 1.

Third.—Replace steam chest cover or steam chest.

Fourth.—Place link stub B, in center of slot at top of lever.

Fifth—Place mark C, even with gland, as shown. Move lever in direc- 
ion of P, to end of stroke as far as piston will go. Put collar Y against dog 

1 and tighten set screw'.
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Sixth .—Move lever in opposite direction G, as far as piston will p, 
Place mark D , on valve rod even with gland. Place collar X, against dog Z. 
and tighten set screw.

Seventh.—Turn steam on slowly. Pump will not s ta rt immediately, da 
to  cold parts and water in cylinder. Use starting device to shift chest® 
ton and main slide valve if pump stop a t either end of stroke.

The foregoing instructions give theoretical setting of valve 
movem ent. Before adjusting, as per instructions following- 
shut off steam .

If Pum p Stop On:

Pump End. Move valve rod in slightly. Move collar X  closer to dog i

Steam End. Move valve rod out slightly. Move collar Y closer to dogZ-

If Pum p Short Stroke On:

Pump End. Move collar X, away from dog Z.

Steam End. Move collar Y, away from dog Z.

After adjusting collars make further adjustm ent by raising 
or lowering link stub B . Raising stub B shortens stroke. 
Lowering stub B , lengthens stroke.

The raising or lowering of stub B , m ay be done without 
shutting off steam . This adjustm ent of valve movem# 
should be made to  get full stroke and proper operation. Pi®*1 
should m ake full stroke, reversing slowly a t  each end.

Tie bar guiding cross head is m arked showing contact and 
normal working stroke. Operator can see a t  a glance hoi 
pum p is stroking, and if not m aking normal stroke, tell vhiri 
end needs adjustm ent.



Auxiliary Steam Valve — Flat Face Slide 
Yalvo — Always Tight — Cannot Wear to 
a Shoulder — This Valve Is Operated By 
the Actuating Lever from the Piston Rod

Auxiliary Exhaust Port

Valve Gear Construction Is Such 
That Piston Must Complete Its Full 
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Cam Block for Adjust
ing Stroke — Can Be i 
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Auxiliary Piston Fitted 
with Self-Adjusting 
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d  Cam Block Ad* 
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Steam Chest 
Main Port

Valve Stem Stuf
fing 8ox, Screwed 
Type, of L ibera l 
Depth

Steam Chest 
Pre a d m i s- 
sion Pori 
to Start 
Auxiliary 
Steam Piston

Mam Steam Valve — Flat Face 
Side Valve — Always Tight 
Cannot Wear to a Shoulder 
Steam Driven By ‘
Auxiliary P i s to n

Steam Thrown Aux
iliary Piston (or 
Operating M 
Slide Velve

f  r e. e d m i s - 
don Steam 
fort for Start
ing Pitton

Steam Piston Fitted" 
*'th Two Self.Ad 
jutting Snep Ring:

Steem Cylinder Foot of 
liberal Si«-Planed 
on Bottom

Steam Cylinder Walls Are Heavy 
Enough to. Stand Reboring Twice

figs. 2 and 3.—Class 1 simplex pump with separate auxiliary valve on side.
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Summary. Example 1
The valve movement m ay be regulated by adjusting collars 

X  and Y and by raising or lowering link stub B in top of lever.

Moving collars X and Y closer together shortens stroke.

Moving collars X and Y further apart lengthens stroke.

To correct steam end of stroke move collar Y.

To correct pump end of stroke move collar X.

Raising link stub B in top of lever shortens stroke.

Lowering link stub B in top of lever lengthens stroke.

Example 2.—Figs. 2 and 3 are a plan and side elevation , 
giving details of valve gear of a pum p having separate auxiliary 
valve on the side, as seen in the plan fig. 2. In  the directions 
for setting the valve, refer to  figs. 4 and 5 having the parts 
numbered.

Setting the Valve.—On tie rod 68 (see cut) upon which moves 
the piston rod guide 92, is a m ark a t each end, indicating the 
extreme travel of the piston.

If the pump do not run as close to the mark as practical, loosen these! 
screw in cam block 109 on the opposite side (of the actuating lever 106) fro® 
which it is desired to lengthen the stroke, and move the cam block a«!' 
from the point of contact of actuating lever 106. This will allow the piston 
to move farther before opening the valve.

If pump should travel too close to the marks, which would cause it to 
hesitate and stop a t the end of stroke, move cam blocks 109 toward the i»r,! 
of contact of actuating lever 106.

Always move the cam blocks on the opposite side of lev® 
from which it is desired to change the stroke.
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F'9s-  ̂and 5.—Class 1 simplex pump with sepa-ate auxiliary valve on the side, 
detail of steam end with numbered parts to accompany directions for valve 
setting.

List of parts
me parts referred to in valve setting are:
68 Tie rod
92 Piston rod guide 

109 Cam block 
106 Actuating lever

Some of the other parts are:
0 TU A , main steam valve; 101, valve stem; 36, valve stem stuffing box; 21, 

wliary valve; 20, cover,- 106, rocker; 92, cross head; 68,] cradle; 6 piston; 
piston rod.
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In all cases the piston should make as long a stroke as possible and give 
the required speed to do the work.
In  all pum ps made up with cast iron yokes not showing the 

m arks for length of stroke, push the piston to  one end unti

Figs. 6 to 8.— Class 2 simplex pump in which the main and auxiliary valves®1* 
combined.
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it strikes cylinder head, and scratch a m ark on the piston rod 
at the stuffing box.

Repeat this same operation on the other end, and use these marks to ad
just the valve as described.

Valve Setting C lass 2 P u m p s.— In this type there is a m ain  
slide valve combined with an auxiliary piston valve, as shown 
in figs. 6 to 8.

In this type an initial rotary motion is given to  the auxiliary piston by 
the external gear, causing it to uncover ports which give the proper steam 
distribution for the linear movement.

Setting the V alve.—Push the m ain pistons to  the  end of the 
stroke until the inner edge of the port and the  piston coincide, 
then loosen the side lever, tu rn  the cam C , until the  valve 
piston uncovers the  auxiliary steam  port E , leading to  the 
same end of the steam  chest occupied by the m ain piston.

After se ttin g , secure the cam and then connect the side lever to the 
connecting rod. The side lever and cam occupy correct relative positions, 
therefore, the lever should be secured to the cam shaft while in this position.

The stroke may be regulated by raising or lowering the end of the con
necting rod in the slotted end of the slide lever.

Raising the connecting rod shortens the stroke arid lowering it lengthens the 
stroke. When making the foregoing adjustments it is well to have the con
necting rod at or near the bottom of the slot as shown in the illustrations.

2. Duplex Pumps
If two steam pum ps be placed side by  side, it  is found th a t  

the valve of each m ay be operated directly from the  piston 
rod of the other w ithout the aid of any auxiliary pistons or 
valves as is necessary w ith simplex pum ps.
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The duplex pum p has one main valve for each side, there kin| 
no auxiliary valves as ju st stated .

There are two types of m ain valves known as:
1. D
2. B

as shown in figs. 53 and 54, page 344. They are used on pumps 
having:
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1. Five ports

2. Three ports.

That is, five ports for the D valve and three ports for the B valve.*

Locating Cross H ead C enters.—Usually the  cross heads of 
duplex pumps are held in position by a pin, which is driven 
through cross head and rod, after the former has been adjusted. 
It is impossible for the cross head to  shift its position acci
dentally, unless the pin should drop ou t, and even then , there 
is a set screw, holding the  cross head against slippage by 
ordinary use, and if such a thing should happen, the best way 
to readjust is to  find its former position by the pinhole in the 
piston rod.

Ques. W hat m ust sometimes be done in case of old pumps?

Ans. Old scored or p itted  piston rods m ust be replaced.

Sometimes, however, it is necessary to replace the old piston rods by
new ones, which may be quite frequently, if the water be bad, and steel rods 

used. In most cases the engineer will find tha t the rods can be put
into their proper places without any trouble, as the builders have always
exact fitting duplicates in stock, but it is better to be sure of this.

Ques. How can it be ascertained if th e  rods fit?

dins. By making the following test: M ark  the extreme 
Position of the cross head on both  sides of the pum p on the 
frame or on a wood lathe, wedged in between the cylinder 
heads as shown in fig. 11.

'NOTE.—As elsewhere explained the D , valve is used on gears in which the 
™ve follows the piston movement; the B , valve is used on gears in which the 
™ve moves in reverse direction to the piston movement.
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Ques. W hat precaution should be taken w ith the plum b bob 
method?

Ans. It should be used only if the pum p be leveled with 
precision.

When dropping the plumb bob in line with the center of the rock shaft 
as in fig. 10, the cross head may be moved close to the line, and its position 
be transferred to the frame, as in fig. 9.

Ques. W hat should be noted in using the  other method?

4ns. When the square is used against the hub of the rocker 
fflm, it will be seen by  examining fig. 10 th a t  the  heel 
of the square does not indicate the center of the rock shaft, 
but is out an am ount equal to  one-half the diam eter of the 
bub of the rocker arm , and the cross head should therefore 
not be set close to  the square, b u t a  distance equal to  the 
radius of the hub, away from it.

Ques. How is this offset distance measured?

Ans. With an inside caliper or a  rule.

Ques. How is the position of the cross head transferred?

4ns. It is transferred to  the frame as in fig. 9, or m arked 
°nthe lath as shown in fig. 11.

Ques. W hat is the advantage of the m ethods ju st described?

4ns. In both m ethods, no m arks have been made on the 
Piston rod, which is always best to  avoid, the  cross head having 
served for a m ark in both  cases.

If the pump be small, there is no difficulty to  move the pistons for this 
Purpose, but on a large pump, the cross head may be unfastened, so as to 
be free to slide on the piston rod.



410 Reciprocating Pum ps; Valve Setting

Ques. W hat should be noted about the m arks A  A, fig. If

/4 n s . The m arks AA, representing the extreme positions d 
the cross head have, however, been taken  from one end oftk 
cross head, and thus can not come equidistant from the mark 
C, representing the correct central position, even if the cros 
head be set correctly. Thus it  will be necessary to transit: 
them  toward the opposite end of the cross head, an amoui. 
equal to  one-half the length of the cross head, BB, beingfe 
corrected marks.

If the position of the marks B B, be not equidistant from the cenK 
mark C, when the cross head is at the extreme ends of the stroke, it shoe 
be shifted on the piston rod, until in the proper position, the amount its 
to be shifted will be indicated by the marks B B, fig. 11.

I t  will not be necessary to shift the cross head on the rod, if it be(S 
only a small amount, as the duplex pump is not such a sensitive mads 
to  require very delicate adjustment, and often it is found that if & 
entire mechanism be set correctly, the pump will not work as well umk 
steam, as if slightly out of adjustment.

Ques. If the cross head be out of adjustm ent what shouic 
be done?

A n s. Test the pum p under steam  before m aking alteration:.

Ques. W hat should be done in m aking th is test?

A n s . The valves should be adjusted to  suit the origin̂  
position of the cross head, and if possible, it will be found very 
useful to  a ttach  a pointer to  the cross head, pointing towart 
th a t part of the frame on which the center and extremes .# 
the stroke have been m arked.

By running the pump slow, it will be possible to ascertain the ends oft 
working stroke.
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Q u es. If the clearances differ considerably w hat should tie 
done?

A n s . The valves should be examined by moving the pistons 
by hand to  the extremes of stroke, as found when running, 
and noting the  port opening a t  both  ends; for th is purpose the 
valve chest cover has to  be removed.

If there be any difference in port opening a t both ends, this may befe 
cause of the unequal clearance, and a preliminary valve adjustment shoifc 
be made, by equalizing the port opening approximately by eye.

Various types of pumps are provided with different means for sud 
adjustments, but the principle remain's the same, tha t is, to either lengthen 
or shorten the valve stems, as occasion demands.

Most all types of the smaller sizes are provided with the simple adjusts 
device, as indicated in fig. 12, which consists of a square nut, through whs 
the valve stem is screwed, and by screwing the stem either in or out, it¡= 
respectively shortened or lengthened.

Q u es. A fter making preliminary adjustm ent what is nest 
done?

A n s . Recheck under steam .

Should the marks denoting the clearance of the pistons again fall on tj* . 
same points as before, and a difference in the clearance on both ends of th 
stroke be found, the trouble will be due to the irregular spacing of the port: j 
in the cylinder bore, and there will be little chance for im provem e* 
and, unless the cross head be found considerably out of adjustment, t 
should not be disturbed, and the final valve adjustment should be rm 
to suit the extremes of the stroke while running.

It, however, rarely occurs th a t a pump is of such poor workmans!? 
as to make proper adjustment impossible.

The location of the ends of the stroke does not make any difference is 
the manner of adjusting the valve, except, tha t it must be noted that c 
one case, by the end of the stroke, the extreme positions of the pistons ww j 
pried over, and in the other case the end positions of the pistons whs 
allowed to run, are meant.



How to Set the Valves of a Duplex Pum p.—Place a small 
stick or batten  against the  end of the  valve chest, and m ark the  
center of the pin P  on the same, as indicated in fig. 12. Then 
move the piston, of the same side, to  the other end of the  stroke, 
and again m ark the  position of the  pin P , on the same stick, as 
indicated by the dotted  lines. The two m arks M , and N , thus 
obtained, denote the extreme travel of the  pin P .

It will now be necessary to  obtain the marks X  and Y on the same stick, 
which indicate the positions of the pin L when the valve has moved from one 
full port opening to the other.*

Now take a strip  of stiff paper, and m ark upon it the  exact 
distance between the  center of the  holes in the  valve con
necting link, as D  and E , fig. 15.

Try the distance between the marks D and E , on the strip of paper, 
against the marks X  and M , and Y and N , and if they should coincide as 
in fig. 16, the valve is correctly adjusted, and the links should be put into 
their places, and the valve chest cover replaced.

If, however, the  m arks should fall as in  fig. 17, or fig. 18, 
it is evident th a t  the  valve stem  is either too short as in fig. 17, 
°r too long as in fig. 18, and it m ust be either lengthened an 
amount equal to  the  distance E  Y, fig. 17, or shortened an 
amount equal to  the  distance E  Y, in fig. 18.

Figs. 19 and 20, show other positions in which the marks on the stick 
nnd the strip of paper may fall. In both cases, the travel of the valve be
tween the two inside edges of the steam ports evidently does not coincide 
with the travel of the pin P, fig. 12, indicating th a t there is either too 
much lost motion between the valve stem and the valve, as in fig. 19, or 
not sufficient, as in fig. 20.
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be t ?  —When sliding the valve from one “full port” to the other, care should
mnr ei  to this by moving the valve stem to obtain the full effect of the lost 

on between the nut and the lugs on the back of the valve.
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Before attem pting to  a lter this, it  is advisable to  remove 
the  valve entirely, and to  see whether the distance between the 
steam  and exhaust edges of the valve, as F  and G, and H and I, 
fig. 13, correspond w ith the  distances between the  working 
edges of the  ports K  and O, and Q and R , respectively (fig' 
14).

Figs. 13 and 14.— Main valve and valve seat of duplex pump; each s|(j* 
or pump is fitted with a valve and seat as here shown. H and F, ore r • 
steam edges of the valve and G and I, the exhaust edges. Q  and K,<j” 
the steam ports and O  and R, the exhaust ports,- the exhaust cavity or ou 
is seen at the center of the seat. Fig. 1 3, shows the lost motion between' 
stem and valve. The amount of lost motion given is such that the inlet P1-" 
are not closed and the exhaust ports opened too early in order to allow - 
piston to make a full stroke.

If these distances agree with each other, and the marks r e p r e s e n t *  

the valve and pin travel fall as in fig. 19, it indicates th a t 'th e  valve e- 
not sufficient motion to  fully open the ports, hence less lost motion ha= 
be given. Fig. 20 shows the reverse of this condition.
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Should the distance, between the edges F  and G, or H  and I, 
be found shorter th an  the  distance between their respective 
Port edges, an am ount equal to  one-half the  difference between 
E'Eand X Y, fig. 20, the  steam  edge of the valve will over
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Va|ves of a duplex pump as fully explained in the accompanying text.
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travel the  inner edge of the steam  port, when the  valve is»  
nected up, b u t the  exhaust port would have ju st full openiai 
indicating th a t  there is some exhaust lap, and  if the pump I* 
found to  run  smooth, it  is advisable no t to  tam per with tb 
adjustm ent of the  lost motion.

If it be necessary to increase the lost motion between valve and sic 
on a pump provided with such an adjustment as in fig. 12, it can beet 
by decreasing the width of the nut, by filing or machining in a ste*

Fig . 21.— Lost motion arrangement consisting of yoke M , and block S, pW*| 
at the rocker end. In this design the lost motion cannot be changed wit® 
altering the length of the block S, but the length of the valve stem can- 
adjusted by means of the sleeve nut N.

To decrease the lost motion, either a new nut must be provided, or ' [ 
metal washers of the required thickness may be cut, and placed on the vs* J 
stem between the nut and the lugs on the back of the valve.

The m ethod of valve setting ju st described is only suita$| 
for small pum ps; the  larger ones generally being provided 
an  adjustm ent as in  figs. 13, 14 and 21. The arrange®-- 
shown in figs. 13 and 14, is very simple, and permits at® 
ra te  adjustm ent, b u t in order to  do this, it  i s " necessaryI 
remove the  valve chest cover.
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The type shown in fig. 21, is mostly used on large and more expensive 
pumps, and permits alterations in the adjustment being made while the 
pump is running.

In fig. 21, the lost motion can not be altered, w ithout taking 
off or adding to  the  ends of the block S, b u t the sleeve n u t in 
the connecting link is a good device for altering the length of 
the valve stem.

It is seldom the case th a t the amount of lost motion has to be altered, 
and unless the operator be thoroughly familiar with the details and design 
of the pump, he should not undertake such alterations, as the designer 
knows best what are the requirements.

These directions can not always be closely followed, as the 
different designs require different trea tm en t, b u t by thoroughly 
understanding the above, the beginner will be greatly assisted 
even with the m ost complicated construction.

Short Rules for Setting the Valves of a Duplex Pum p.—It 
may be helpful in acquiring a knowledge of how to  set the 
valves to consider simply the essential operations without 
the various details or m ethods of performing them  as given 
m the foregoing instructions. They m ay be briefly expressed 
m the form of rules as follows:

h Locale the steam  p iston  in  the center o f the cylinder;

This is accomplished by pushing the piston to one end of its stroke 
against the cylinder head and marking the rod with a scriber a t the face 
of the stuffing box, and then bringing the piston in contact with the opposite 
head.

2. Divide exactly the length of this contact stroke;

. Shove the piston back to this half mark; which brings the piston directly 
m e center of the steam cylinder.
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3. Perform the same operation with the other side;

4. Place the slide valves in their central position;

5. Pass each valve stem through the stuffing box and gland;

The operation of placing the pistons in the center of their cylinders briaa 
the levers and rock shafts in a vertical position.

6. Screw the valve stem through the nuts;

The stem is screwed until the hole in the eye of the valve stem head cons 
in a line with the hole in the links, connecting the rocker shaft.

7, Put the p ins in their places;

8. Adjust the nuts on both sides of the lugs.

Leave about one-eighth to one-fourth inch lost motion on each side.

How to Set Duplex B and D Valve G ears .— Since the Iff1 
of this type gear are duplicates, it is necessary that one of li
st earn valves should be a D valve and one a B valve, to give piofi 
motion to the pum p.

Using a  D valve and a B valve perm its of a  very uiip 
arrangem ent of steam  ports. There is b u t one cast port,2' 
each end of steam  cylinder, this serving the purpose of stea®| 
and exhaust port.

The old duplex type of valve movement has two ports at each enth 
cylinder; one steam and cushioning port and one exhaust port, each F  
serving the single purpose of admitting steam to the cylinder or exhaust* 
steam. The double ports cause excessive waste in steam, and also p® 
will short stroke.
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f'9 .12. Valve gear detail of duplex pump having B and D valves.

Small drilled s tarting  ports are shown by  dotted  lines in  the  
illustration.

These starting ports may be disregarded when setting valves.

When erecting pum ps, th e  valve rod is m arked w ith a  punch 
mark.

Fig. 22 shows the gear. One side of the  pum p has been re
volved 180° in to  the  plane of the  paper so as to  show both  sides 
in a single drawing—this is confusing to  some b u t understand 
it first before reading further.

steam ports
(( U

exhaust ports 
valve rod nuts
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This punch mark is 1 indi from valve rod nuts 7 and 8. If valve move
ment be out of adjustment, simply place these nuts so th a t they are 1 indi 
from this mark and this will bring the parts back to their proper relatka

If, for any reason, this punch m ark cannot be found, proceed 
in the following m anner to  set valves.

Setting the valves.—Place both steam  pistons in the exact 
center of stroke and disconnect valve rod links on both sides. 

To determine center of stroke proceed as follows:

Move steam pistons to contact with one head and then to the other, eac 
time making a mark on the piston rods against the stuffing box gland 
Then place a mark on each rod midway between the contact marks and mo« 
each rod until the central marks come against the end of the glands. Ih 
steam pistons will then be in central position and the cross head pins M 
11 and 12 should be directly opposite each other. If this be not true, w  
the cross heads must be disconnected and their position corrected.

N ext place the D, valve in the center of its stroke, or in otto 
words, place the D, valve in such position th a t  when looking 
through the opening in each end of valve, all ports are closed- 

Now, move the B, valve until the posts on same are inlitf 
w ith those on the D, valve and adjust the  valve rod nuts 7and 
8 on both valves, so they  will be in a  position exactly mid"'2? 
between the posts of the valves after links are coupled up.

I t  does not make any difference as to which side of the steam chest tit* 
valves are placed.

If these directions have been followed the steam valves and valve moh- 
should be set correctly.

Finally, before placing chest cover in position, move either 
one of the slide valves against the n u t on the valve rod. Tb 
is done so th a t in starting  steam  will be adm itted  through o# 
of the ports.
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Special Directions for Duplex Valve Setting.— The directions 
here given relate to  valve setting  on pum ps having various lost 
motion arrangements. These m ay be classed as:

1. Internal
a. Lost motion nut between valve lugs.
b. Lost motion nuts a t each end of valve.

2. External

These designs are shown in figs. 23 to  25.

Case 1.— Instructions for gears moved by a single valve rod nut 
working between lugs on valve (Fig. 22).

First open drip cocks so th a t  w ater in steam  cylinders will be 
completely drained away.

Now move piston rod of one side toward steam cylinder head by prying 
against cross head (not lever) until steam piston strikes head; make a mark 
on rod close to face of steam end stuffing box follower, then move piston rod 
to opposite end of stroke until steam piston strikes and make a mark on rod 
just half way between first mark and face of steam end stuffing box follower.

Now move piston rod backward until second mark is flush with face of 
follower, and the piston will stand a t mid-stroke.

Disconnect link from knuckle of valve rod on opposite side and place 
slide valve in steam chest, so th a t valve exactly covers both steam ports 
ta t  lead to opposite ends of cylinder, chest covers of course having been 
■taken off for this purpose.

Now hold slide valve nut exactly in center of space between slide valve 
lugs; screw valve rod through this nut until knuckle eye is in line with link 
eye and push link pin in place.

Repeat this process with other side of pump and the operation is com
plete. (It will be found an advisable plan to move both pistons to  mid
stroke before touching either slide valve.)

After everything is properly adjusted and before replacing 
chest cover, be sure to  move one of the slide valves off center
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INTERNAL

LOST MOTION

Figs« 23 fo 25« Various lost motion arrangements, internal and external,tc 
accompany special valve setting directions.

EXTERNAL
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so as to leave one steam  port open, otherwise pum p cannot be 
started. In  operation the valves can never move so th a t both 
will be on center a t  the same tim e under any condition of run 
ning. It is only when the  valves are deliberately placed, as in 
the operation of setting, th a t  th is can happen.

Case 2 .— When valve rod has lock nuts at each end of the valve 
(Fig. 24).

First place pistons and slide valves on centers, as previously 
mentioned, bu t do no t disconnect valve rod from link; then  set 
and lock nuts a t equal distances from outer faces of valve lugs, 
allowing about half the w idth of steam  port for lost m otion on 
each side.

A good way to prove equality of lost motion is to move valve each way 
until it strikes nut and note if both port openings be equal. If it be found 
that this allowance gives pump too much or too little length of stroke, the 
lost motion will have to be altered by trial until pump makes desired stroke.

Too much lost motion lengthens stroke and may cause pistons 
to strike cylinder heads; too little lost motion shortens stroke, de
creases pumping capacity and increases steam waste.

Case 3.— For external lost motion adjustment.

Set piston in the middle of its stroke, likewise the steam  valve 
on the opposite side; move collars on the valve rod link so th a t  
they will be about half the w idth of the steam  port away from 
the tappet.

Repeat this operation on the opposite side and the valves are se t. Pump 
may now be started and if it be found th a t stroke is too short, the collars 
must be screwed farther apart, care being taken to  turn back all collars the 
same amount, for otherwise the piston rod movement will be less than, full 
stroke and nearer to one end of cylinder than other.
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If stroke be too long so th a t pistons strike heads, collars must 
be set closer together.

With this type of valve gear, it is not actually necessary to  stop pump 
and remove chest cover as the collars can be adjusted by trial until required 
length of stroke is reached, while pump is in regular operation. When ad
justment is finally made, be sure to lock collars securely in place.

F i g .  26 ■—Vertical piston valve pump with outside lost motion ad ju stm ent.

C ase 4 .— For piston type valve with external lost motion ad
justment (Fig. 26).

Set m ain steam  piston a t m id-stroke, likewise steam  v a lv e  on 
the  opposite side.

To set valve in mid-position, remove top  valve chest cover 
and move valve until its upper face is just in line with the top 
edge of the upperm ost steam  port.
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If valve cylinder be of so small a diameter th a t it is difficult to  set valve 
on port line by inspection, measure distance from upper edge of top port to 
upper face of valve chest and move valve until its upper end is the same 
distance below face of chest. When thus set, lower end will be in line with 
lower edge of lower steam port as valve is made without lap.

Friction between valve and cylinder bore or stuffing box packing is usu
ally sufficient to hold valve in any position it may be placed, but if this be 
not the case, valve must be prevented dropping, while adjustments are 
being made, by means of a temporary blocking of wood or whatever material 
may be available.

After main piston and steam  valve are arranged in central 
position, collars are set in the same m anner as for an  ordinary- 
duplex slide valve w ith outside ad justm ent, and, as is the  case 
with these pumps having valves with outside ad justm ent, the 
valve travel and length of stroke can be adjusted by  tria l while 
pump is running w ithout the necessity of removing chest cover.

Directions and illustration refer to  piston steam  valves on a 
vertical duplex pum p, b u t apply as well to  a horizontal pum p.

How to Set the Valves of a Compound Duplex Pum p.—E vi
dently this type valve mechanism is similar to  th a t of a simple 
duplex pump, the  difference being simply in the addition of 
another slide valve. These valves are set in exactly the  same 
manner as for simple pum ps, except th a t two valves are to  be 
considered instead of one.

H pump do not operate satisfactorily, do not touch steam  
end until investigation shows th a t  trouble is no t elsewhere.

—In designating the two sides of a duplex pump, manufacturers have 
vh't •t a Pract'ce to denote as "right-hand” that side of the pump at the right 
•nich is seen when standing at steam end and looking toward water end, the other 

0 being “ left-hand. Th is  applies to all horizontal pumps. In  the case
of n ral PumPs right-hand side is one seen when standing at and facing front side 
ahovmp as it; star>ds vertically, and as steam cylinders of a vertical pump are always 
of i  £ w?ter cylinders, right hand side of a vertical pump is same as left-hand side 
Perts Pump. I t  is important to note this distinction in ordering repair
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Most pump troubles are due, not to steam end conditions, but to poor 
packing, fouled water cylinders, worn water valves or to  faulty conditions.

The steam cylinders of certain  types and sizes of direct-acting 
pumps are fitted w ith cushion valves, as shown in figs. 27 and 
28.

The purpose of these, as previously explained, is to provide an adjustable 
steam cushion for the piston so as to insure a full-length working stroke, and 
at the same time, prevent piston striking cylinder heads when pump is work
ing under widely varying conditions of load.

Referring to  the  figures a cham ber, one a t  each end of the 
cylinder, forms a  connection betw een steam  port and exhaust 
Port, and this connection can be shut off by means of a cushion 
valve.

As the piston approaches end of stroke it covers exhaust port, through 
which steam has been exhausting and confines it in space a t  cylinder end, 
thus forming a steam cushion th a t prevents piston striking head. Amount 
of this cushion is varied by opening or closing the cushion valve, the only 
means of escape for the confined steam being through chamber to exhaust 
Port.

The more the cushion valve is open the longer the stroke will be.

If pump be running a t low, speed or working under heavy 
load, cushion valves should be open as m uch as possible w ith
out allowing piston to  strike heads.

If pump be running a t high speed or working under light load, valves 
must be closed more. Amount of steam cushion, and consequently length 
°f stroke, can be properly regulated under different conditions of running 
by the simple adjustment of these valves. See also page 331.

The valve gear of pum p should always be adjusted  so th a t 
Pistons will m ake as long stroke as possible w ithout striking 
heads while cushion valves rem ain wide open.
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Cushion valves are then partly or wholly closed, as varying conditio 
of load may demand.

Pumps of the smaller sizes are not fitted with cushion valves; instead« 
the valve, a plug is screwed into the wall separating ports ST and EX a 
C. A small hole is drilled through the plug of a size suited for thebe', 
general operation of the pump and through this hole the confined steams 
slowly exhausted, the banked steam forming a proper cushion for the ad
vancing piston.
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C H A PT E R  17

Reciprocating Pumps; 
Calculations

Numerous calculations, da ta  and tables are here given rela t
ing to various types of pum ps which will be found useful to  the 
engineers as well as erectors and operators. The calculations 
are of a diversified nature  and are intended to  cover those ordin
arily encountered.

Practical Lift.—Theoretical and practical lifts are quite 
different, there being a num ber of conditions causing the prac
tical lift to be considerably less th an  the  theoretical value. 
Accordingly for erectors, the correct determ ination of the prac
tical lift is very im portant.

In fact, failure to  correctly determine the lift has been the cause of 
numerous failures in installations.

Although Torricelli dem onstrated by experiment th a t the 
Pressure of the atm osphere a t sea level, 14.7 lbs. per sq. f t . , will 
suPPort a column of cold w ater a t its maximum density 33.83 
iri high, no pump will do this.

fn making a calculation for theoretical lift referred to  a 30 
lr>ch barometer which corresponds to  atm ospheric pressure of
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14.74 lbs. per sq. in. A column of water approximately 2.31 
feet high exerts a pressure of one lb. per sq. in. Accordingly, 
the corresponding theoretical lift is

Ther. lift =  2.31 x 14.74 =  34.049 feet.
(usually sta ted  as 34 feet.)

The actual lift th a t can be obtained in practice is limited!)) 
the following opposing conditions:

1. Tem perature of the water

2. Lowering of the air pressure w ith elevation

3. Frictional resistance through pipes, fittings and passage;

4. Leakage

Practical or Perm issible Lifts

For various tem peratures and altitudes

ALTI-
Tem perature of W ater in  Degrees F .

TUDE 60 70 80 90 100 110 120 130 140 150 160 170 180 190

A t eca level - 2 2 - 2 0 - 1 7 - 1 3 - 1 3 - 1 1 - 8 - 6 - 4 - 2 0 +  3 +  5 +  7
A t 2000 alt. - 1 9 - 1 7 - 1 5 - 1 3 - 1 1 -  8 - 6 - 4 - 2 +  1 +  3 +  5 +  7 +10
A t 4000 alt. - 1 7 - 1 5 - 1 3 - 1 0 -  8 -  6 - 4 - 1 + 1 + 3 +  5 +  7 +10 +12

A t 6000 a lt. — 15 - 1 3 -1 1 -  8 -  6 -  4 - 2 + 1 + 3 + 5 +  7 + 10 +12 +14
A t 8000 a lt. - 1 3 -1 1 -  9 -  6 -  4 -  2 0 + 3 + 5 + 7 +  9 +  12 +14 +16
A t 10.000 a lt. -1 1 -  9 -  7 -  4 -  2 0 +  2 + 4 + 7 + 9 +11 +14 +16 +18

T he above table according to  W orthington gives the P$' 
tical or permissible lifts corresponding to  various temperate 
and elevations. W here the values are preceded by a minus (' 
sign, lift is indicated; where the  values are preceded b y a F  
( + )  sign head is indicated.
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Ques. Does th is table apply for pum ping liquids other than  
water and why?

A m . No. I t  depends upon the specific gravity of the 
liquid being pum ped.

Thick liquids such as tar, molasses, should always flow to the pump by 
gravity that is, under inlet head frequently called negative lift.

The Inlet Pipe.— This pipe ignorantly called the “suction 
pipe” should be as direct as possible, th a t is, not to rtu red  by  a 
multiplicity of close elbows, which m ight offer enough frictional 
resistance to upset the  values in the table just given.

Accordingly to  reduce frictional resistance to  a minimum, the 
elbows should be avoided and the  inlet pipe proportioned for a  
flow of

250 ft. per minute*
Example.—A double acting duplex power pump runs a t  50 r.p .tn . 

cylinders 10 in. diameter by 12 in. stroke. Find diameter of inlet pipe.
Each pump makes two discharge strokes per revolution hence the piston 

speed of each pump is
12 X 2

12
X 50 =  100 feet

Since there are two pumps, the to tal distance traveled by the pistons 
or total piston speed is

2 X 100 =  200 ft.
Now area of the two pistons

=  2 X 102 X .7854 = 157.1

The area of the inlet pipe will be as much smaller than the area of the 
cylinders, as 200 is to 250, that is,

^ O T E .-T h is  was the author's practice in designing pumps for City Water
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Area inlet pipe =  157.1 X ^  =  125.7 
2o0

-V IDiam. =  =  12% approx.

E xam ple .—W hat is the diameter of inlet pipe for a 1,000,000 gaT.cc 
(per 24. hours) pump for 250 ft. flow through the pipe?

1,000,000 gallons per 24 hours

1 ,000,000 .

= ~24"x~60~ =  S' P erm m -

One gallon = 231 cu. ins., and the volume of flow per minute is 
694 X 231 = 160314 cu. ins.

Area inlet pipe for 250 ft. flow
160314 160314 ro ,

= 250~xT2 = "3000~ = SCp lnS‘

Diameter =  =  8% in. approx.

As this is not a standard size take the next larger size which is 9 ins.

Ques. W hy next larger size?

A n s . This is especially im portant for the inlet side, as in
creased flow with the smaller pipe would add to  the frictional 
resistance of the pipe.

Manufacturers usually make the outlet one pipe size smaller than the 
inlet opening. The general practice is illustrated in the following table, 
which gives not only pipe sizes for water end, but also for steam end. |  
represents the latest practice of one of the leading manufacturers of pun#

Ques. How is lift measured?

¿ n s .  Vertically from the surface of the water to  the center 
of the inlet opening on the pump.
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The exact size will depend upon the nature of the  discharge 
line, its length, number of elbows and other conditions tending

Fig. 1.—Gauge method of obtaining static and dynamic heads, also si0"; 
and dynamic lifts. Note total column in place of the alleged and * 
objectionable total "head" as it is ordinarily called.
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to set up resistance to  the flow of w ater. For tan k  service or 
installations in buildings, the  discharge pipe is usually cal
culated on a basis of 400 ft. per m inute flow.

Head.—The sta tic  or dynam ic head acting upon a pum p m ay 
be found by a test gauge placed on the  discharge pipe of a pum p, 
as in fig. 1, gauge A. If the pum p be a t  rest, the reading will 
give the sialic head H s , if in operation, the dynamic head H D.

Example.—With pump a t rest what is the static head Hs when gauge 
A (fig. 1) reads 35 lbs.?

A column of water 2.31 ft. high exerts a pressure of 1 lb. per sq. in. 
Hence for a gauge reading of 35 lbs. the corresponding head or

Hs =  2.31 X 35 =  80.9 ft.
If the pump were in motion, the gauge A, would read higher owing to 

frictional resistance in pipe to flow and this would correspond to the dynamic 
head Hd, represented by the dimensions Hjd in fig. 1 , extending to some 
imaginary point as M.

Ques. Is the head the to ta l load on the pump?

4ns. No, the lift L , m ust also be considered.
In fig. 1 , evidently the pump must raise the water from level W , in the 

well to level T , in the tank, hence total static column Cs or
Cs = Ls +  Hg

Ques. W hat name is very objectionably generally given to  
the “total column” L s +  H s (or L D +  H D)-

4ns. Total static  head or to ta l (dynamic) head.

In spite of the cast iron definitions for lift and head which have become 
firmly fixed by long usage, it would require a stretch of the imagination to 
agree with any argument advanced which would justify including the lift 
as part of the alleged total head. The author in order to  avoid such 
messy misuse of words calls i t  the “total column” and th a t is just what 
U is, specifically static or dynamic.
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Ques. How m ay static and dynamic lifts (Ls and LD, fig-1) 
be measured?

A n s . By taking readings of the  vacuum  gauge B, and con
verting the inches of vacuum  into ft. elevation.

E xam ple .—W hat is the dynamic lift (Ld ) if vacuum gauge B (fig. 1! 
read 18 ins.?

Lift in ft. = vacuum reading X .49116 X 2.31.....................fl)
In the equation .49116 is lbs. per sq. in. corresponding to 1 in. of mercui). 

2.31 ft. is the height of a column of water which exerts a pressure of 1 to
per sq. in. Substituting vacuum reading in equation (1)

Lift in ft. =  18 X .49116 X 2.31 =  20.4 ft. approx.

Ques. If the water flow to the pum p under a head as indi
cated by the dotted outline in fig. 1, how is the total column 
obtained?

A ns. The inlet head should be subtracted  from the discharge 

head.

That is, instead of H +  L for total column it  becomes H — Lx o 
which Ln  is “ negative” lift as sometimes questionably called.

In fig. 1 dynamic lift L D is represented by the dimension LD ex ten d «  
to  some imaginary point as N

Ques. W hat allowance is made for velocity head in direct j 
acting pum ps and why?

A n s. I t  is generally negligible as the velocities are low.
. . .  . _ . s< ||

D isplacement.—By definition, the displacement of a recipro
cating pum p is: The volume swept through or displaced by ft1
piston or plunger in a single stroke.

Displacement is stated in various ways as:
1. Cu. ins. per stroke
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2. Cu. ins. per m inute
3. Gallons per m inute

However, sta ted  in term s of cu. ins. per stroke adheres more 
closely to the meaning of the definition.

To determine the  displacem ent of a pum p cylinder in cu. ins. 
per stroke, apply the  following rule:

Rule.—M ultiply the  effective area of the  piston (or plunger) 
by the length of the stroke.

Example.—A double acting simplex piston pump has a water cylinder 
5 X 12, 1 in. piston rod. W hat is its displacement per stroke in cu. ins.?

Area piston =  52 X .7854 = ......................................19.635 sq. ins.

Vi Area piston rod =   ̂ —  .............................393*

Effective area piston (=  Item A — Item B) = .........19.242 sq. ins.

Displacement = effective piston area X stroke 

19.242 X 12 =  230.9 cu. ins.

Example.—W hat is the displacement of the pump per minute in the 
preceding example, when running 92 strokes per minute?

Rule.— Cylinder displacement per stroke multiplied by the 
number of discharging strokes per minute.

Since the pump is double acting each stroke is a discharging stroke 
and accordingly—

Displacement per minute =  230.9 X 92 = 21242.8 cu. ins.

relit'' —Substracting half of piston rod area to find effective piston area 
to rM as must be evident, to a double acting pump. Clearly the whole rod acts 
. , 'educe the displacement cn one side of the piston, but not on the other, hence 

trading the half area would give the average.
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Ques. W hat is the  displacement per m inute in gallons?

h n s .  The volume of one gallon is 231 cu. in s ., hence displace
m ent =  21242.8 -5- 231 =  91.96 say, 92 gallons per minute.

Piston Speed.—By definition: The total distance in feet hat-
eled by a moving piston {or plunger) in one minute.

SINGLE DOUBLE
ACTING ACTING

Figs. 2 and 3.— Simplex single acting and double acting power pumps ¡11̂  
trating figuring displacement with piston speed.
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Example.—A pump having a 16 in. stroke makes 60 strokes per minute.

Piston speed =  ^  ^  ^  =  80 ft. per min.

Figuring Displacement with Piston Speed .— Piston speed 
can be used as a factor in figuring displacem ent, b u t a coefficient 
must be used whose value depends upon the  type of pum p 
stated in terms of num ber of discharging strokes “per revolu
tion.”

To make this plain, consider the so-called power pum ps. 
For instance consider a  single acting power pum p as in fig. 2, 
end a double acting pum p, fig. 3. Evidently  the single acting 
pump, fig. 2, has one discharging stroke per revolution, and the 
double acting pum p, fig. 3, has two discharging strokes per 
revolution.

Now piston speed is based upon both  the  up or charging stroke 
and the down or discharging stroke. Since in one revolution 
for the single acting pum p (fig. 2) there is only one discharging 
stroke, the coefficient here is Yi, th a t  is the piston speed m ust 
bo multiplied by Evidently  in the  double acting pum p the 
coefficient is 1, since there are two discharging strokes per
revolution.

Example.—A single acting power pump with a  displacement of 300 
vu. ins. running a t 100 r.p.m. W hat is the displacement per revolution?

Since (in fig. 2) there is only one discharging stroke per revolution, the
displacement is

300 X Vi =  150 cu. ins.

Example.—A double acting pump (as in fig. 3) has a displacement of 
300 cu. ins. running a t 100 r.p.m. What is the displacement per revolution?

Here the pump discharges both strokes and evidently the coefficient is 
1, that is

300 X 1 =  300 cu. ins. per r.p.m.
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Evidently the various combinations can be tabulated trill 
respect to  piston speed.

Single Acting

Coefficient X Piston Speed

Simplex Vi 1

Duplex 1 1

Triplex 1 H 1

Double Acting

Simplex l 1

Duplex 2 1

Triplex 3 1

E x a m p le .—A triplex single acting pump has a displacement of $ 
cu. in . per cylinder. What is the displacement per revolution?

Displacement per revolution = 300 X  1 lA  =  450 cu. ins.
E x a m p le .—A duplex double acting pump has a displacement of A' 

cu. ins. per cylinder. What is the displacement per revolution?
Displacement per revolution = 300 X  2 = 600 cu. ins.

Piston Speeds for Pum ps.—The capacity of a pump havh? 
voluntary opening valves is lim ited by the  num ber of times the 
valves will open and close smoothly and quietly, and not by 
the piston speed.

The speeds listed in the following table are determined fro® 
years of observation and tests by m anufacturers and are sucb
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as will result in quiet and satisfactory operation w ith minimum 
reversals of the pistons, bo th  of which add to  the  durability  
of the pump under continuous operating conditions.

Piston Speeds for Pumps

c.
£3
£<
0
0

General
Service
Pum ps

L ig h t
S e rv ic e
P u m p s

B o ile r  F e e d  
a n d  

H o t  W a le r  
P u m p s  
V isc o u s  

L iq u id  P u m p s

H o t
O il

P u m p s

W e
V a c u
P u m

Je t
C o n d e

urn
p s

i s e r s
P re s s
P u m

uro
p s

1 Strokes F t. S tro k e s F t . S tro k e s F t . S tro k e s F t . S tro k e s F t S tro k e s F t .
Per P e r P e r P e r P e r P e r P e r P e r P e r P e r P e r P e r

Min. M in . M in . M in . M in . M in . M in . M in . M in . M in . M in . M in .

3 100 27 108 27 72 18 50 1 2 .5 100 2 5 80 20
4 100 3 3 .3 105 35 66 22 50 1 6 .6 100 • 3 3 .3 72 24
5 92 3 8 .3 9-4 39 5 7 2 3 .8 50 21 92 3 8 .3 63 2 6 .2
6 80 40 84 42 52 26 50 25 80 40 60 30
7 77 45 77 4 5 48 28 50 29 77 45 55 32
8. 75 50 75 50 4 5 30 50 3 3  3 75 50 5 4- 36

10 66 55 72 60 45 3 7 .5 50 41 6 66 55 5 4  ’ 45
12 60 60 6 5 65 39 39 50 50 60 60 50 50
16 56 7 4 .6 60 80 34 4 5 .3 39 52 56 7 4 .6 45 60
18 5-1 81 60 90 34 51 35 5 2  5 54 81 43 64 5
20 51 85 60 100 33 55 33 55 51 85 42 70
24 50 100 50 100 30 60 30 60 50 100 3 8 76

Slip.—The displacements in  the  preceding examples are only 
theoretical displacements—no pum p in actual operation dis
charges a volume of w ater equal to  its theoretical displacement 
because of:

h Slip through the valves and

2. Leakage

%  definition, slip of pum ps is: That amount by which the 
volume of water delivered per stroke fa lls short of the pum p’s 
displacement, generally expressed as a percentage of the displace
ment.

Exam ple.—The displacement of a certain pump is 300 cu. ins. but in 
operation the volume of water discharged is only 285 cu. ins. per stroke.
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W hat is the slip in per cent of the displacement?

Slip =  300 — 285 =  15 cu. ins.

Q ues. W hat allowance is usually m ade for slip?

A n s . Slip varies in pum ps from 2%  to  10% depending on tit 
type of pum p, whether piston or plunger, also the  conditiond 
the  pum p and the pressure the pum p is working against. Fort 
plunger pum p it is good practice to  figure 2%  in estimating the 
slip of a pum p, for light service piston pum ps 5% , and for pres
sure pa tte rn  piston pum ps 10%.

Ques. "What other factor except slip m ay reduce the output 
of a fast running pump?

4 n s .  If  the speed be too great the water cannot flow through 
the inlet valves fast enough to  completely fill the cylinder.

Q ues. "What is negative slip?

A n s . This relates to  a discharge greater th an  the displace
m ent.

This can happen with bucket valve pumps operating on low lift Jij**
the moving column of water has sufficient dynamic inertia, that is, moroa-
tum  to continue in motion during part or aU of the return stroke.

Capacity.—By definition, the capacity of a pump is: ^  
actual volume of water delivered. I t  is usually stated  in ter® 
of gallons per stroke or gallons per m inute when dischargingat 
a given speed.
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Example.—A certain single acting pump has a displacement of 300 
cu. ins. What is its capacity in gallons per minute when making 100 
strokes per minute with 5% slip?

Since it is single acting there are only 100 -5- 2 = 50 discharging strokes 
per minute, hence

Displacement per min. = 300 X 50 =  15000 cu. ins.

5% slip = 15000 X .05 =  750 cu. ins.

Capacity per min. = 15000 — 750 = 14250 cu. ins.

=  14250 +  231 = 61.59 gallons.

How to Figure Capacity.— Rule: M ultiply the area of the 
piston in sq. ins. by the length of the stroke in  ins., and by the 
number of delivery strokes per m inute ; divide the product by 1,728 
to obtain the theoretical capacity in  cu. f t., or by 231 to obtain 
theoretical capacity in  U. S. gallons. The result thus obtained 
is to be multiplied by an assumed factor representing the efficiency 
°f the pump to obtain the approximate net capacity.

The rule expressed as a formula is

Approximate net capacity = X (1 — f )  c u . f t . ,

=  7854 X L X N X (1 - / )  gallons

in which

D* = square of piston or plunger diameter in sq. ins.;

L = length of stroke in ins.;

N = number of delivery strokes per minute;

/  = factor representing assumed slip in per cent, of displacement;

1,728 = cu. ins. in one cu. ft.;

231 = cu. ins. in one U. S. gallon.



444 Reciprocating Pum ps; Calculations

E x a m p le .—What is the approximate net capacity of a 3 X 5 doubk 
acting power pump running at 75 revolutions per minute with an assured 
slip of 5 per cent., applying this formula?

Approximate net capacity =  -^ 4  X 3 X  5 X 150 — .05)= 2.92 cu. It.
1,728

= ;7854 x  y  x  5 X  j .^ x ( l— .05) = 22.8gals.
231

W ater Valves.— It has been proven by practice after many 
years of experiments th a t a num ber of small valves are more 
satisfactory th an  a few large valves. In  a well designed valve  
the valves seat opening area will equal the valve port openinl 
area w ithout, the  necessity of too much valve lift to  give equal 
area.

The au thor’s practice in designing valves for City Water 
W orks pum ps lim ited the diam eter to  4 or 4-| in s .— neva 
larger, no m atter how large the pum p. The seat o p e n in g  is 

m ade such th a t the seat opening and port opening will be equal

ized a t J4 in. valve lift.

E x a m p le .—Calculate valve port opening area.for a simplex douk 
acting pump having a capacity of 231 gallons per minute neglecting W 
when running 100 strokes per minute.

Displacement per minute = 231 X  231* = 53361 cu. ins.

Using 4 in . valves diameter of port opening is 3'A  ins. (see fig. 4)». 
for ]4, valve lift,

/ Area valve port opening = ;„53361 =. 17.8 sq. ins.4«)U Xl4
/N O T E .—The area of valve port opening should equal the area through vah* 

ports.

»N O TE—The second 231 -  cu. ins. in 1 gallon. 250 -  250 ft. flow per
NOTE.—Figs. 4 and 5 show graphically the valve port opening. In fig-*n 

valve port opening is cylindrical in shape, J-f in. high and having a diam«ei 
equal to that of the seat openin'*.
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Area port opening per valve
= 3.5 X  3.1416 X  Vi =  2.75 sq. ins.

Number of valves
= total port opening area h- area per valve 
= 17.8 2.75 = 6.5 valves, say 7.

That is , 7 valves are required for each valve nest.

Spring Pressure on V alves—As given by one authority, 
spring pressure for discharge valves approxim ately .005 to .01 
times the w ater pressure with lim it of 5 lbs. per sq. in. For 
inlet valves spring pressure should be. .25 to  .5 lb. per sq. in.

Calculations for Size of Cylinder: W ater E nd.—To illus
tra te  the m ethod of calculating cylinder dimensions, the author 
here gives the  calculations for boiler feed pum p of his steamer 
S to rn o w a y  II , in the following example:

E x a m p le .—Find size of boiler feed pump engine driven (1:1) 250 r.pM 
Steam consumption 20 lbs. per h .p .k . 30 h.p.

To calculate the size required, m ake capacity sufficient to 
pum p twice the feed, water and allow say 5%  for slip, that is

‘ Capacity of pump = 2 (20 X  30) +  5% = 1,260 lbs. per hour 
water per minute = 1,260 -5- 60 = 21 lbs.

The pump being single acting makes one delivery stroke per revolut® 
of the engine and at 250 rev. per minute,

water per delivery stroke = 21 -i- 250 = .084 lb .
Assuming a hot well temperature of 120° Fah r., 1 cu. ft. of water §  1®° 

weighs 61.74 lbs., hence 1 lb . of water = 1,728 -s- 61.74 = 27.99 cu. w- 
and on this basis

pump displacement per delivery stroke = 27.99 X  .084 = 2.35 cu. in.

*NOTE.—The factor 20 is the “expected” consumption of feed water in lbs. 
hour, and 30 the indicated horse power.
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The stroke of pump will depend somewhat on the distance between the 
engine columns and cylinder axis and space available on bed plate for the 
pump, all of which must be considered.

Evidently various values may be given to  stroke and diameter of plun
ger to obtain the required displacement, and to properly choose the best 
ratio, a table should be made (by aid of slide rule) thus:

f'3- 6.—Cross head drive for pump. The plunger is attached direct to the 
cross head. This is a very simple arrangement and because of the l° n9 stroke 
•he plunger is of very small cross sectional area, thus bringing very little stress 
on the arm projecting from the cross head. This forms a simple and desirable 
Ujiongement when the piston speed is slow enough for the satisfactory working 

the pump. The speed limit can be extended by using valves of liberal size, 
thus the volume of water is passed with very little lift of the valves, and the 
noise and jar due to seating reduced.

Eccentric drive for pump. This is a satisfactory and common form of 
™ve, though the eccentric drive introduces more friction than in other forms, 
necessitating closer attention to lubrication.

Feed Pump Sizes

Diameter Vi Vs 1

Stroke... 5.35 3.92 4.54 3
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A sectional view of the pump as designed for steamer Stornoicoy II 
is shown on page 520.

Efficiency of Pum ps.—A general definition of efficiency is 
The ratio of the useful work performed by a prime mover and Ifa 
energy expended in producing it.

As applied to  pum ps th is definition doesn’t  fully apply. Is 
fact the loose use of the  word efficiency in connection w|

Fig. 8.— Geared drive for pumps. For small high speed engines this anon? 
ment permits a speed reduction to any desired number of strokes per ny: 
for the pumps and is a highly satisfactory method of driving pumps on tr 
speed engines.

pum ping m achinery is ambiguous, and has led to  unnecessi 
disputes in the interpretation of guarantees and contract- 
There are several kinds of pum p efficiency:

1. H ydraulic 2. Volumetric 3.- Thermal
4. M echanical 5. Overall
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Hydraulic Efficiency.—By definition: The ratio of the total
column* pumped against to the total column pumped against plus 
the hydraulic losses.

Ques. W hat are the  hydraulic losses?

Ans. All losses including velocity head, from the source of 
supply through the  w ater end cylinders to  the point where the 
discharge gauge is attached.

Volumetric Efficiency.—By definition: The ratio of the ca
pacity to the displacement, th a t  is

capacity
volumetric efficiency =  displacemen^

Thermal Efficiency.—By definition: The ratio o f the heat 
utilized by the pum p in doing useful work to the heat supplied. 
The formula for therm al efficiency is:

v  _ 42.44 X  P  X  60 
* S (H - /i)

>n which

42.44 = heat equivalent of one horse power in  B .t.u . per 
minute

P = horse power
S = steam consumed in lbs. per hour 
H = total heat in one lb. of steam  a t  initial pressure 
h = total heat in one lb. of feed w ater

„n^PTE.—Total Column = dynamic head +  dynamic lift; very objectionably 
tv i ? “head.” It would require some imagination to consider lift as part of 

unless one wants to deliberately butcher definitions.
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M echanical Efficiency.—B y definition: The ratio of the indi
cated horse power of the water end to the indicated horse pom  <j 
the steam end, th a t  is,

, . . . I .H .P . w ater endmechanical efficiency = ------------------------
l .H .P . steam  end

According to  one m anufacturer the  mechanical efficiency of 
direct acting pum ps varies w ith the size and type from 50% to 
90% . This factor can be determ ined only by actual test.

The following table gives an approxim ate idea of the mechan
ical efficiency of direct acting pum ps of the  piston and outside 
packed types.

I t is recommended th a t the mechanical efficiency be taken at SO;,- 
of the values given in this table:—

M echanical Efficiency of Pum ps

Stroke 
of Pump 
Inches

Piston 
Type Percent

Outside Packed 
Plunger Type 

Percent

3 55 50
5 60 56
6 65 61
7 68 64
8 72 68

to 76 72
12 78 75
16 80 77
20 S3 80
24 85 82

Horse Power a t the W ater End.—The horse power required 
for a given pum p capacity is obtained by the following form#

T  H  p  _  Cu. ft. X  W (Ls +  H s)
33,000
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_  Cu. ft: X W (L d +  H d)
‘ ~  3 3 ,0 0 0

* .

i in which

T .H .P . =  theoretical horse power

I .H .P . =  indicated (actual) horse power

W  =  weight of one cu. ft. of w ater in lbs.

L s =  sta tic  lift in  feet

L d =  dynam ic lift in feet

H s =  sta tic  head in  feet

H d =  dynamic head in feet

Example.—W hat is the theoretical horse power required to  raise 100 
cu. ft. of water 200 ft., with a 10 ft. lift when the water is a t a temperature 
of 75° Fahr., and when a t 35° Fahr?

For a temperature of 75°, one cu. ft. of water weighs 62.28 lbs. Sub
stituting this and the other data in the formula,

T.H.P. (at 75° F a h r .) =  100 X 62^  +  2°°^ =  39.63oo,U\JU

Now if the water have a temperature of only 35°, as might be in very cold 
weather, the weight of one cu. ft. will increase to  62.42, and the horse 
Power would accordingly increase in proportion to  the ratio of the two 
weights, or

T .H .P . (at 35° Fahr.) =  39.63 X | | | |  =  39.7

By observing the very slight difference in the two results i t  will be seen 
that for ordinary calculations, the temperature need not be considered, 
taking the usual value 62.4 lbs.

I
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How to Calculate Size of Steam  Cylinder.— In  a direct con
nected pum p the  diam eter of the  steam  cylinder is always 
greater th an  th a t  of the w ater cylinder principally on accountoi 
the excessively low mechanical efficiency of the pump, that is, 
loss due to  friction.

The size of the steam  piston depends upon:

1. M ean effective pressure on piston

2. Hydraulic load

3. M echanical efficiency

E xam ple .—A simple direct connected pump has a 10 inch water pis!® 
Dynamic hydraulic load is 100 lbs. per sq. in. Mean effective pressure® 
steam piston 80 lbs. per sq. in. Mechanical efficiency 55% including Ms 
allowance for possible drop in steam pressure. Find diameter of stes® 
cylinder.

Area water piston =  M i  D: =  .7854 X 10 =  78.54 sq. ins.

Total hydraulic load =  78.54 X 100 =  7854 lbs.

Total load to be overcome by steam piston (mechanical efficiency “ 
55%)

= 7854 X 1.55 =  12174 lbs.

12174 l r o o  area steam piston = - _ - =  152.2 sq. ins.
80

/159 2
diameter piston =  I ■ =  13% (approx. from table)

\  .7854

In this case make diameter 14 ins. (area 153.9)
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Circumferences and Areas o f  Circles
Diam. Circum. Area Diam. Circum. Area Diam. Circum. Area Diam. Circum. Area

0.0491 0.0002 3 9.4248 7.0686 8 25.1327 50.265 16 50.2655 201.06
$ 0.0982 0.0008 XA 9.6211 7.3662 X 25.5254 51.849 X 50.6582 204.22
% 0.1964 0.0031 x 9.8175 7.6699 X 25.9181 53.456 X 51.0509 207.39
'A 0.2945 0.0059 % 10.0138 7.9798 X 26.3108 55.088 X 51.4436 210.60
ft 0.3927 0.0123 X 10.2102 8.2958 X 26.7035 56.745 X 51.8363 213.82
fv 0.4909 0.0192 *A 10.4065 8.6179 X 27.0962 58.426 X 522290 217.08
X 0.5890 0.0276 X 10.6029 8.9462 X 27.4889 60.132 X 526217 220.35
A 0.6872 0.0376 A 10.7992 9.2806 X 27.8816 61.862 X 53.0144 223.65
Vk 0.7854 0.0491 X 10.9956 9.6211 9 28.2743 63.617 17 53.4071 226.98
% 0.8836 0.0621. 9A 11.1919 9.9678 X 28.6670 65.397 X 53.7998 230.33
A 0.9817 0.0767 X 11.3883 10.321 X 29.0597 67.201 X 54.1925 233.71
% 1.0799 0.0928 "A 11.5846 10.680 X 29.4521 69.029 X 54.5852 237.10

1.1781 0.1105 x 11.7810 11.045 X 29.8151 70.882 X 54.9779 210.53
% L2763 0.1296 % 11.9773 11.416 X 30.2378 72760 X 55.3706 213.98
A 1-3745 0.1503 X 12.1737 11.793 X 30.6305 74.662 X 55.7633 217.45
% 1.4726 0.1726 liA 123700 12.177 A 31.0232 76.589 X 56.1560 250.95

& 1.5708 0.1961 4 12.5664 12.566 10 31.4159 78.540 18 56.5487 251.47
f t 1.6690 0.2217 y* 12.7627 12.962 X 31.8086 80.516 X 56.9414 258.02
% 1.7672 0.2485 y> 12.9591 13.364 X 322013 82516 X 57.3341 261.59
8* 1.8653 0.2769 ( i 13.1554 13.772 X 325940 84.541 X 57.7268 265.18
if/ 1.9635 0.3068 133518 14.185 X 329867 86.590 X 58.1195 268.80
s 2.0617 0.3382 *A 13.5481 14.607 X 33.3794 88.661 X 58.5122 27245
$ 2.1598 03712 X 13.7445 15.033 X 33.7721 90.763 X 58.9049 276.12

2.2580 0.4057 A 13.9408 15.466 X 34.1648 92886 X 59.2976 279.81
2.3562 0.4418 X 14.1372 15.904 11 34.5575 95.033 19 59.6903 283.53

s 2.4544 0.4794 9A 14.3335 16.349 x 34.9502 97.205 X 60.0830 287.27
% 2.5525 0.5185 X 14.5299 16.800 X 35.3429 99.402 X 60.4757. 291.04

2.6507 0.5591 "A 14.7262 17.257 X 35.7356 101.62 X 60.8684 294.83
2.7489 0.6013 X 14.9226 17.721 X 36.1283 103.87 X 61.2611 298.65
S S jg 0.6450 ”A 15.1189 18.190 X 36.5210 106.14 X 61.6538 30249

llA 2.9452 0.6903 X 153153 18.665 X 36.9137 108.43 Y\ 62.0465 306.35
'A 3.0434 0.7371 liA 15.5116 19.147 X 37-3064 110.?S X 624392 310.24
1 3.1416 0.7861 5 15.7080 19.635 12 37.6991 113.10 20 62.8319 314.16

33379 0.8866 A 15.90-13 20.129 X 38.0918 115.47 X 63.2246 318.10

I
3.5343 0.9940 x 16.1007 20.629 X 38.4845 117 86 X 63.6173 322 06
3.7306 1.1075 *A 16.2970 21.135 X 38.8772 120.28 X 64.0100 326.05

0 3.9270 1.2272 x 16.4934 21.618 X 39.2699 122.72 X 64.4026 330.06%i 4.1233 1.3530 A 16.6897 22.166 X 39.6626 125.19 X 61.7953 334.10
4.3197 1.4849 X 16.8861 22.691 X 40.0553 127.68 Y\ 65.1880 338.16
4.5160 1.6230 A 17.0824 23.221 . x 40.4480 130.19 X 65.5807 34225

b 4.7121 1.7671 X 17.2788 23.758 •13 40.8407 13273 21 65.9734 346.36
4.9087 1.9175 % 17.4751 24.301 X 41.2334 135.30 X 66.3661 350.50

if. 5.1051 2.0739 bA 17.6715 24.850 X 41.6261 137.89 X 66.7588 354.66
5.3014 2.2365 UA 17.8678 25.406 X 42.0188 140.50

X
67 1515 358.81

a . 5.4978 2.4053 X 18.0612 25.967 X 424115 143,14 67.5442 363.05
5.6941 2.5802 UA 18.2605 26.535 X 428042 145.80 X 67.9369 367.28
5.8905 2.7612 X ) 8.4569 27.100 X 43.1969 148.49 X 68.3296 371.54

% 6.0868 2.9483 'A 18.6532 27.688 X 43.5896 151.20 X 68.7223 375.83
2 6.2832 3.1416 6 18.8496 28.274 14 43.9823 153.94 22 69.1150 380.13

6.4795 3.3410 X 19.2423 29.465 X 44.3750 156.70 X 69.5077 384.46
& 6.6759 3.5466 X 19.6350 30.680 X 44.7677 159.48 X 69.9004 388.82

6.8722 3.7583 X 20.0277 31.919 X 45.160-4 16230 X 70.2931 393.20
h .7.0686 3.9761 X 20.420-1 33.183 X 45.5531 165.13 X 70.6858 397.61
8 7.2619 4.2000 X 20.8131 34.472 X 45.9458 167.99 X 71.0785 40204

7.4613 4.4301 X 21.2058 35.785 X 46.3385 170.87 Y\ 71.4712 406.49
* 7.6576 4.6664 u 21.5984 37.122 X 46.7312 173.78 X 7L8639 410.97

7.8540 4.9087 7 21.9911 38.485 15 47.1239 176.71 23 72.2566 415.48
S 8.0503 5.1572 X 22.3838 39.871 X 47.5166 179.67 X 726493 420.00

8.2467 5.4119 x 22.7765 41.282 X 47.9093 18265 K 73.0420 43156
8.4430 5.6727 X 23.1692 42718 X 48.3020 185.66 X 73.4347 429.13
8.6394 5.9396 X 23.5619 44.179 X 48.6947 133.69 X 73.8274 433.74

9
8.8357 6.2126 X 23.9546 45.664 . X 49.0874 .191.75 X 74.2201 438.36
9.0321 6.4918 X 24.3473 47.173 X 49-4801 194.83 Ys 74.6128 443.01
9.2281 6.7771 <x 24.7400 48.707 8 49.8728 197.93 75.0055 447.69
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Duty of P u m p s—The word “d u ty ” is used in engineering 
to express the efficiency of a steam  pum ping engine as m easured 
by the work done by a  certain  quan tity  of fuel, or steam . D u ty  
then, stands for foot pounds or work done, and m eans the num 
ber of pounds of w ater lifted one foot, or its equivalent, by 
100 pounds of coal, or 1,000 pounds of saturated  steam .

Formerly duty was expressed on the coal basis, but this has fallen into 
disuse owing to the variations in the quality of the latter.

Duty expressed per 1,000 lbs. of steam  is equivalent to  100 
lbs. of coal when the evaporation is 10 to  1.

This result is readily obtainable 'with good grades of coal when the 
boilers are correctly proportioned and in proper working condition.

Duty per 100 lbs. of coal would show the combined efficiency 
of the pump and boiler; when expressed on the steam  basis, the 
efficiency of the pum p alone is obtained.

The latter, therefore, is generally used, as the result sought is to deter
mine how economical the pump is in the use of steam.

Another unit of du ty  is the foot pounds of work at the water 
end per million heat units furnished by the boiler.

This is the equivalent of 100 pounds of coal where each pound imparts 
10,000 heat units to  the water in the boiler, or where the evaporation 
is 10,000 -r* 965.7 = 10.355 pounds of water from and a t 212°, per pound 
of coal.

The last m entioned un it which was reported in 1891 by  a com
mittee of the A . S . M . E . ( Trans. X I I , 530), reaffirmed i t  in 
1915 as the standard  u n it and  defined i t  as follows: The duty per 
million heat units is found by dividing the number of foot pounds 
°f work done during the trial by the total number of heat units 
consumed, and multiplying the quotient by 1,000,000.
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The amount of work is found in the case of reciprocating pumps by multi
plying the pet area of the plunger in sq. ins., the so called total head in lbs. 
per sq. in. by the length of the stroke in feet, and the total number of 
single strokes during the trial; finally allowing for the percentage of leakage 
of the pump. In cases when the water delivered is determined by weir or 
other measurement, the work done is found by multiplying the weight ol 
water discharged during the trial by the total head in feet.
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C H A PT E R  18

Air and Vacuum Chambers

Those who have had experience in designing pum ps found out 
early in their careers th a t  water is an  unyielding substance m ak
ing it necessary th a t  pum ps, especially fast running recipro
cating types, be of very substantial construction to  w ithstand 
hydraulic shocks and th a t  cushioning chambers should be pro
vided to soften these shocks. These shocks are generally called 
"water hammer.” Usually an  air chamber is provided and some
times a vacuum cham ber in addition.

1. Air Chambers
Ques. Where is an air chamber placed on a pump?

dns. On the  discharge side of the discharge valve.

Ques. W hat is the  usual shape of an air chamber?

Ans. I t  is shaped like a cone.

Ques. How is it connected?

Ans. Vertically with the  neck or small end (which has the 
opening) down.
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Ques. W hy is it connected in this way?

A ns. To reduce the surface area of the w ater in contact with 
the air.

Ques. W hy should the contact surface of the water be re
duced?

A ns. To obtain the minimum am ount of absorption of the 
air by the  water.

A IR  CHAMBER

ADMISSION DISCHARGE

Fig. 1.—Elementary pump showing placement of the air chamber.

Ques. W hat is the  result of this air absorption?

A n s . The air chamber gradually fills up with water and is 
rendered ineffective in cushioning shocks.

Ques. How does an air cham ber work?

.4ns. Fig. 1 shows an elem entary pum p with air chamber.

COMPRESS'D 
AIR CUSHtl
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The water being under pressure in the discharge chamber compresses the
air in the air chamber during each discharge stroke of the water piston.

Ques. W hat happens a t  the  end of the  stroke?

Ans. When the  piston m om entarily stops a t the end of the 
stroke and during the  re tu rn  stroke, the  air expands to  a  certain 
extent and tends to  produce a gradual stopping of th e  flow of 
water, thus perm itting the valves to  seat easily and without 
shock.

Ques. W hat trouble is experienced w ith air chambers?

Ans. They are a useless ad junct unless provided w ith some 
device to keep them  full of air.

Above 300 lbs. pressure water absorbs air so rapidly th a t a positive air
charging device must be used.

Ques. How m ay the  air cham ber be supplied w ith air w ith
out installing an air pum p?

Ans. Connect a small air pe t cock to  the  admission line close 
to the pump.

Ques. How does i t  work?

Ans. By slightly opening the pe t cock a small am ount of air 
Noy be admitted to  the  pum p w ith the  w ater and th e  a ir cham 
ber kept supplied w ith enough additional a ir to  m ake up  the 

Joss by absorption. This m ethod is shown in figs. 8 and 9. 
During the admission stroke m ake up  air comes in  through the 
air cock and subsequently during th e  discharge stroke the m ake 
UP air previously draw n into the  cylinder is discharged and 
Passes into the air cham ber.
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AIR INTAKE C Y C L E
ADMISSION STROKE

M A K E  UP  A I R

discharge stroke

A IR  ENTERING  
A IR  CHAM BER

® —How “ make up air”  is supplied to the air chamber by meansor small <-’ ' . . .I air cock connected to the intake pipe.

MAKE UP AIR COMING IN
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Q ues. W hat is the proper size for air chambers?

A n s . For ordinary boiler feed and service pum p the voluiK 
of the air cham ber should be from two to  three tim es the pisto 
displacement for a single cylinder pum p and from one to t«o 
tim es the displacement for a  duplex pum p.

I f  the piston speed be unusually high as in the case of fire pumps, thes
chamber should have a volume equal to about six times the displacement

2. Vacuum Chambers
Sometimes a vacuum  chamber is a ttached  to  the admissfe 

line especially if the  line be long and the resistance to the ft1 
of the w ater be considerable. W hen th e  column of water it 
the admission line is once set in  m otion, i t  is quite imports 
especially under high speeds and long in take lines to  keep ti* 
w ater in full m otion, and when i t  is stopped to  stop it gradu
ally. This is accomplished by means of a vacuum chamber 
placed in  the  inlet line.

Ques. W hat is the action of a vacuum  chamber?

A n s . I t  is practically the reverse of th a t  of the air chamber

Ques. Specifically w hat does the vacuum  chamber accom
plish?

A n s . I t  facilitates changing continuous m otion into inter
m itten t motion.

Ques. Describe its action.

A n s . The moving column of w ater compresses the air in th 
vacuum  cham ber a t the  end of the  pum p stroke and when &



Air and Vacuum Chambers 463

piston starts, the  air expands (thus creating a  partial vacuum) 
which aids the piston in setting  the  column of w ater in m otion 
again.

Fig 10 shows the best arrangement of the vacuum chamber. I t  should, 
for best results, be virtually a continuation of the intake pipe.

VACUUM CHAMBER

Ques. Describe the operation of the  vacuum  chamber w ith . 
reference to  figs. 11 and 12.

4ns. Its  aim is to  keep the  w ater in the  in take pipe in con
stant motion, th a t  is, w ithout stopping or reversing.
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In fig. 11 the piston moving on the up stroke is drawing water into the 
cylinder. During this operation the vacuum in the vacuum chamber is at 
its highest and has brought the receding column of water to rest at some 
point as A .

Ques. W hat happens on the down or discharge stroke?

Ans. As soon as the  plunger s ta rts  moving downward the 
inlet valve slams shu t, closing the p a th  of the w ater flowing into 
the cylinder. Since i t  is impossible to  instan tly  stop the  flow 
of the column of w ater because of its kinetic energy, o r , be tter 
expressed, dynamic inertia, th e  w ater continues its m otion in 
the inlet pipe and the only pa th  offered is into the vacuum  cham 
ber as shown in fig. 12.

Ques. W hat happens as the w ater rushes into the vacuum  
chamber?

4ns. Since it reduces the air space it is opposed by increasing 
pressure. T ha t is the  high vacuum  or low absolute pressure a t 
low level A (fig. 11) increases to  low vacuum  and perhaps pres
sure above atm osphere when the  column is brought to  rest a t
say point B (fig. 12).

Ques. W hat size vacuum  chamber should be provided?

Ans. Its volume should be about twice the  piston displace
ment.

Ques. To further explain vacuum  cham ber action, give an 
analogy.

Ans. Consider a  tube to  represent the  walls of a vacuum  
chamber. Place a piston inside the tube attached  to  an an
chored spring as in fig. 13.
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Ques. W hat condition does fig. 13 represent?

Ans. Since the  spring is in its natural position, no up or down 
force is acting on the  piston. This in analogy represents the 
condition within a vacuum  cham ber a t  some interm ediate point 
of the stroke when there is neither vacuum  nor pressure within 
the chamber* as indicated by the  gauge.

Ques. In  analogy w hat happens during the up stroke?

in s . In fig. 14 suppose the piston be pulled down to  some 
position as A. The spring will resist th is force w ith an  equal 
upward force. This corresponds to  the conditions in fig. 11 
where the inrush of w ater into the  cylinder has caused the 
water level to  drop in the vacuum  chamber to  same point A, 
causing a high vacuum  which causes atm ospheric pressure to 
act upward bringing the w ater to  rest a t  A. In  fig. 14 this action 
is represented by the  extended spring.

Ques. In analogy w hat happens during the down or discharge 
stroke?

4ns. In fig. 15 suppose the piston to  be pushed up to  some 
Position B. The spring will resist th is force w ith an equal 
downward force. This corresponds to  the condition in fig. 12, 
where the sudden closing of the  inlet valve causes the w ater to  
flow into the vacuum  chamber by  virtue of its dynam ic inertia, 
meeting a constantly increasing opposing pressure as its flow 
reduces the air space. Position B, of the  piston in fig. 15, cor
responds to water level B in fig. 12.

•NOTE.-—The term pressure is here used as gauge pressure or pressure above 
oi the atmosphere as distinguished from vacuum or pressure below that of the 

atmosphere.
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Air Pumps and Jet Condensers
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S team  Condensed per H our 
2 0 ' Vacuum , 3 0 ' B arom eter

G allons per Minute 
Cooling W ater Requit«

Tem p. Cooling W ater Tem p. Cooling Watet

50° O o o 70° S0° 50° 60° 70° 80’

4 jx  5x 8 100 68 S40 740 630 500 31 32 34 36
4}x 6x 8 100 98 1200 ■ 1070 910 730 43 46 49 53
5 x  6x10 100 122 1500 1330 1130 910 54 5S 61 65
5 x  7x10 100 166 2050 1S10 1540 1230 73 78 83 S3
GJx SxlO 100 217 2700 2380 2000 1610 98 103 10S 116

OJx 9x10 10O 275 3400 3000 2550 2040 122 130 13S 14S
6J x l0x l 0 100 340 4200 3700 3160 2530 152 160 170 1S2
8 x l 0x l 2 100 408 5050 4450 3S00 3000 180 192 205 217
8 x l 2x l 2 100 5S7 7250 6400 5450 4350 260 275 290 315
8 x l 2x l 6 75 587 7250 6400 5450 4350 260 275 290 315
10x14x16 75 SOO 10000 8750 7400 5950 360 375 400 430
10x16x16 75 1044 13000 11400 9750 7S00 470 495 525 560
12x16x20 60 1044 13000 11400 9750 7800 470 495 525 560

12xlSx20 60 1322 16400 14400 12300 9S00 590 625 670 710

14x20x24 50 1632 20000 17700 15000 12000 720 765 S10 870
14x22x24 50 1974 24400 21500 18300 ■ 14600 880 930 970 1060
14x24x24 50 2350 29200 25000 21700 17400 1050 1100 1170 1250
16x26x24 50 2758 34000 30000 25500 20300 1230 1300 1380 1470
16x2Sx24 50 3199 40000 35400 30000 23S00 1440 1500 1620 1720
16x30x24 50 3672 45500 40000 34000 27300 1640 1720 1840 1970
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C H A PT E R  19

Power Pumps
The term power pum p, by universal usage, has come to  

mean: A reciprocating pum p driven by any external prime mover, 
os distinguished from a direct connected reciprocating pum p.

Briefly any reciprocating pump having a shaft to which the power is ap
plied externally either by belt, by toothed gears or a combination of the two ele
ments of power transmission. This does not include, by common usage, the 
centrifugal pump which usually receives its power from an external source, 
the same as a power pump.

A power pum p differs from a direct connected steam  pum p 
many of its operating characteristics.

These differences should be clearly understood as often a power pump 
replacing a steam pump does not give complete satisfaction until the user 
becomes educated to the requirements for satisfactory power pump oper
ation.

Ques. W hat is the characteristic (in m ost cases) of a power 
pump?

Ans. As usually hooked up to  the  power source, it  is a con
stant speed machine, regardless of the fluctuations in load.*

*N0TE.—An exception is the direct connected marine pump whose speed is 
governed by the marine engine. In such marine installations, there are usually 
wo pumps: 1, boiler feed, and 2, air pump, both of which supply the needed
Mput- demanded by the speed of the engine-

in
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Ques. W hat precaution should be taken  in determining the 
speed a t which a power pum p should run?

,4ns. A power pum p, especially when driven from a line shaft 
or o ther constant speed source, does not have the  capacity flea- 
bility as a  steam  pum p and accordingly more care m ust be taken 
to  insure th a t  the power pum p speed is correct for the condi
tions to  be m et.

If the capacity conditions be variable, a power pump operated from a 
constant speed source should not be used.

F ig . 1.—Single acting plunger water end with side valves cast separate. The valves 
are for 500 lb. pressure, drop forged steel wing type.

Q ues. Give a comparison w ith a steam  pum p for variable 
operating conditions.

A ns. If the intake pipe be too long or too small, or if a ^  
supply of w ater be not always available, a  steam  pump c® 
readily be slowed down until its  capacity is equal to  the maxi
m um  am ount of w ater which can be handled through the in
take line. A power pum p under similar conditions must run 
along a t full speed, b u t only partially  filling.



p ,

Ques. W hat is the result?

/Ins. A pump only partially  filling will operate w ith severe 
pounding and possible eventual breakage.

Ques. W hat happens in the case of excess pressure, compar
ing steam and power pumps?

Ans. Under such conditions, as m ay happen w ith a  closed or 
partially closed valve on the  discharge line, the  steam  pum p 
automatically slows down and often stalls if the  pressure be
comes high enough. U nder the  same conditions the  power 
pump keeps running a t  full speed until something breaks.

Ques. W hat protection should be provided in the case of a 
Power pump?

dns. A relief valve should be placed on the discharge line. 

This functions the same as a safety valve on a boiler.

Power Pump Classification.—These pum ps m ay be classi
fied:

h With respect to  the  working cycle, as:

a- Single acting

b. Double acting.
l i t  '

i  ■ ■ - ' -7': ■
2. With respect to  the num ber of cylinders, as:

a. Simplex

b. Duplex 

c- Triplex

Quadruplex, etc.

Pow er Pum ps  471
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3. W ith respect to  the position of the cylinders, as:
a. Horizontal
b. Vertical

4. W ith respect to  the pumping element, as:
a. Piston
b. Plunger

5. W ith respect to  the stuffing box, as:
a. Inside packed
b. Outside packed

6. W ith respect to  the valve, as:
a. Single
b. Multi
c. Bucket
d. Pot
e. Ball

7. W ith respect to  the valve arrangem ent, as:
a. Single deck
b. Double deck
c. Side deck

8. W ith respect to  pressure as:
a . Low
b. Medium
c. High
d. Hydraulic (super high)
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9. With respect to  the velocity reduction of the  drive, as:

a. Single reduction
b. Double reduction
c. Multi-reduction

— '̂n9ie acting plunger power pump water end with pot valves for 1,000 
lbs. working pressure. Each inlet and each discharge valve is contained in a pot, 
feadily accessible by removing a cover plate. Inlet and discharge valve chests 
ore cast integral with the liquid cylinders and the lower half of the frame. The 
upper half of the frame contains the power end parts, as illustrated. The uppei 
Qnd lower sections are doweled and bolted together. This construction is as 
strong as a one-piece frame, and on these large size pumps, it permits easy 
separation for major repairs or transportation. Drop forged steel wing valves.

10. With respect to  the type of transm ission, as:

a. Belt
b. Spur gear
c. Helical gear 

Worm gear
c. Combined silent chain and tooth gear 
$■ Combined belt and tooth gear
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11. W ith respect to  the type of prime mover, as:

a. Steam
b. Internal combustion engine
c. Electric motor
d. Hydraulic

Fig. 3.—Simplex single acting plunger pump. 
Fig . 4 .— Simplex double acting piston pump.

12. W ith respect to  housing, as:

a. Open
b. Enclosed (self-oiling)
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Power Pump Types and W ater Flow.—The power pump is 
inherently a multi-cylinder machine to secure a flow of water 
approaching uniform delivery instead of spasmodic discharge. 
The stresses coming on the transmission are not so heavy.

There are three types in general use:

>• Single cylinder or Simplex { 

T Duplex isj ngi(racting[double acting

3- Triplex
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Ques. Describe the single cylinder power pum p.
4  n s . I t  consists of one crank which operates one single act

ing plunger or a double acting piston, as indicated in figs. 2 
and 4.

Ques. Describe a duplex power pum p.
A n s . I t  consists of two cranks a t  90°, operating two double

DUPLEX
(DOUBLE ACTING)

3

o Ü

o o
\ ...............-

FOUR SINGLE ACTING 
_  PLUNGERS

{
o

o

o

o

—

Fig. 6.— Duplex double acting (four single plunger) outside packed pk 
pump.

acting pistons or the  hydraulic equivalent—4 single acff 
plungers, as shown in figs. 5 and 6.

Q ues. Describe the  triplex power pum p.
A n s . I t  consists of three cranks a t  120° operating three sicf 

acting plungers or sometimes three double acting pistons, < 
shown in figs. 7 and 8.



T
R

I
P

 
L

E
X

(S
IN

G
L

E
 

A
C

T
IN

G
)

Pow er Pum ps  477



T
R

IP
L

E
X

478 Pow er Pum ps

ri
p
lo

x
 

d
o
u
b
lo

 
a
c
ti
n
g
 

p
is

ta
n
 

p
u
m

p
. 

C
ta

n
k
s
 

a
t 

1 
2

0
°
.



Pow er Pum ps 479

ACCELERATING y  RETARDING y
PERIOD PERIOD

f'9. 9.—Diagram illustrating harmonic motion.

That is, the connecting rod crank p in  drive converts the uniform  
or constant rotary motion of the crank p in  into (approximate) 
harmonic reciprocating motion received by the piston or plunger.

Ques. W hat is harmonic motion?

An$. A motion communicated from a ro tating pin and Scotch 
yoke, which varies as the sine of the angle turned through .

If in fig. 9 a point A, as indicated by the arrow, travel around the circum
ference of a circle with uniform velocity and another point B, travel across

Ques. W hat are the characteristics with respect to  water 
flow of the three types.

Ans. This can be best understood by  a study  of flow curves.

Harmonic M otion.—The piston or plunger of a power pum p 
which is operated by a connecting rod and crank is given a 
(distorted) harmonic motion.
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the diameter a t the same time a t such variable velocity th a t it is always Et 
a point where a perpendicular le t fall from A, would meet the diameter, tbs 
point B, would be said to have harmonic motion.

The velocity of B, will increase from zero a t the starting point C, till it 
reaches the center O ,  and from tha t point its velocity will decrease tor® 
when it reaches D, the end of its travel.

Ques. Does the piston or plunger of a power pump travel 
with strictly  harm onic motion?

A n s. No.

Ques. Why?

A n s. I t  is because of the  distortions introduced by tke 
“angularity  (or obliquity) of the  connecting ro d .”

Q ues. Describe the distortions due to  the  angularity of tb 
connecting rod.

A n s . S tarting  a t  the  beginning of the forward stroke, theffi- 
clination or angularity  of the connecting rod w ith respect tothe 
cylinder axis, causes the piston to  move somewhat more tfe> 
half its stroke, while th e  crank pin is moving the  first quarts 
of its revolution, somewhat less th an  half stroke during tfe 
second and th ird  quarters, and again somewhat more thanpl 
stroke during the fourth or last quarter of the revolution.

This is illustrated in fig. 10. In the diagram the piston is not sl<>*’ 
since its position with respect to  the stroke corresponds exactly to that" 
the wrist pin C. The connecting rod is shown in two positions CRj® 
C 'R ' such th a t the crank pin has traveled equal distances AR, and BK 
from the dead centers (ends of stroke positions).

The piston positions are indicated by C and C ', the piston havfi 
traveled on the forward stroke the distance M , and on the return stroke ts 
distance S. For equal crank pin travel from each end of the stroke,
thus seen th a t the piston, or plunger, travels f u r t h e r  o n  t h e  f o r w a r d  str®
than on the return stroke.
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Were it not for the angularity of the connecting rod, the piston would 
travel the equal distances M ' and S '. The connecting rod then increases 
the piston travel by a distance NC, on the forward stroke, and diminishes 
it by a distance N 'C ', on the return stroke.

Ques. On w hat does the  am ount of the distortion due to  
the angularity of the connecting rod depend?

dns. Upon the ratio  of the length of the  connecting rod 
to the length of the c ran k .

r’ Diagram showing effect of the angularity of the connecting rod. 
lh°r eCj  crank Pin movement from each end of the stroke, the angularity of 

f f°n causes the piston to travel further on the forward stroke, than on the 
'eturn stroke.

Ques. Should the  angularity  of the connecting rod be 
considered in explaining flow characteristics of power pum ps, 

| and why? .

Ans. No. For sim plicity it  is best disregarded.

The Harmonic Flow Curves.— These curves represent the 
variable flow of power pum ps, neglecting the angularity of the 
connecting rods.
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Fig. 11. — Flow curve for simplex single acting pump showing Pr0? resSjVj-PjJJig 
position. Here admission is plotted above the horizontal axis and dis n 
in order to more clearly show the plunger positions for both strokes, 
is the reverse of the method usually employed.

ACTING S IM P LEX
(n o  s e q u e n c e )

H A R M O N I C  CURVE
■ ADMISSION

SINGLE

CRANK PIN POSITIONS
2

Ld~
I

<f tooo
H  s 
z l

FULL STROKE
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Curve for Simplex Single Acting Pum ps.—To illustrate how 
they are generated, the  construction of a  single curve for a 
single acting one cylinder pum p is shown in fig. 11.

First describe a  circle whose diam eter equals the  length of 
the stroke and lay off any num ber of crank positions as 1, 2,
3, etc.

Here eight positions are taken for one revolution, so th a t crank position 
1, corresponds to 45°, crank position 2; 90°, etc.

Through the center of circle draw  a straight line and rectify 
the crank positions on th is line by points 1, 2, 3, e tc ., corre
sponding to crank positions 45°, 90°, 120°, etc.

At these points erect perpendiculars and through the crank positions on 
the circle draw lines parallel with the horizontal axis. The intersections 
a.b.c., etc., of these parallels and perpendiculars will be points on the har
monic curve.

That part of the  curve above th e  horizontal axis will corre
spond to the admission stroke and th a t  p a rt below the  axis 
to the discharge stroke.

By extending the  perpendiculars a t  the  various stations 
downward will give positions of the plunger 1 ', 2 ', 3 ',  e tc . corre
sponding to positions (1, 2, 3, etc.) of the  crank pin.

Note that the positions of the plunger (shown in horizontal position) are ■ 
referred to the vertical axis as defining the beginning of the stroke.

This is the reverse of the usual way of drawing these curves, but in this 
rase, they are drawn so th a t plunger positions for different points of the 
curves are more directly and plainly shown.* The diagram fig. 12 shows the 
order in which the curves are drawn.

Curves for Simplex Double Acting Pum ps.— In  th is pum p 
two operations are going on a t the same tim e, th a t  is, admission 
is taking place in unison w ith discharge. However, there is a

NOTE.—It should be understood that the curves may be drawn with admission 
®ner above or below the horizontal axis, depending upon which is the more direct

respect to piston or plunger movements.

I  ■ .
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SEQUENCE 180

ADM ISSIONADM ISSIO N

D ISCH A RG EDISCHARGE

The operations taking place a t the same time on both sides of the piston 
are shown graphically for the 90° and 270° positions. Here the piston is in

DOUBLE A C T IN G  S I M P L E X
PISTON SID E A

PISTON SIDE B PISTON SIDE A

f'3-13.—Flow curves for simplex double acting piston pump. This type is 
equivalent to a duplex single acting plunger pump with cranks at 180°.

the same material position, the only difference is th a t it is moving in oppo
site directions as indicated by the arrows.

Ques. W hat o ther type pum p would the flow curves of 
%• 13 apply?

Now since the  sequence is 180° curve ODAM  taken  a t a 
phase difference of 180° will represent the  operations taking 
place on the B, side of the piston.
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S IN G L E  A C T IN G  D U P L E X
SEQUENCE 180°

DISCHARGE

admission

Fig. 14 .-—Flow curves of single acting plunger with cranks at 180°. ® 
duplex pump is the equivalent of the simplex double acting pump shovifl 
in fig. 1 3.



Pow er Pum ps 487

Ans. To a duplex single acting pump with cranks at 180°. 

Ques. Why?
Ans. Because hydraulically it is virtually the equivalent 

of a double acting simplex pump.
The curves, fig. 13, serve for both pumps, but the notation should be 

modified as in fig. 14.

Duplex D ouble Acting; the R esu ltan t F low .—With the 
single acting duplex (fig. 14) the admission part of each curve 
gives the variation in flow through the discharge pipe, since 
there is no overlapping cycles.

However, in the duplex double acting pump with a phase 
difference of 90° (that is to say, with cranks at 90°) the in
dividual curves do not indicate the actual flow in the discharge 
pipe, hence, a summation of the curves is necessary and this 
is called the resultant flow curve as in fig. 15.

In the diagrams for the duplex double acting and other 
Pumps the curves will be shown by the usual method, that is 
discharge above and admission below a line whose position 
with respect to other parallels represents atmospheric pressure, 
as in fig. 1 5 .

hi construction, lay off the horizontal flow lines and the verticals in
dicating fractional parts of the revolutions as 0°, 90°, 180°, etc.

At the left describe a semi-circle and draw two 45° radii as shown, which 
is sufficient to lay off the height of the sign for each 45° over the whole 
revolution or 360°.

In laying off the verticals it is convenient to  let 8 in . represent 360° then 
each inch along any horizontal =  45°.

In the duplex pump double acting there will be four curves, 
0ne pair for each cylinder; call them curves A and B (full) for
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cylinder No. 1, and curves C and D (dotted) for cylinder 
No. 2.

Construct curve A, in the usual way, the first 180° showing discharge 
and from 180° to 360° admission. .

Now for the other side of the double acting No. 1 piston construct curve 
B, with phase difference of 180“, th a t is discharge for curve B, will begin 
180° later than for curve A.

Now for No. 2 piston, curve C, will begin discharge 90° after curve A be
gins the discharge period.

For the other side of the double acting No. 2 piston, construct curve D 
with phase difference 180° later than curve C.

Briefly the beginning of discharge for the four curves is as 
follows:

Curve B eginning  o f  discharge
A 1 0°
B 180°
C 90°
D 270°

The resultant flow is obtained by adding the ordinates 
of any two curves discharging at the same time. Plotting 
these additions for 90°, 180°, etc. will give points on the 
resultant flow curve. Thus,

Position P istons A cting R e su lta n t
At 0° One OR

45° Both 2 ab =  aE
90° One I S

135° Both 2 cd = cU
180° One 2 L
225° Both 2 ef =  eT
270° One 3 A
315° Both 2 gh = gN
360° One 4 T
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Ques. What is the characteristic of this type pump?
Ans. There are four points of minimum flow and four of 

maximum flow, the velocity increasing from minimum to 
maximum and back to minimum every 90°.

Triplex Single Acting Pum p.—This is a three cylinder 
plunger pump in which the plungers are operated by cranks 
at 120° apart. That is, each cylinder begins the discharge 
120° or yfi of a revolution after the preceding cylinder.

Since the points of maximum flow are not as great and the 
Points of minimum flow not as low as with duplex double 
acting pumps, the flow is nearer uniform. This is clearly 
seen by comparing the flow diagrams for the two pumps, figs. 
15 and 16. The flow diagram for the triplex single acting as 
shown in fig. 16 is constructed in a manner similar to the 
preceding diagrams.

In fig. 16 note that the plunger sequence is 120° or 60° 
before the preceding plunger finishes its discharge stroke.

(i Water Ends.—In construction of the water end on the 
Pump itself” the practice is similar to the direct connected 

reciprocating type; however, in most instances the pump is ver- 
tical. The pumping element may be either:

1- Piston, or
2- Plunger
3- Single acting
4. Double acting.
However, in the multi-cylinder pump, single acting plungers 

afe usually provided.
Various types of valves are used, such as disc, bronze, ring, 

guided, etc., depending upon the service.
Pigs. 17 and 18 show two designs of single valve, single 

acting plunger pump.
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with single side valves and chambertFig. 17 .—Single acting plunger pump 
cast integral.

Fig. 18.—S ingle acting plunger pump unit with double deck valve chambe 
cast separately.
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Fig. 22 shows side pot type cylinder with details of all metal 
wing valve assembly and fibre faced wing valve assembly.

The parts are as follows:

Crank End

201 253 253  201 223

Fig. 20.— Crank end of horizontal duplex double acting piston pump. 
page 496 for list of parts.
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W ater End

M  Metal W ing  Valve A n e m b ly

01187

011882E6
^ rf Faced W in g  Valve A itc m b ly  ____

^  Q n d  2 2 .— W a t e r  e n d  o f  h o r iz o n ta l d u p le x  d o u b le  a c t in g  p isto n  pum p . 
Page 4 9 6  fo r lis t  o f  p a rts .

01187-A
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LIST OF PA R T S
Horizontal Duplex Double Acting Piston Pumps 

See Pages 494 and 495.

Plate and Cover Type Cylinder
01187-A-B

2. P um p Cylinder. 88. False H ead.
10. P um p Cylinder Removable Liner. 89. C rank Gear.
11. Piston Rod. 90. Pum p Pinion G ear.
14. P um p Cylinder H ead. 91. Pinion S haft.
15. Valve P late. 93. Valve Stem.
16. Valve Chest Cover. 94. Valve G uard.
18. Fram e. 201. Crank S h a ft B earing.
25. P um p Piston H ead. .216. L iner S ecuring  Stud.
26. P um p Piston Follower. 217. L iner Securing Stud N ut.
27. F ibrous Packing. 218. F ram e Cover.
28. Inner Pack ing  R in g  (M eta l). 219. Piston R od Oil Flange.
28A. O uter P ack ing  R in g  (M eta l). 220. Pinion S h a ft B earing  Housing.
29. P iston  Rod Gland. 220A. Pinion S h a ft B earing  H ousing (Pulley
50. Valve Seat. 222. Pinion S h a ft B earing  H ousing Cover.
51. Valve S pring . 223. Crank S h a ft B earing  Housing.
52. Valve. 225. P u m p  Cylinder F o o t
72. Piston Rod N ut. 234. Pinion S h a ft Bearing.
77. Cross H ead. 247. Pinion S h a ft Oil Seal.
78. Cross H ead P in. 253. Crank T h ru s t R ing.
79. Cross H ead Brass. 254.. Pinion S h a ft T h ru s t R ing .
80. Crank S haft. 255. Pinion B earing  O uter Race Lock Ring*
82. Crank Brass. 262. Connecting Rod Cap Bolts.
85. Connecting Rod.. 264. Cradle H ead G asket (C opper).

Side P ot Type Cylinder
01188

2. P um p Cylinder. 72. P iston  Rod N ut.
10. P um p Cylinder Removable Liner. 98. Valve P o t Cover.
14. P um p C ylinder H ead. 216. L iner Securing S tud .
25. P um p Piston Head. 217. L iner Securing  S tud  N u t
26. P um p Piston Follower. 225. Pum p C ylinder Foot.
28. Inner Pack ing  R in g  (M eta l). 264. Cradle H ead Gasket.
28A. O uter P ack ing  R in g  (M eta l). 265. Valve Stem and W asher.
50. Valve Seat. 266. Valve W in g  Guide.
51. Valve S p ring . 267. Valve Stem Lock W asher.
52. Valve. 268. Valve Stem Lock Nut.
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j  —Various forms of drive for power pumps. A , belt single
reduction/ B , combined belt and toothed gear double reduction; C , toothed 
SJear, double reduction; D, chain single reduction.

The Transm ission.— B y  defin ition , a transm ission is the 
assembly of any form  of gearing or mechanism by which power is 
Iransmilted from the prime mover to the ivater end of the pum p.

There are numerous types of gear used such as belts, tooth gears and a 
combination of the two. The essentials of these various gears or transmis
sions are shown in figs. 23 to 26.
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An example of direct belt drive (indicated in fig. 23) is shown 
in fig. 27, Deing one of a line of power pumps designed by the 
author some years ago for City Water Works.

This design employs a  flat belt but the tendency of later practice £ 
smaller units, is to  use multi V belts as in fig. 28.

The multi V belt transmission is especially adapted for short center drive
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In place of belts, toothed gears or a combination of belt and 
gears are frequently used.

Fig. 29 shows a vertical single acting triplex pump with open toothed gears 
operated by pulley and belt, the shaft projecting a t the left to  receive the 
pulley. .Note tha t this design is the open type.

Another type known as the closed type has the power end 
totally enclosed, the same as a gas engine crank case.

^9. 28.— Multi V  belt drive.
•

The object of this construction is to  make the transmission gears and all 
bearings dust proof and to  provide automatic “oil bath” lubrication, thus 
adding life to the pump and reducing attention.

Fig. 30 shows the construction of a closed water end. This is the same 
Pump shown in part in figs. 31 and 32.

In the closed type pump since all the working parts are completely en
closed, they are arranged to operate in a flood of oil which insures complete 
lubrication of all parts .
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Fig. 30.— Horizontal duplex double acting enclosed type pump. Sectiond 
view showing lubrication system.
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Fig. 31. —End view showing interior of enclosed crank case of horizontal 
duplex double acting pump.

Fig. 32.—Main gear and bearings removed from the crank case of fig. 31.
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Ques. Name an advantage of belt or tooth gear transmission
Ans. The pump and prime mover, may be run at their raoi! 

satisfactory speeds.
Simply by selecting the right size pulley the prime mover may be runs 

fast as desired and the pump a t relatively slow speed.



Air Pum ps 503

CHAPTER 20

Air Pum ps
(So Called Vacuum Pumps)

In the first place, there is no such thing as a vacuum pump 
and the word vacuum should never be used for air pump.

Manufacturers who know perfectly well that the term 
vacuum pump is incorrect, frequently are forced to use it, 
even in print, because if they didn’t many of their customers 
wouldn’t know what they were talking about.

Ques. Why shouldn’t an air pump be called a vacuum pumpr
Ans. Because no pump can “pump a vacuum.”

Ques. What does the pump do?
Ans. The pump in operation pumps out most of the air (or 

other gas) from an enclosed space resulting in a partial vacuum.

Ques. What is this vacuum ordinarily called?
Ans. A vacuum regardless of its pressure.

Ques. Why does the air pump not extract all the air and 
obtain a perfect vacuum?
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Ans. That is a condition regarded as practically impossible 
in nature.

In the receiver of the ordinary air pump the vacuum can only be partial
since with each stroke of the piston only a certain fraction of the air is
removed (depending upon the relative size of the cylinder and the receiver)
and hence, theoretically, an infinite number of strokes would be necessary.

Q u es. Amplify the reason for not obtaining a perfect 
vacuum.

Ans. Practically the degree of exhaustion obtained falls 
short owing to the imperfections of the machine. Thus, 
in the common form, the exhaustion is limited to the point 
where the remaining air has not sufficient elasticity to raise 
the valves.

Q u es. How is the nearest approach to a perfect vacuum 
obtained?

Ans. By chemical means, using a chemical to absorb the 
last traces of gas left being exhausted by a mercury air pump-

Q u es. Give a general definition for a partial vacuum.
A n s . An enclosed space in which the pressure is less than 

that of the atmosphere and greater than absolute zero.

Q u es. How does the pressure of the atmosphere vary with 
elevation?

Ans. It decreases approximately lb. for each 1,000 ft- 
of ascent.

NOTE .— Torcellian vacuum: The space above the mercury in a carefully mampJ" 
lated barometer tube. It is practically perfect, but the space contains a sniau 
amount of the vapor of mercury.
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At sea level the pressure of the atmosphere is ordinarily 14.7 lbs. per 
sq. in., measured above absolute zero, th a t is, the zero pressure of a 
perfect vacuum. The atmospheric pressure gradually decreases with 
increasing elevation. For instance, a t M mile above sea level it is 14.02 
lbs.; at Yi mile, 13.33; a t %/ i  mile, 12.66; a t 1 mile, 12.02; a t  1J4 miles, 
11.42, a t 1 Yi miles, 10.88, and a t 2 miles, 9.8 lbs. per sq. in.

Ques. Does atmospheric pressure vary at any given point 
and why?

4ns. It varies continually being influenced by weather 
conditions.

F'9s- 1 to 3.—How to make a "mercury”  column and to measure the pressure 
°* the atmosphere with the column.

To measure the pressure of the atmosphere take a  glass tube about 
three feet long, closed a t one end, and fill it with mercury as in fig. 1. Close 
the open end with the thumb to prevent premature escape, and invert it as 
m fig. 2. Now place the open end in a cup of mercury as in fig. 3.

Ques. What happens when the thumb is removed from the 
°Pen end?
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Ans. The mercury inside the glass tube will recede from 
the closed end of the tube until the column stands approxi
mately 30 ins. above the level of the mercury in the cup, the 
exact height depending upon the pressure of the atmosphere.

Since a cu. in. of mercury weighs .4916 lb. the pressure of the atmosphere 
when the mercury stands 30 ins. high is

.4916 X 30 = 14.748 lbs. per sq. in.

Figs. 4 fo 7.—The meaning of a '24-in. vacuum1 deferred to a 30-in. barom
eter."

Ques. If the end of glass tube (fig. 3) or barometer, instead 
of being closed, be connected by tube with the inside of a 
condenser, what happens?

hns. The mercury will fall in the tube until its height 
indicates the difference between the atmospheric pressure and 
the pressure in the condenser.

Thus, in fig. 5, the barometer O, which registers the pressure of the 
atmosphere stands a t 30 ins. If a similar barometer H , fig. 4, have its 
upper end connected to a condenser in which is a  24 in. vacuum, on opening 
the valve M ,  the mercury will rise in the tube to a height of 24 i n s .  or 6 ins. 
less than the height of the barometer O.
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Ques. What does this 6 ins. difference between the readings 
of the barometers represent? 

Ans. The absolute pressure in the condenser.
That is,
absolute pressure in condenser =  6 X .49116 =  2.95 lbs. per sq. in.

Ques. What does the 24 in. vacuum in the condenser repre
sent? 

Ans. The difference between atmospheric pressure and the 
absolute pressure (2.95 lbs.) in the condenser.

That is, 24 in. vacuum in condenser
=  14.75 — 2.95 =  11.8 lbs. per sq. in.

Ques. In figs. 4 and 5, to what is the 24 in. vacuum in the 
condenser referred? 

'Ihs. Referred to a 30 in. barometer. 

Ques. 'What happens if the 30 in. reading change? 
Ans. The condenser reading will also change.
. Evidently the conditions of 24 in. vacuum with 6 ins. back pressure 
¡J1 the condenser can only exist when the barometer O, fig. 5, stands at 
30 ins., that is

vacuum +  condenser pressure =  atmospheric pressure 
24 +  6 =  30

Accordingly, the 24 in. vacuum in the condenser is said to  be “ referred  
lo o 30 in. barometer” because with the constant condenser pressure of 6 ins. 
the column of mercury H (fig. 4) will only remain a t 24 ins. as long as the 
tonometer O (fig. 5) reads 30 ins. varying the height with O, being always 
“ ins. less than O.

Ques. If the barometer drop to say 20 ins. (fig. 7) as at 
'erY high elevation, how would this affect the condenser 
vacuum?
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Ans. The vacuum in the condenser would also drop to 20-6 
= 14 ins. as at H ' fig. 6.

Q u es. If the barometer were to fall from say 30 ins. to® 
ins. how would this affect condensing engine operation?

•4/ts. Considerably less work would be done below atmos
pheric pressure as indicated by the shaded area S , fig. 10. 
which is much smaller than the area M, fig. 9.

INS. 
3 0  -
2855-
27.09-
2 5 . 7 8 -

22.11-

19.92-

S E A

Vl

I 'h

LEVEL
MILE
MILE
M I L E

M I L E
MILE

M I L E 5

SB .811 M

IBS- 
—|MS
H4 J# 
-1333 
-11 66  

-I2Ü  
— I0Ü

 9.1

5 E A  L E V 8 L  & M I L E  ^ . M I L E  % M I L E  I M I L E  M IL E S  2 M |Lt5

Fig. 8.— Readings of the barometer in ins. of mercury with equivalents in lb 
per sq. in. for different elevations.

Q u es. How would similar conditions affect the operation 
of a direct connected non-condensing steam pump?

Ans. It would act to increase the power of the pump.

Q u es. Why?
Ans. When the valve opens to exhaust on the return stroke 

there is less back pressure.
T hat is, the power developed is proportional to  the mean effective pr# 

sure, which Is equal to the mean forward pressure minus the mean I»0 
pressure.
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.ATM OSPHERIC '

Figs. 11 and 12 are two indicator cards representing a pump working 
non-condensing with barometer a t 30 ins. and 20 ins. respectively. The 
area of these cards represent work done. Now for non-condensing opera
tion, that is, pump exhausting into the atmosphere, the back pressure or 
lower line of the cards will be a little above the atmospheric line.

Accordingly in fig. 12 the atmospheric line being lowered, th a t is, the 
pressure of the atmosphere being reduced, the pump exhausts a t a lower 
pressure, hence the area of the card will be increased by the shaded area R, 
which represents additional work that is increase in power.

Classification of Air P um ps.—The steam turbine with its 
high vacuum requirements has resulted in a marked develop
ment of condenser air pumps, giving rise to a multiplicity of 
tfpes, some .of which are very efficient.

In general air pumps may be classified:
I- With respect to the duty they perform, as

ATMOSPHERIC
l in e:

CONDENSER L IN E (2 4
WACU'JM/ K i g l  jl jT \

(3 0  IN.VACUUM) V  W ° 1 b  7 “ 
'  G O N D E N 5 E I

LINE

bO-t».
e e r o  l i n e  .•■». v « w v n j  \  —  i , .

'  ^ —CONDENSER PRESSURE (6 INS.) 
figs. 9 and 10.— Indicator cards illustrating effect of barometer changes on 

condensing engine operation.

a W e t  i  ^ r  jet condensers 
' ' et j for surface condensers

b TW \ singlc staee ■ E iry  | double stage
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2. With respect to the principle of operation, as

b. Impulse
c. Entrainment

a. Displacement ] impulse d. Centrifugal
e. Je t or ejector
f. Rotary

3. With respect to the mode of operation or drive, as
a. Direct connected
b. Independent

4. With respect to the operating cycle, as
a. Single acting
b. Double acting

5. With respect to positions of the cylinder, as
a. Vertical
b. Horizontal

6. With respect to the pumping element, as
a. Plunger
b. Piston

W et D isp lacem ent Air P u m p s.—By definition, a displace
ment air pump is one in which a plunger or piston display 
the atmosphere, thus creating a vacuum.

In a surface condenser the pump has to handle only tie 
condensate and air, the cooling or “circulating” water being 
pumped by a separate pump called a circulating pump.

As compared with a jet condenser, the pump handles a much 
smaller quantity of water and a relatively large volume of 
The latter item is important because the air volume to be 
displaced is much larger than the water volume.
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Ques. How much air is mechanically mixed in water?
dns. About 1 /20 or 5% of its volume of air at atmospheric 

pressure.

Ques. How much air enters a condenser by leakage?
Ans. It may be 3 or more times as much as w a s -liberated 

by the water.

Ques. How does this air enter the system?
Ans. Since the pressure in the low pressure cylinder of a 

multi-stage expansion engine is most 'of the time below atmos
pheric pressure, considerable air may leak in through the 
stuffing boxes unless they be tight.

Ques. Give a rule o’ thumb for calculating the size of a wet 
a>r pump for surface condenser.

-‘his. The practice of some pump companies is to give the 
air pump a displacement equal to 20 times the volume of the 
condensate, if it be a horizontal double acting pump, and 12 
times if vertical single acting.

Ques. Why is the air pump for a surface condenser some
times made one-half the capacity of one required for a jet 
condenser?

Ans. In order to enable the surface condenser to be used as 
a let condenser in case of emergency.

Ques. How should the air pump be located with respect 
to the condenser?
'̂ ns- It should always be placed below the condenser.
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Ques. Why?
Ans. In order that the condenser will drain into the pump, 

which condition is necessary for obtaining the best vacuum 
within limit of the pump.

Ques. Is it always possible to locate pump below condenser.'

N O N - C O N D E N S I N G

Figs. 11 and 12.— Indicator cards illustrating effect on noncondensing P“,n|: 
operation with barometer at 30 ins. and at 20 ins.

Ans. In the case of a keel condenser the pump cannot t* 
lowered enough for the condenser to entirely drain except if 
case of some very special construction.

For instance fig. 13 shows result of not having the air pump ^  
enough as installed in the author’s steamer Stornoivay I. The vacm® 
obtained due to this faulty arrangement was around 18 ins. with result® 
loss of power and economy.
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A IR  PU M P 
•SHOULD BE 
BELOW TH IS 
ELEVATION-»

/  AIR 
PUMP 

TOO HIGH

NO ORAINAGE 
BETW EEN 

-LEVELS A ANOB

ADJU STABLE  
» /  ARM

\  CONDENSER
(AFT HEAD)

» CONDENSER
PITCH

S', 'o y  -fr \

hig h  N
LEVEL

LO w \
LEVEL:

'R ET U RN
PITCH

SIDE OF BOAT'

FORWARD HEAD
down p it c h  f o r  d r a i n a g e

RETURN PIPE. B
Fig. 13 .—Section through author’s steamer 

installation of pump for keel condenser.
Stornoway I showing faulty

S E A L  OVERFLOW 
TO TAN K

SUCTION
VALVE.

m

DISCHARGE TO 
/■HOT W E LL

DISCHARGE 
' VALVE

CONDENSATE IN LET

Rr. 14.—Author’s method of getting the air pump at a level lower than the 
condenser so the condenser will drain into the pump. Installation as designed 
01 •he author’s steamer Stornoway II.
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This fault was avoided in the very special air pump construction forth 
author’s steamer S tornow ay I I  as shown in fig. 14. With this location 
the highest vacuum possible within the range of the pump can be obtained.

Ques. In addition to low level of the air pump mention 
another requirement for a good vacuum.

Ans. The pump should be placed as close as possible to the 
outlet of the condenser avoiding any elbows, reducing any 
frictional resistance to flow as much as possible.

Fig. 15 •—An arrangement of exhaust piping put into a power plant (agoi»i 
the protests of the author) which was expected to give a 24 to 26 in. vacuf 
but didn't. The results obtained in this particular case were 12 to 15 
vacuum, although it was a City Water Works Plant and there was plenty® 
cold circulating water for the condenser.

Ques. How should the piping between engine or turbin 
be arranged? 

Ans. It should be as short and direct as possible ando 
ample size.

A striking example of disregarding these requirements which came t 
the notice of the author is shown in fig. 15. Good and questionable pi* 
tice in piping an engine to  a condenser is shown in figs. 16 and 17.
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Operation of Wet Displacement Air Pump.—The type 
generally used direct connected on marine engines, is shown in 
fig. 18. As shown it is single acting and has three sets of valves 
known as:

1. Foot
2. Bucket -
3. Head

GOOD

figs. 16 and 17.—The right and wrong way to pipe an engine to a condenser.

Ques. What happens during the first up stroke of the piston?
Ans. As the piston rises the air and vapor between its 

lower face and foot valves become rarefied with resultant 
decrease of pressure.

Ques. What additional event takes place as the piston 
continues its up stroke?
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Ans. Soon a point is reached where the pressure in the 
condenser is decidedly greater than that in the space above the 
foot valves and in response to this difference of pressure the 
valves open and admit air, vapor and water from the condenser.

It must be evident tha t if the condensate “drop” into the pump as wta
the latter is placed below the condenser instead of having gravity ad
against the entrance of the condensate, a better vacuum will be obtained.

Ques. When does the operation terminate?
Ans. When the piston reaches the top end of the stroke.

Ques. What happens on the return or down stroke?
Ans. The foot valve closes and the contents of the bane! 

are forced through the bucket valves into the space above the 
piston.

Ques. Describe what takes place on the next stroke.
Ans. As the piston moves upward the contents (condensate, 

air and vapor) are lifted and as the piston approaches the end 
of the stroke, are forced out through the delivery or head 
valves.

Ques. What becomes of the contents after being forced 
out through the head valves?

Ans. The air and vapor escape and the condensate flo"'s 
to the hot well whence it is pumped by the feed pump bad 
into the boiler.

Ques. Upon what does the amount of vacuum that can be 
obtained depend?

Ans. The pump construction.
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Ques. Explain.
ins. The pressure in the condenser cannot be reduced 

below that necessary to leave a sufficient excess of pressure 
in condenser oyer that in pump barrel to raise the foot valves.

' Ques. H o w  may the vacuum range of the pump be increased?

OUTLET

HEAD

WATER
5EAL

PISTON

WA.TILR
GROOVES

fig. 18 ■—Vertical single acting direct connected bucket piston wet air pump.

ins. By making the pump valves as light as possible and 
using valve springs no stiffer than necessary to give proper 
closing.
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Ques. Name another detail in pump design upon which the 
vacuum depends. 

/Ins. The amount of clearance space between the foot 
valves and piston when at lower end of its stroke.

To begin w ith, assume this space full of air a t  atmospheric pressure. No* 
during the up stroke this air will expand and the pressure fall approximately

Fig. 19.— The expansion and compression of air (at constant temperature) van® 
inversely as its volume, which changes are represented graphically by I"8 
hyperbolic curve, that is the hyperbola referred to its rectilinear asymptotes-

in accordance with Boyle’s law which states: The pressure of a perfect gesd 
constant temperature varies inversely as its volume, th a t is, double the volume, 
half the pressure.

The expansion of the air follows the hyperbolic curve referred to  it» 
rectilinear asymptotes as in fig. 19. In the figure, the curve constantly 
approaches the X X  axis as the gas expands (as by movement of the piston 
to the right) bu t never reaches it. T hat is, a pump with any clearance 
cannot create a  perfect vacuum.

Ques. Is the best vacuum within the range of the pu®P 
obtained on the first stroke?
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• STR O K E•

^3. 20.—Diagram showing that the hyperbola constantly appproaches its X X  
axis but never reaches it. This also applies to the Y Y  axis.

With the idea of obtaining the maximum vacuum the author 
for his special jacketed marine engine designed a “zero 
clearance” air pump as shown in fig. 21. In this design note 
the water seals for the stuffing box and the discharge valve.*
_ Ques. What is the effect of excessive speed?
..WpTE-—For further explanation see Audels Engineers and Mechanics Guide, 
Vo1 4. Page 1677 to 1732 b.

Ans. No, it would require an infinite number of strokes.
In fig. 20 assume clearance OA and stroke AL. Now L 'L  =  atmospheric 

pressure. The expansion of the air charge in the clearance space during 
the first stroke will be represented by the hyperbolic curve AB. Similarly 
for additional strokes expansion curves CD, E F  are obtained, but the cor
responding terminal pressures L 'B , L 'D , L 'F , etc., gradually approach but 
never reach axis XX, or zero pressure.

a t m o s p h e r i c

P R E S S U R E  -

O p - ----------------

C LEA R A N C E

ZERO PRESSU RE
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Ans. The valves may not 
have time to open between 
strokes, and accordingly the 
vacuum will become poorer 
and the condenser may be
come flooded with water. 

I t  is apparent that a certain 
tu time will be needed for the foot

valves to open and for the air, 
-£ water and vapor to flow through,
~ Wet Air Pum p Construc

tion.—Figs 22 and 23 are 
sectional views of a high duty 
air pump suitable for oper- 

 ̂ ation with a surface con-
j< denser. Sealed valves and
u in addition, piston rod,
q: stuffing box of the open pot

water sealed type, tend to 
prevent leaks. As shown 
the pump is direct con
nected steam o p e ra te d ,  
having valve gear with out
side lost motion adjustment. 

The air cylinder is bras 
lined, bronze piston rod; also of 
bronze are the valve seats, 
guards, springs and stems 
Valves are durable M°nt 
metal, disc type. The accom
panying list gives names oi 
parts and their numbers whid 
refer to  the illustrations figs- 
and 23.

Fig, 21.— Author's zero clearance wet air pump adapted to installa
tions where the hot well Inlet is below the level of the air pump discharge 
The bucket valve is always under a head of water, hence is water sealed o 
all times. The arrangement of the valves permits of practically zero clearance
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Ques. What happens during the first stroke of the author’s 
zero clearance air pump?

4ns. When the plunger starts on the intake stroke and be
fore the foot valve opens, a momentary practically perfect 
vacuum is created.

Ques. What happens when this vacuum is created?

4ns. The pressure in the condenser being greater than in 
the pump cylinder causes the foot or intake valve to open and 
the pressure in the pump cylinder rises (that is the vacuum 
falls) till the pressure in condenser and cylinder is equalized.

Ques. What happens during remainder of the stroke?

4 ns. The receding plunger causes the pressure in the pump 
cylinder to become lower than that in the condenser, air from 
the condenser flows into the pump, thus increasing the con
denser vacuum.

Ques. How would an indicator card of the zero clearance air 
Pump compare with the card, fig. 20?

4ns. The expansion curve AB, would be a vertical line and 
coincide with the axis OX.

P'B. 21.—text continued.
by close adjustment, hence all the air is forced out of the barrel on each down 
stroke, thus fending to produce the maximum vacuum. In operation, the 
condensate oozes out of the multiplicity of small holes drilled in the top of 
tne hollow plunger and flows to hot well by gravity. The stuffing box is 
water sealed. The discharge valve also is water sealed.
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Ques. Why does a vacuum form on the condensation ol 

steam?
A us. Because each cu. ft. of steam in condensing shrink* 

to about 1 cu. in. as in figs. 24 and 25.

Ques. Does an air pump create the vacuum? Mention: 
misleading idea.

BEFORE A F T E R
(c o n d e n s a t io n ) (c o n d e n s a t io n )

4 ns. It is popularly supposed that the air pump create 
the vacuum, but this is not correct and probably account: 
for the erroneous name of “vacuum pump” for air pump.

Ques. What does create the vacuum?
4ns. The condensation of the steam as in fig. 25.

U M

S T E A M  -  ICU. FT. CO N D EN SATE-I CU, IN.

Figs. 24 and 25.— One cu. ft. of sfeam and shrinkage after c o n d e n s a t io n ' 
the reason a vacuum forms in a condenser.
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Ques. What does the air pump (as such) really do?
ins. It merely prevents the vacuum already created by 

the condensation of the steam being destroyed by the gradual 
accumulation of air.

Ques. What would happen (with surface condenser) if the 
air pump stop?

ins. The condenser would continue in operation for a 
considerable time with no change but a gradual drop in vacuum.

Ques. What kind of pump is generally used with jet con
densers?

ins. The ordinary direct connected double acting horizontal 
piston pump.

An exception is the vertical pump used on some side wheel jet condensing
steamers.

Ques. How does the pump differ from the wet air pump 
used with surface condensers?

ins. Chiefly in size.
The general appearance of a je t condenser and air pump unit is shown

in %. 26.

Dry Air P u m p s— The object of this type pump is to create 
a vacuum higher than can be obtained with a wet air pump. 
The reason for the development of the dry air pump is the very 
high vacuum required in the operation of steam turbines.

Ques. What does a dry air pump remove from the condenser?

ins. Air and any vapor.
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Q u es. How is the condensate removed? 
Arts. By a separate pump called a condensate pump. 

Q u es. What is an objectionable name sometimes given to 
a condensate pump?

Fig. 26 . — V e r t ic a l  d ire c t  c o n n e c te d  a i r  p um p  a n d  je t  c o n d e n s e r  u n it.

Ans. Hot well pump.
In the first place on some fresh water installations there is no hot 

the condensate being discharged overboard. The important thing is what 
the pump removes from the condenser—not where it moves it.



A ir  Pum ps 527

Ques. What advantage is inherent in dry air pumps?
Ans. Handling air and gases only, the pump may be designed 

especially for such service (very light) and thus maintain a 
considerably higher vacuum than possible with the wet air 
pump.

S INGLE  ST AGE

Reciprocating Dry Air Pum p T yp es.—Construction details 
which differ from the wet air pump are, the valves, less clear
ance, water jacketed air cylinders.

In order to obtain the high vacuum, the valves must be ex- 
cePtionally light and the spring must not be any stronger than 
required to insure proper seating of the valve. The clearance 
should be a minimum.
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In order to reduce clearance to a minimum, the valve 
are placed in the cylinder heads and in some special construe 
tions the heads themselves form the valves.

With respect to the working cycles, dry air pumps may b 
classed as:

1. Single stage
2. Two stage

:'<g. 28.— S in g le  s ta g e  d ry  a i r  p u m p  sh o w in g  t y p ic a l  co n s tru c t io n .

Single Stage Dry Air Pumps.—Fig. 27 shows an elementar 
drawing of the single stage type showing essential feature; 
Note placement of the valves in the head -to reduce clearancf
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First is the multi-disc valve in fig. 30.
It is made of metal discs with a special spring. The parts making up 

the second type known as the “feather” valve are shown in figs. 31 to 34.

The complete valve element consists of but three parts: 1, 
valve strip; 2, valve seat; 3, valve guard.

O F .R O L L E D  
I E S E  BRONZE

Fig. 30.— Multi-disc air valve; a type having the features of lightness ant 
low lift.

Figs. 31 fo 34.— Assembly and parts of "feather valve". A  very light weigl 
type used on dry air pumps.
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■̂9s. 35 to 37.—Cut away views showing progressively the action of a feather 
air valve.
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Fig. 38.—Elementary drawing of a fwo stage dry air pump.

Two Stage Dry Air Pumps.—An elementary drawing of t! 
one cylinder two stage pump is shown in fig. 38, which presen 
in a very simple way the principles involved.

The head end of the cylinder, which is the first stage, drat 
the vacuum and therefore receives any moisture or vapc 
which might come over from the inlet.

The valve strips are the only moving parts of the valve and they are no 
rigidly held a t any point, being restrained .from lateral movement only b 
recesses in the curved guard.

Complete freedom for the strip is assured by steel inserts placed acres 
the ends of the guard milling.

In  opening, the valve strip is permitted to  lift in the middle again; 
a perfectly curved guard, to  allow passage of air on either side of the stri 
The opening of the valve is shown progressively in figs. 35 to  37.

T W O  S T A G E

N I E TO U T L E T
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Since the ratio of compressions of the first stage to the second stage is one 
to one, any entrained moisture or vapor which enters the first stage passes 
directly to the second stage without any noticeable evaporation.

Furthermore, since there is no compression in the first stage, there is no 
re-expansion of the air in the clearance space. As a result of both these 
factors, the entire cylinder volume of the two stage pump is available for 
removing air and vapors from the condenser or inlet instead of having 
the cylinder very considerably filled with re-evaporated vapor from cylinder 
condensation. Therefore, a very much higher volumetric efficiency is 
obtained than with any other type.

Fig. 39.—Sectional view of two stage feather valve air pump. Single horizontal 
cylinder.

The first stage or the high vacuum, being on the head end, does not have 
a stuffing box; consequently there is no stuffing box leakage. Should the 
stuffing box on the second stage leak slightly, it would not seriously affect 
the vacuum, since the degree of vacuum is almost entirely a function of 
the first stage.

Figs. 39 and 40 show construction of two designs of two stage cylinder.

Impulse Wet Air Pumps.—In this type pump the condensate 
air is transferred from the lower side to the upper side
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of the piston by a slapping action or impulse given when thi 
piston nears the lower end of the stroke—hence the name.

The pump is a reciprocating pump, but of the impulse type 
Figs. 41 and 42 show a vertical impulse pump invented b; 
Edwards. .

Q u es. What is the essential feature of the impulse pump?

Fig. 40.— An other design of two stage feather valve air pump. Single ho' 
zontal cylinder.

Ans. The piston as it nears the lower end of the strol 
uncovers ports in the cylinder walls which form a mechanicall 
operated inlet or admission valve.
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Ques. AVhat other valve is necessary for the operation 
of the pump?

Ans. A discharge or head valve.

Ques. Describe the operation of the pump.
ins. The condensate flows continuously by passing from

VALVE

F'9s. 41 and 42.—S ingle acting impulse type vertical wet air pump.

the condenser into the base of the pump and is there dealt 
with mechanically by the conical bucket working in combina
tion with a base of similar shape.

The conical shaped piston “slaps” the accumulation of 
condensate in the bottom of the cylinder giving it an impulse 
and the momentum thus acquired causes the water and air to 
flow at high velocity through the ports into the cylinder.

Ques. Describe what happens on the up stroke.
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Ans. The rising piston closes the ports, trapping the water 
and air in the barrel and carries it up. Approaching the top 
end of the stroke it forces the condensate and air out through 
the discharge or head valve.

Ques. For what service is the impulse pump adapted?
Ans. For high speed operation as by direct connection or 

high speed engine. The pump is not much good for slow 
speed work, as under such condition it produces a very inferior 
vacuum.

Entrainment Air Pumps.—Pumps of this classification arr 
a species of centrifugal pump in that centrifugal force i 
employed to hurl spirally intermittent pistons or “slugs” o 
water to expel air and vapors from a condenser.

In these pumps an impeller or jet wheel is employed to break up th 
water into slugs and hurl them spirally. They differ from the centrifi® 
pump in tha t the incoming cooling water (entering under pressure) is use 
to set the impeller in motion, whereas in the true centrifugal pump po«'1 
is applied to  the impeller to set the cooling water into motion.

An example of entrainment pump is shown in figs. 43 and 4

Ques. Describe its operation.
Ans. It removes the air and non-condensate vapors froi 

the condenser by hurling jet of water at high velocity approx 
mately rectangular in cross section from a revolving wheel.

The shape of the revolving jet and diffuser wheel is clearly seen 
fig. 44.

Ques. How do the water jets rushing through the impelli 
discharge?
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Ans. In the form of a spiral enclosing the vapors which 
enter around the transforming wheel between the jets or 
pistons of water.

Ques. How is the cooling water delivered to the impeller?

figs. 43 and 44.— Entrainment air pump. Assembly and details.

Ans. Under pressure by a centrifugal pump.

Ques. What is the source?
Ans. The supply of water comes from a tank into which the 

a'r Pump discharges.
Make up and overflow connections are provided as shown in fig. 43.
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Turbine Air Pump.—The essential elements of this pumf 
' are an impeller, air gap and diffusion vanes.

This is really a type of centrifugal pump because power is applied tc
the impeller and centrifugal force utilizes to  throw the water all arounc
the circle.

Ques. What is the operating principle of this pump?
Ans. It sets in motion a multiplicity of intermittent piston; 

of water to expel air and other non-condensible vapors tc 
produce a vacuum.

Ques. Describe the construction and action of the impeller
Ans. It is a high speed impeller of the enclosed type whicl 

draws water from the source of supply and hurls it at higl 
velocity all around its circumference and across an air gap.

Ques. What is provided surrounding the concentric air gap
Ans. A multiplicity of compression diffusion chamber 

formed by tangential vanes.

Ques. How is the water disposed of?
Ans. It passes off through a surrounding passage fo r m e d  b] 

the shape of the casing.

Ques. Describe the operation of the three elements?
Ans. The impeller in its rotation hurls the water at higl 

velocity across the air gap and it is divided into a great n u m b e  
of separate “pistons” or intermittent slugs of water on en terin j
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the diffusing chambers. These intermittent slugs of water 
entrap successive portions of air around the air gap which 
produces the vacuum .

Ques. How does the water get out?
dns. The slugs of water moving at high velocity have 

considerable dynamic inertia and so compress the air to 
f atmospheric pressure. The mixture of air and water passes 
through the annular chamber to the discharge opening of 

: the pump.

Ejector Air P um ps.—This type of air pump is similar in 
operation to a steam injector, with exception that the jet of 
steam is used to force air out of a condenser instead of water 
into a boiler.

The increasing demand for high vacuum and large air and vapor capaci
tes in power plants and the process industries, has brought about the 
development of the steam je t air pump or ejector to its present state of 
™gh efficiency.

Inherent advantages of this pump are simplicity, compact* 
ness’ no moving parts, low cost, etc. The ejector pump con- 
sists essentially of these parts:

1- Steam nozzle
2- Combining tube
3- Delivery tube.

The elementary drawing fig. 45 shows the arrangement of these parts. 
.n construction the combining tube and delivery are made in one part 
matead °f separate as in the case of the injector.

Ques. What is the principle of operation?

I
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Ans. The kinetic energy of the steam issuing from ire 
nozzle at very high velocity is utilized to pick up the air ia 
passing across the air gap and eject it from the condenser against 
atmospheric pressure.

COMBINING TUBE
STEAM

D E L IV E R Y  TU3E

AIR INLET

Fig. 45.— E le m e n ta ry  d ra w in g  sh o w in g  e s s e n t ia l e le m e n ts  of an ejector f)r 
a i r  p u m p .

Rotary Air Pumps.—In principle, this type is the re - 
equivalent of a single acting reciprocating pump. TliaT 
in place of a piston it has an eccentric mounted disc, an * 
lating cam for an admission valve and feather-weight disc s 
valves. A typical construction is shown in fig. 46.

Ques. Describe the construction?
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^s. The disc rotor is mounted eccentrically on a shaft 
•̂ ported in outboard bearings. An oscillating cam operated 
»om the rotor shaft by means of external cranks and connecting 
ŝeparates the admission and discharge sides of the cylinder 

^ follows the motion of the rotor with a small clearance.

Ques. How is the rotor adjusted?
'fos. It is so adjusted as to maintain during its entire 

rotation a close clearance with the inside of the air chamber.

Tig, ̂    p
Wnnecfr) a 'r pump- operates at speeds rendering it suitable for direct 
‘Is cy|er g,ine and 9eared or direct connected motor drive. In construction, 

'̂ina a ro*,o ris mounted eccentrically on a shaft supported in outboard 
’-mal c L osc|Hat'ng cam, operated from the rotor shaft by means of ex- 

jn k s  and connecting rod, separates the inlet and discharge sides of 
o„ce ThP .e0 ar|d follows the motion of the rotor with a small clear- 
'taranc6 r0'?r ¡S S°  adiusted as to mo'itoin during its entire rotation a close 
otthe 1 n Wl ■ I ’ns'de °1 a ’r cylinder. A ir  is drawn through the intake, 

cam 'n! r'9 i and discharged through the valves shown on the deck above 
from |eQi e ° utlet is at the top and may be either right or left hand. Freedom 
ctnjti a?e 's ossured because all clearances are water sealed. The rotor is 
torirollpj -n 0ontacf w'tl1 the cylinder, nor does the cam touch the rotor, being 
bnnoj ! n 'ts motion by an external driving gear which keeps it close to, 

Ŝtenolh ôuching, the rotor. One end of the rotor shaft has a crank oper- 
er crank on the end of the oscillating cam shaft, by means of a rod.
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Q u es. What is the path of the air?
4 ns. Air is drained through the inlet at the right and dis

charged through the valves shown, on the deck above the 
cam and outlet at the top.

Q u es. With the clearances how is leakage avoided?
Ans. All clearances are water sealed.
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CHAPTER 21

Jet Condensers
Although a condenser is by no means a pump, condensers 

air pumps are so closely related (one can’t function without 
Jhe other) it seems fitting that condensers should be treated 
 ̂this book—Jet Condensers in this chapter and Surface Con- 

densers in the next chapter.
In the first place, it should be understood once and for all, 

ltlat the air pump does not create the vacuum, but only main
tains it.

As a matter of fact, any first class surface condensing equipment in good 
condhion can be operated without any air pump for a consider

óle length of time and without any substantial loss of vacuum. This in 
0 will continue indefinitely, for quickly or slowly, but in any event 

-urely,. the air will accumulate in the condenser and build up a pressure, 
greats *S °n^  3 quest*on t 'me unt;d ^ a t  Pressure will be atmospheric and

Therefore, the air pump is quite necessary even though the heat removing 
pability of the condenser itself remains as the essential factor of the 

Process.

m! ê̂ n'^on a jet condenser is: In steam engineering, an 
varalus in which exhaust steam is reconverted into water by 

tkp* with a spray of cooling water. That is, in other words 
unction of a condenser is to cool exhaust steam so as to 

Uce üs pressure and volume to a minimum by extracting
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its latent heat and thus changing its state, that is reconverting 
it into water, or as usually put, condensing the steam.

Q u es. What name is given to the cooling water and why?
Ans. The injection water because it is “injected” into the 

condenser.

C lassification o f C ondensers.—All condensers with respect 
to the method of transferring the heat from the steam to the 
cooling water may be divided into two classes:

1. Direct contact (Jet condensers) Class 1

2. Surface contact (Surface condensers) Class 2

(See Chapter 22).

Class 1. Condensers
(C lassification)

The numerous types of condensers of the direct contact 
(“jet”) type may be divided into several classes, with r e s p e c  

to various distinguishing features.
1. With respect to the method of circulating the cooling 

water as,
a. Rain
b. Jet
c. Barometric
d. Steam ejector
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2. With respect to elevation, as
s. Low level (jet)
b. High level (barometric)

3. With respect to the flow of the steam and cooling water, as
fl. Parallel flow
b. Counter flow
c. Combined, parallel and counter flow 
d- Disc flow

With respect to the degree of baffling, as
a• One pass
b. Two pass, etc.

3- With respect to the method of introducing the cooling 
"'ater, as

»■ Low level
b' High level (Barometric)

With respect to the method of removing the cooling 
Mer, as

“■ Barometric 
b■ Eductor 
c- Pump

The Vacuum.—When the absolute pressure in an enclosed 
sPace is less than the barometer reading outside, it is cus- 
'■omary to call it a “vacuum.” However, it should be noted 
jhat this alleged vacuum is not a vacuum only a partial vacuum, 
hat is to say, any reading of the vacuum gauge less than 
^metric is not a vacuum—only a partial vacuum.
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line

Mgs. i  a n d  2. Iheoretical diagrams for equal power of throttling enginjj 
operating non-condensing (sometimes i 11-advised I y called "high pressure] 
as in ¿'9- 1 and condensing as in fig. 2. It should be distinctly understood 
that these are theoretical cards for engines without clearance being shown 
ror simplicity and in practice the actual saving by condensing depends o n  many 
conditions. The solid black area M , is due to the condenser; hence, it m«» 
be evident that in governing by throttling when changing from non-condensing 
to condensing operation, the initial pressure is lowered until the c a r d  area 
?cnT_ ™  yjS ; 2) is equal to S (fig. 1 ) thus maintaining constant load. 
it the initial pressure remained the same and condenser be added, the car 
area o, would be increased by the area M , giving card LARFG (f'9- 
increasing the power by area M . This is one way of increasing the Povse 
or an engine.

of the atmosphere, or 1 4 . 7  lbs. per sq. in. Now the nature of 

steam is such that most of this back pressure can be rem oved , 

that is, if at the end of the forward or steam admission stroke, 

the cylinder full of steam be chilled as by injecting cold wat̂  
or exhausting into a cold chamber, the steam will condense

By definition (as before defined) a vacuum is a space coii 
of matter, that is, a space in which the pressure is zero absolute. 
The meaning of a partial vacuum referred to as a 30 in. barom
eter has been explained on page 506.

Saving Due to Condensing.—When an engine is run without 
a condenser the steam must be exhausted against the pressure
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!®ing a vacuum into which the piston can return without 
having to force back the atmosphere.
It must be evident that since, by condensation, most of 

be back pressure is removed from the exhaust side of the 
Piston, a considerable gain in power or saving is the result. 
The extent of this saving depends largely upon conditions of 
operation, the net economic effect being equal to the saving in 
fuel less the cost of condensing.
To obtain an idea of the nature and extent of the saving due 

tocondensing, consider first the theoretical results obtained with
1. Throttling engine. 2. Automatic cut off engine.

In the first instance, assume a throttling engine running non-condensing 
*ith 80 lbs. initial gauge pressure, and 3d  cut off, as indicated by the 
theoretical diagram, fig. 1. The corresponding mean effective pressure is

94.7 X 1.69 _  u  ? =  65 3 lbg  .............................. (l)'
2

Now, if the engine be operated condensing, the condenser will reduce 
be back pressure to  say 21bs., thusrem oving 14.7 — 2 =  12.7 lbs. pressure 
from the exhaust side of the piston.

Now since the cut off remains the same, for equal power, the throttling 
governor will reduce the initial pressure to  approximately 80 lbs. absolute, 
Wing a m.e.p. of

80 x  1,69 -  2 =  65.6 lbs...................... (2)
2

being practically the same m.e.p. as obtained in (1). Fig. 2, is the condens- 
m£ diagram, the solid black area M , being the portion of the diagram due

the condenser.
Again, if the volume of the cylinder up to  the point of cut off be one cu. 

|t- (no clearance), it would require when running non-condensing one cu. 
ft- of steam a t 94.7 lbs. which weighs .2151 lb., and when running con
densing, one cu. ft. of steam a t  80 lbs. pressure which weighs .1829 lb. 
Hence, when running condensing there would be an a pparen t saving of 
2151 -  .1829 =  .0322 lb. per stroke, or

:215* x  100 =  14.97%
.2151
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F ig s . 3 an d  4.  ̂ Theoretical diagrams for equal power of an automatic cut on 
engine operating non-condensing, as in fig. 3, and condensing as in fig- 4- 
Here the area of the card remains the same, but its contour changes. ¡Je 
solid black portion S, is the portion due to condensing, hence to keep 1̂  
power constant the portion M , above the atmospheric line is reduced by sn o rt 
enmg the cut off till M +  S = L, The cut offs here shown: X  non-con
densing, and condensing are usually the most economical cut offs.

card produced above the atmospheric pressure line would give a mean effec
tive pressure of 37.9 -  17.7 =  20.2 lbs. or the same »i.e.p. of 38.9 lbs. for 
the entire card, thus giving constant power.

By trial and error the shortened cut off is found to  be approximately 

l /7 th ,th u s : 94.7 X 2.95 ..
 2 = 37.9 lbs. m.e.p ............................^

The diagram corresponding being shown in fig. 4 .

_ * K'°„'InE -— In equations (1) and (2) above 94.7 is absolute initial pressure; 2.95 
and 2.39 is 1 -f hyp. log of 4 and 7 (expansions) respectively.

Consider now the automatic cut off engine, running non-condensing, 
with 80 lbs. initial gauge pressure, and 34 cut off, 17.7 lbs. abs. bad 
pressure as indicated by the theoretical diagram in fig. 3 , giving a mean 
effective pressure of*

9 1 L p . 3 9 - 17.7 , 3 8 i, i bs ..................  (1)
4

Now if the engine be run condensing, the condenser reducing the bad 
pressure to  say 2 lbs., th is will remove 17.7 -  2 =  15.7 lbs. pressure 
from the exhaust side of the piston, hence the engine governor would auto
matically shorten the cut off to  some point such th a t the portion of the

Kv-CUT OFF 94.7i----- 1 'h CU T  O FF

EQUAL A REA S
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Now, JA =  V* M = 57% of 34, hence, the volume of steam to be ad
mitted for 'A cut off is only 57% of th a t required for J4 cutoff, and accord
ingly the apparent saving is

1 — W7
— £ X 100 =  43%

In these two cases the saving is the apparen t saving for, as 
must be evident, if  a feed water heater be used, the feed water 
could be returned to the boiler at a higher temperature when 
operating non-condensing than w ith a condenser, because some 
°I the heat is carried off in  the circulating water of the con- 
"enser> which otherwise would be absorbed by the feed water.

Thus the temperature of the exhaust steam a t atmospheric pressure is 
Fahr., and a t 2 lbs. absolute, 126°, and assuming th a t with a feed 

'rater heater the water could be heated to  these temperatures, its tem 
perature would be 212 — 126 =' 86° higher non-condensing than  con
densing. Now since there is a saving of approximately 1 % for each 10° 
,al  hie feed water is heated, the saving in this case would- be 8 .6%, 

ch must be deducted from the apparent saving, and also the work of 
e condenser pump to obtain the net (theoretical) saving. The work of 
e condenser pump consists in pumping the water used in condensing the 

“team and removing air from the condenser.

Assuming 2° for this work, the net theoretical saving would be as follows:

Throttling Cut off 
engine engine

Apparent theoretical saving 14.97% 43%

“wwsed saving by feed water heat- 
“>g (non-condensing)......................  8 .6%

V,()rk of condenser pum p................... 2 “

1 0 .6 % 1 0 .6 % 1 0 .6 %

; 4 theoretical saving condensing.. .  4.07% 32.4%

'vitlrHlS considerably m°re saving is obtained with the cut off engine than 
,v„ e throttling engine, which is to be expected, because of the increased 
«Pansion of the steam.
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Now in practice the net economy of condensing is somewhat less as 
explained in the note below.*

Pow er G ain D ue to C ondensing.— There still remains a 
surprisingly large number of power producing plants (including 
high powered tugs) which could very profitably be changed 
over to condensing operation. T his is due to gross ignorance 
of the owners who do not realize the extent to which their 
power output can be increased by utilizing the energy which 
while operating non-condensing is thrown away, which if 
operating condensing could be converted into useful work.

According to  C. H . Wheeler, taking full account of feed water temper
atures and the power consumed by the condenser auxiliaries, the actual in
crease in power gained by changing over a single expansion reciprocating 
engine from non-condensing to condensing operation amounts to from 
twenty to  th irty  per cent. Similarly, with a compound reciprocating engine 
operating condensing a t about five inches absolute, if the cut-off be length
ened and the engine exhaust to  a suitable low pressure turbine, an actual 
increase in power can be gained which also amounts to  from twenty to thin)' 
per cent. In this case the combined cost of the turbine and the condensing 
equipment would still be less than th a t of the additional engine, boiler® 
condenser which would otherwise be required for the production of the ao<U 
tional power. In the same connection, another interesting comparison*! 
th a t of a  small high pressure turbine, operating non-condensing, and reqwr 
ing say forty pounds of steam per hour per k.tv. with a similar turbine, D 
designed for and operating condensing, and therefore requiring sa> on. 
twenty pounds.

♦ N O TE .— Economy o f Condensing. “ I t  is held in the popular r n i n d  ttrnt the 
onomy of condensing is, in round numbers, 25% . Th is p e r c e n t a g e  usually re 
s im n lp  PTICnnPS a n d  i t  rpfp rc  tn  th p  n m n n n u r  oo m iw cnrnH  h v  thp. d  ftcrence 1U ,

economy
to simple engines and it  refers to the economy as measured by the difference^ 
coal consumption produced by a condenser.”  The evidence of some or 
tests show that “ this belief is not well founded except in special cases. “  %
feed water be_ heated by the exhaust steam of the1 n o n -c o n d e n s in g
temperature of 100° Fahr., which is that of the ordinary hot well, to a temp _  
of 210° Fah r ., the non-condensing engine can be credited with about ll/o  V » 
consumption, which should be considered in determining condenser econo 
The average of a number of Barrus’ tests gives a saving produced by conowgj 
of 22.3% . “ I f  we allow for the steam or power used by an economical con ^
it  would be seen that the net economy of condensing is at best not. mV ,L cnce 
20% , based on steam consumption. I f  furthermore, we allow for the am 
produced by heating the feed water to the extent above mentioned, urc 
o f fuel would be reduced to about 10% .” —Barrus.
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Class 1. Jet Condensers
By definition, a jet condenser is: A  closed chamber within 

Mick exhaust steam comes in  direct contact with a spray or jet 
tfcold water and is condensed.

‘ I
Ques. What is the cold water called and why?

■tiis. The injection water because it is “ injected” into the 
condenser.

As distinguished from the circulating water of the surface condenser.

Ques. What happens when the steam comes into contact 
Wh the finely divided injection water?

4#s. It  is almost instantly condensed.

Ques. What happens when condensation takes place?

Ifis. Since each cu. ft. of exhaust steam shrinks to about 1 
rd-in. of water when condensed, an empty space or vacuum 
15 thus created in the condenser.

Ques. What causes the injection water to enter the con
denser?

dns. When the condenser is not too high, atmospheric 
Pressure forces it  in; when higher than the barom etric column, 
aPUmp is required.

QUes- What must be removed from the condenser in addi- 
il°n to the condensate and injection water?

A small amount of air.
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Ques. How are the water and air removed? 

A n s .  On the low level type, by a single pump.

In the larger sizes sometimes a dry air pump is used to remove the ai 
only. Fig. 5 shows the essentials of a low level condenser.

Ques. W hat name is generally given to the low level con
denser?

- ST ELAM FR O M  EN G IN E

JET
CONDENSER

' - > j

C O N D EN SA T IO N  
P R O D U C E S  VACUUM

PUMP FOR REMOVIÓ 
IMJECTION WATER

CONDENSATE ANDA!#

Fig. 5.— Elementary jet condenser showing essential parts. The pumper- 
right is a so called air pump and ignorantly called "vacuum pump u. 
the supposition that the pump produces the vacuum. It is, strictly spe° '• 
a combined injection water, condensate and air pump.

A n s .  They call it a je t  condenser as distinguished fro-- 
the barometric type of jet condenser.

Low L evel or “ J et” C ondensers.— The term je t, although 
is applied too broadly to a ll condensers in  which the steam aft- 
cooling water come into direct contact, is generally used 
designate a low level condenser in which a pump is required. 
remove the water as distinguished from a high level or hare- 
m etric condenser, which, as later explained, requires no pu*? 
to remove the injection water.
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f'S- 6.—Parallel flow condenser. It consists of a conical or bottle shaped 
Witing projecting down into the water end of the air pump, and having open- 
ji’gsin its upper parts for steam and cooling water. In operation, the exhaust 
"om the engine enters the condensing chamber at A ,  and the injection water 
j. • C, is the spray pipe which has at its lower extremity a number of vertical 

through which the water passes and becomes spread into thin sheets, 
he spray cone D, breaks the water passing over it into a fine spray, and 
* causes a rapid and thorough mixture of the steam and water. The spray 

Wne is adjusted to give the proper amount of water by means of a stem passing 
7>ugh the top of the condenser to wheel E. The injection water and con
densed steam fall together through the opening F. into the pump and are dis- 
 ̂arged into a convenient waste pipe, or into a not well when the discharge 
"°ter is to be used for feeding the boilers.

fee are three general types of jet condensers:

1. Parallel flow.
2- Counter-flow.
3. Combined counter and parallel flow.

E

PARALLEL FLOW STEAM

PUM P
D IS C H A R G E :

CONDENSING C H A M B ER

INJECTION W ATER , C O N D E N SA T E  ' 
AIR and n o n - c o n d e n s a b l e  v a p o r s

WET AIR PUMP
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Ques. W hat should be provided on every low level or $ 
condenser and why?

A n s .  An automatic vacuum  breaker to protect the engine 
or turbine in case the pump stop. .

Parallel Flow Jet Condensers.— F ig . 6 shows the pare'j 
flow type in  which the steam and injection water flow in these® 
direction.

Ques. How is the injection water applied to the condenser?

A n s .  A t the top through an adjustable spray cone which 
breaks it  into sm all particles and thoroughly mixes it with tie 
inflowing steam, thus producing rapid condensation.

The m ixture of condensate and cooling water is drawn fro» 
the bottom of the - condensing chamber into the pump ad 
delivered either to the sewer or hot w ell, d e p e n d in g  up® 
whether the discharge water is to be used for feeding the boiler. 
I f  this be done the exhaust steam should pass through a greas 
extractor before reaching the condenser.

Ques. W hat should be noted about the method of delivering 
the injection water?

A n s .  It  depends upon the lift.

If the lift be not over 20 ft. no pump is needed, if greater, a pump sfcd
be used as a booster to atmospheric pressure in lifting the water.

%

Counter Flow Jet Condensers.— F ig . 7  shows the count® 
flow type of jet condenser in which the steam and water flow1 
opposite directions.

Ques. W hat should be noted about this type condenser-
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4ns. In this arrangement the coldest water comes in  contact 
with the coldest steam,, that is, w ith steam in  its last stage of 
condensation, thus tending more to complete condensation in 
the condensing chamber and requiring a sm aller amount of 
cooling water.

tcTd r y  a ir  p u m p

,  7COOLING
WATER iV f T j i  i

I l I V j l  ^

m

Í  ' i ' l l
l'i

0

A IR  AND UNCONDENSED 
VAPOR

D IS T R IB U T IO N  TR O U G H S

COUNTER
FLOW

TO  INJECTOR 
WATER P UMP

j?'J'—Counter-flow “ jet" condenser. In this arrangem ent the steam 
it WQter flow in opposite directions, that is, the entering steam encounters

6 warmest water and condenses as it rises, passing through successive curtains 
[¡ya,er/ obtained by suitably arranged overflow trays. Thus the temperature 

du f  v?pors is gradually reduced as they approach the top of the condenser, 
e . proximity of the incoming injection water. Ultimately the mixture 
e,ln9 the pipe to the dry air pump consists of air of relatively high density 
Spared with that of the residual water vapors.
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Ques. W hat is the path of the injectio n' water and con
densate?

A n s .  They both fall to the bottom of the condenser and 
are carried off by a pump.

Ques. W hat happens to the air?

A n s .  The air rises to the top of the condenser, being cooled 
as it rises, and is efficiently expelled from the top by a so called 
dry air pump.

Combined Counter and Parallel Flow Jet C o n d e n s e r s .—This 
type is shown in fig. 8.

Ques. Name two ways by which the air may be carried off.

A n s .  B y  either a wet or dry air pump.

The elementary diagram shows the dry air pump type in which the sir
collects in an inverted cup and is drawn off a t A, a point below that where
the condensation takes place.

Ques. W hat would happen if  the dry a ir pump c o n n e c t io n  
be located at B , and why?

A n s .  It  would be useless as the entering steam w o u l d  pre- 
vent the collection of air and the net result would be the rem ov a l 
of steam only, which would not increase the vacuum.

Comparison of Parallel and Counter Flow .— In  both of these 
types the flow of the injection water is downward as is plain!) 
seen in the diagrams.

Ques. W hat are the characteristics of the parallel flow 
condensers?
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Ans. The steam enters at the top w ith result that it  meets 
the injection water when it is coldest.

Ques. What obtains w ith counter flow?

■Ins. The steam enters at the bottom and meets the injection 
rater when it is hottest.

STEAM

W A T E R  REM O VAL 
PUM P

f'9. 8.—Combined counter flow and parallel flow jet condenser.

Ques. Name a feature of the parallel flow condenser.

An*. It is the possibility of utilizing the ejector action of the 
ileara to assist in a ir rem oval.

Ques. What should be provided in either type?

Coon 
W ATER

A I R  P U M P

C O U N T E R  FLO W

F L O W
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IN JE C T IO N  
WAT ER h"

■SPRAY
C O N E

.4 n s . M eans for cooling the vapors before they pass to 
the air pump and at the same time, for heating the condensing 
water as nearly as possible to the temperature of the vacuum.

R e d u c e d
c o n t a c t
SURFACE

E X H A U S T
S T E A M

CONSTRICTED
NECK

Fig. 9. Low level parallel flow jet condenser showing the method of re<W 
contact surface vacuum breaker. In construction the neck or upper P° 
ot the condenser chamber is made quite small and the cross sectional passage 
area ,s further constricted at this point by the cooling water pipe. In opera
tion, rapid condensation is due only to the large surface exposed by t"- 
cooling water as it passes through the large section of the condensing chon] • 
Uue to the constricted neck, any accumulation of water rapidly dim"11'

I i L -  . . . . .  . .  i r  . i J  L / t u i n f l  Onlyne conaensing surtace until the spray cone itself is submerged, leaving 
the small annular ring of water at A B , to act on the large volume o entering 
steam. The surface of this ring being far too small to condense the s,e. .  
the pressure immediately rises causing the relief valve between the eng 
and condenser to open and allow engine to run non-condensing, or W. 
absence of a relief valve the exhaust steam will blow out through the 
water pipe and pump valves, thus forcing all the water out of the condense-
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Automatic Vacuum Breakers.— To protect the m ain engine 
if turbine from flooding, every jet condenser which depends 
"«pon a pump for the rem oval of the water is, or should be, 
provided with an autom atic vacuum  breaker, in case the water 
removal pump should fail. A t the usual rate of flow a jet 
condenser would be entirely filled w ith water in  a few seconds 
iould the removal pump stop, unless provision be made to 
teak the vacuum and thereby stop the incoming w ater.

There are numerous types of vacuum  breaker depending for 
teir action on the principle of

h Reduced contact surface.
Air admission.

a- To condenser.
To cooling water pipe.

The reduced contact surface type consists sim ply of a con- 
!'hcted neck at the upper part of the condensing chamber as 
'¿own in f i g .  9( which w ith undue rise of the cooling water 
Qusesthe condensing surface to rapidly dim inish so that it is 
“adequate to condense the steam, thus causing the pressure to 
^within the condenser.

The air admission types consist usually of a ball float, placed 
^herinthe condenser proper, or in an adjoining and communi
n g  chamber, and which upon flooding of the condenser, w ill 
tote a valve and allow air to enter the condenser chamber
n  % . 10 .*
f Abetter arrangement is to allow the air to enter the injection 
^  as in fig. 12.

njiPa'E-p'A vacuum breaker should not be confused with an atmospheric relief 
' -»Inch is placed in the exhaust line between the engine or turbine and the 

isbW t0 provide a means of escape for the steam in case the condenser become
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Low L evel Jet C ondenser C onstruction.— An example of 

m od em  low  level jet condenser construction  is shown in fig. 11.
T h e  course o f th e  condensing w ater through  the condenser 

is clearly show n.

Fig. 10.— Low level combined counter and parallel flow condenser ^ 
typical example of air admission vacuum breaker. It consists of a 
and communicating chamber with float operating an air valve wn|C 
air into the condenser. In operation, when the water rises in *nej° > 
to the level A B , it lifts the float F, which in turn lifts the air valve ; ^
seat, admitting air into the condenser through pipe P, thus ° ,ea 
vacuum.
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®‘0f MERCURY 
®LUTE PRESSURE

•em'perat̂ ross.secti°n of a modern low level jet condenser with pressure and 
ures indicated to show condition of operation.

INJECTION

WATER 70° F
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It enters a distribution belt surrounding the vacuum space, to 
it is introduced a t high velocity through a set of bronze lined nozzles ofla$ 
bore.

At the inner end of each nozzle, bu t a t a considerable distance ttee* 
from, is fixed a spray plate of special design. These plates are of suchstaK 
and are so located as to  cause the jets from the nozzles to break into a fis 
spray which penetrates the entire vacuum space of the condensing chaste.

Provision must also be made effectively to prevent fe 
passage of steam to the air chamber.

A ll vapors passing to the air chamber must be thorough!!’ 
chilled to approxim ately the same temperature as that oi fe 
incoming water; and the resistance to the water flow must h 
slight.

T his manhole provides for access to and inspection of the 
pump inlet ports, wearing rings, im peller, etc., and is of suf
ficient size to permit removal of the pump casing should this 
become necessary.

The water removal pump is of the centrifugal type submerge 
in the hot well space.

Im m ediately above the water distribution belt and also sur
rounding the vacuum  space is the a ir chamber.

The inlet to  this chamber is so placed that, while the flow of air is not«“ 
peded, no air reaches the chamber without coming into thorough con» 
with the condensing water a t its lowest temperature.

This refrigeration of the air produces high partial air pressure and to* 
water vapor content in the mixture handled by the air pump, thereby  ̂
creasing the required volumetric capacity of the air pump, and there» 
resulting in a  saving of space as well as of capital and operating costs.

A t the left is a vacuum breaker.

If, due to  some fault in operating, too great a supply of condensing®3*;- 
be permitted to  enter the vacuum space, or if the removal pump sncT 
fail, or if the water discharge line should become clogged, it is a 
necessity tha t the vacuum be broken immediately. Otherwise the 
turbine may be flooded and much damage done within a very few
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WATER 
• IN LET

'S. 12.—Detail of vacuum breaker as installed on the low level jet condenser
of ng. 11.

Ques. Where should the air be admitted for most efficiently 
reaking the vacuum?

. In the water injection line rather than in  the con- 
et>ser. This method of connection is shown in fig. 13.

To break the vacuum  the common device is such that, with 
s higher water level than norm al in  the condenser vacuum  
space, a valve is autom atically opened, which opening perm its 
& from the atmosphere to enter the body of the condenser.

This valve is necessarily small and on this account a considerable length 
of time is required to adm it sufficient air into the condenser for the purpose 
bview. A detail of the vacuum breaker is shown in fig. 12.

CONNECTION 
TO WATER 
INJECTION

V E N T
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Two Sources of Injection  W ater N ecessary .— On low level 
jet condensers two sources of injection water are necessary- 
one for starting and one for operating.

Q u es. W hat is “ forced injection” ?
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■ins. The method employed for starting a condenser by in 
king water into the condenser by pressure.

Ques. Why is this necessary?

•ins. Because there is no vacuum  in the condenser in  start- 
'% As soon as the vacuum  is established, water from the start- 
55 source is discontinued, and sim ultaneously connection is 
adeto the regular source of supply.

Ques. How should the regular source of injection water be
located?
•ins. It should be so located that the lift is neither too great 
too small.

Ques. What if the lift be too great or too small?

•ins. If the lift be too great, then the slightest obstruction 
prevent the flow, and even a momentary stoppage w ill re- 
in an entire loss of vacuum. I f  the lift be too sm all, there is 

constant danger of flooding.

, Such a danger becomes an actual menace if the source of supply be located
i-<)'e the condenser.

Ques. What should be done if the supply be located above 
^  condenser?

•ins. Proper precaution should be taken by installing a cold 
with an ample overflow, located at a suitable distance be- 

if the condenser level.

Barometric Condensers.— B y  definition a barometric con- 
^ r is  a high ievel je t  condenser. The essential details are quite 
“®*iar to if not exactly the same as those of a low level jet 
"»denser, with the exception that no i-emoval pump is used.



566 Jet Condensers

FLOW AIR OUTLET-

RELIEF VALVE

COOLING 
M \  WATER

PARALLEL COUNTER FLOW

INJECTION OR 
COOLING WATER 

SUPPLY

%
g  OVERFLOW £ -KCrTTVVEtW

W 777Z7777777/
Fig. 14.— Para lle l flow barometric condenser or so-called injector

Fig. 15 .— Counter Flow barometric condenser or d ry  a ir  pump fyP8,
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Ques. What takes the place of the removal pump?

Ans. A tail p ip e  of com paratively large diameter and over 
Jdt. long, attached to and submerged at its lower end in a hot
well.

Due to the length of the tail pipe it removes the water from the con
denser without the use of a pump. T hat is. a steam discharge nozzle, com
bining tube and tail pipe terminating in a hot well. Two annular passages 
provide openings for the cooling water and exist to  relief pipe.

Types of Barom etric C on d en sers.— There are two general 
classes of barometric condenser:

1. Parallel flow or so called injector type, fig. 14.
2. Counter flow or dry air pump type, as shown in  fig. 15.

Figs. 14 and 15 illustrate the principles of operation as explained in the 
accompanying text.

Parallel Flow Barom etric C on d en sers.— The essentials o f .this 
type are shown in the elementary diagram, fig. 14.

Ques. What is its construction?

Ans. It consists of a steam discharge nozzle, combining tube 
^  tail pipe term inating in  a hot w ell. Two annular passages 
provide openings for the cooling water and exit to relief pipe.

Ques. How does the injection water circulate?

An*. The injection water enters the condenser at A , and cir- 
^tes around the annual passage B , falling through the an- 
nulaf space C, between the outer and inner cones forming a 
moving cone of water D , w ith a sharp vortex.

Ques. Describe the action of the steam.
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F ig . 16— Modem parallel flow or ejector type bo'5- 
metric condenser. In  operation , water at otmos- 
phene pressure or slightly higher enters near tb 
top of the condenser and is injected into the sleofl 
space through a number of efficient hydraulic no:- 
zles, forming high velocity streams or jets of wets 
which converge in a throat piece at the bottom. A5 
the steam is condensed, air and non-condettsibls 

gases are entrained to the converging streams ora 
carried to the throat piece, where the kinetic energy 
of the high velocity jets is converted into pressure, 

compressing the non-condensibles and ejecting Im
mixture through the tail pipe into an open hotw- 
Here the air and̂  non-condensibles are r e le a s e d  ra 

atmosphere, while the circulating water ana ca" 
densed vapors flow to waste.

F ig . 17.—Construction of nozzle plate and noiite 
showing one nozzle removed. To accompany fig- •
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FIRST STAGE 
EJECTOR

COOLING WATER ; 
/•INLET

OPERATING 
//•STEAM
r

SECONb
STAGE

EJECTOR

F ig . 18 .— Modern counter 
flow (d isc flow type) 
barometric condenser. In 
o peration , steam and 
air or other non-conden- 
sibles enter the condenser 
near the bottom where 
they come in direct con
tact with the cooling 
water flowing down 
through the condenser 
by directed, gravity flow. 
A  considerable portion 
of the steam is condensed 
immediately while the 
remaining steam and air 
are drawn up through 
successive water curtains 
by the air ejector. By the 
time the mixture has 
penetrated several water 
curtains, all the remaining 
steam has been con
densed, but the air is 
hot and saturated with 
vapor which can be re
moved only by cooling. 
The upper curtains, 
through which the satur
ated air must pass, are 
designed to give the best 
possible cooling and de
vaporization. After thor
ough cooling, the air is 
withdrawn from the con
denser by the steam-jef 
ejector or vacuum pump.
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A n s .  Steam enters at E , passing through the inner cone or 
nozzle and meets the water at C , im parting to it what velocity 
it has on being condensed. T his tends to force more water 
through the annular space between the inner and outer cones.

Ques. W hat happens to the condensate air and vapors?

A n s .  They are brought down through the hollow cone of fall
ing water D , and the air and non-condensate vapors discharged 
through the contracted throat F , of the combining tube. Since 
there is parallel flow of the steam and water, air and non- 
condensable vapors, the latter are forced by their own inertia 
to enter the vortex which effectively removes them.

After passing the throat F , the combining tube expands to 
the size of the ta il pipe, thus reducing the frictional resistance 
of the pipe to a minimum. Fo r proper siphoning of the injec
tion water the lift of the supply G , should not be over 20 feet. 
Now if the supply G , were very near the exhaust A , the pressure 
tending to force the water into the condenser would be consider
ably increased. Accordingly if  this condition obtain, or if a 
pump be used and not properly regulated the water would enter 
A , faster than it could pass through the contracted throat F, 
and without the overflow pipe the water would fill up the con
denser and probably back up in  the exhaust pipe and damage 
the engine. Hence, under such conditions, an overflow pipe as 
shown should be provided for safety. A  relief valve is pr0- 
vided, perm itting exhaust into the atmosphere when desired.

Ques. W hat name is sometimes given to the parallel 
type?

A n s .  The ejector barometric condenser.

M odern construction of this type is shown in figs. 16-and 17-
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J' ^•"Photograph of an operating model illustrating disc flow. In accord- 
ipce w.™ a well-known principle of hydraulics, a low velocity ¡et of water 
Jr'i'HS on a Hat surface produces a thin sheet of water without rebound or 
the • ?" water continues to spread across the annular space between
th in 'n3ement plate and the cylindrical wall of the condenser, it forms a 
ion r ° r curfa 'n ° f  water, which can be maintained with water quantities
)|,e31 rom Û.H fating to of lower. The thin uniform water curtain reduces 
tond"e$5U,e ^'lferent'al required to pull the non-condensibles through the 

A t the same time a greater surface of cooling water is exposed 
j e ?lr and non-condensibles to obtain thorough devaporization, thereby 
••-asing the load on the steam jet ejector or vacuum pump.

Counter Plow Barometric Condensers.— The essential ele- 
s °* this type are shown in  the elementary diagram, fig. 15.

Describe its operation.
J**: The injection water passes out to the hot well through 

^  Pipe, the steam inlet being 34 feet above the water level

Ques,
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in  the hot well. A ir and non-condensable vapors pass out a 
the top as shown, to the dry a ir pump which may be placed« 
any convenient location. Since there is no contracted throa 
in  the condenser an overflow pipe is not necessary as the tai 
pipe is large enough to carry off any excess cooling water whicl 
might enter the condenser.
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C H A P T E R  22

Surface Condensers
By definition a surface condenser is: I n  steam  engineering, an  

tfparatus in which exhaust steam  is  reconverted into water by con- 
Mwith cooled surfaces. In  other words: A  device fo r  condensing  
Mom in which the steam  and cooling water do not come into con- 
telMh each other, but are separated by m etal surfaces.

Ques. What name is given to the cooling water and why?

The circulating  water because it  is “circulated” on the 
t̂er side of the cooling surface.

Class 2. Condensers
(Classification)

. As with jet condensers, there are numerous classes of the sur- 
ace type and they may be classed,

' f c T h e s u i & t e  condenser w as first em ployed b y  Jam es W att, bu t w as dis- 
tac r y on account of the cum brous nature of the apparatus, and  its use 
« not revived until 1835.
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1. W ith respect to conditions relating to the cooling medium,
as

a. Keel
b. Inboard (commonly called “surface”)
c. Atmospheric

2. W ith respect to the flow of the steam, as,

a. Cross
b. Radial

3. W ith respect to the flow of the steam and cooling water as,

a. Parallel
b. Counter
c. Return

4. W ith respect to the degree of baffling,

a. For water {two pass

b. For steam

5. W ith respect to the arrangements of the tubes, as

a. Semi dual bank
b. Dual bank
c. Radial

6. W ith respect to the method of circulating the cool®? 
water, as

a. Keel
b. Pump
c. Inductor (scoop)
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7. With respect to the cooling water circuit, as

a. Single
b. Divided

8. With respect to the method of removing the air, as

a. Wet

b. Dry

9- With respect to the pressure in the condenser, as

a. Bastard (atmospheric)
b. Vacuum

10. With respect to which side of the cooling surface the cool
ing water is in contact, as,

a. Standard
b. Water works

h. With respect to the shape of the cooling surface, as, 

a- Tubular
b- Flat (Graham type)

&  With respect to the function of the condenser, as 

a- Main

b- Auxiliary (booster)

18. With respect to regional application, as

a. Marine

b- Stationary (land)
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14. W ith respect to outlets and connections as,

a. Wet
b. Dry

15. W ith respect to the location of the condenser in marine 
practice.

a. Outboard (keel)
b. Inboard ("surface”)

So Called K eel C ondensers.— It  is difficult to und erstand  | 
why this type of condenser was ever called a keel condenser 
unless because of some early faulty installations ignorant!) 
placed low down outside attached to and parallel with the keel. 
As a matter of fact, when properly installed, the inlet to a kee 
condenser is nearer the level of the water line than that of t 
keel. .

B y definition, a keel condenser is: A  type  of marine outboar 

single pass surface condenser attached to the side of the hull mm 
the water line.

Evidently such condenser needs no circulating pump, and owing toth 
unlimited quantity of circulating water and the rapidity of circulation,« ^ 
the motion of the boat, the cooling surface is more efficient than inU1 ¡. 
board type. This is because the rise in temperature of the cooling wa 
very small in comparison with th a t in the inboard type.

The application of keel condensers is to small passenger«- 
sels running in shallow water, launches, tugs and lighters.

Keel condensers may be classed,

1. W ith respect to the internal pressure, as

a. Bastard (atmospheric)
b. Vacuum
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2. With respect to the arrangement of the cooling surface, as

o. Single tube
b. Multi-tube

These condensers consist of a tube (or p ip e ) or several tubes 
parallel attached to the outside of the- hull at an  elevation be- 

tew the water line an d  keel. Steam is exhausted into this assem
bly at one end and the condensate and air removed at the other 
ad, or at the end of a ‘ ‘return’ ’ pipe usually by a wet a ir pum p.

■̂1' Bastard keel condenser. A  makeshift nondescript contraption.

Ques. What is the most difficult problem connected w ith
eel condensers?

Tfts. Drainage.

It must be evident th a t the cooling surface of any condenser must not be 
covered up or submerged under condensate but exposed so th a t the steam 

come in contact w ith it, otherwise the steam will not condense. More- 
°'er the steam must condense and be removed with the liberated air in or- 
er to get a vacuum.

Bastard or Atmospheric K eel Condensers.— B y  definition a 
“'tard condenser is: A  type  of keel condenser w ith  outlet open to
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the atmosphere (hence the nam e  “ atm ospheric” ) and high enough 
to drain  into the hot well, as shown in  fig. 1.

Q u es. W hat is the application of such condensers?

A n s .  They are sometimes fitted to canal boats or o th e r  non
descript vessels.

F ig s . 2 an d  3 .—Ordinary keel condenser made of standard pipe and fi '  ̂
Fig. 2 , assembly on boat; fig. 3, construction details. The exhaust si"?|U, 0! 
piped through the hull at M , very near the water line so that there wil ^ 
much pitch as possible between M and S , as it should be rem em bere 
thorough and quick drainage is very important in keel condensers.

Q u es. W hy?

A n s .  Owing to the ignorance of the owner— in fact such 
makeshift apparatus operating without vacuum  is in excu sa

Q u es. W hat other reason?
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Ans. The frightful fear of some people of spending a couple 
of dollars for an a ir pump.

TO AIR PUMP
fi9s. 4 to 7.—Construction details of keel condenser of the author s steamer 

Stornoway 1. The heads are provided with stuffing boxes for the tubes, 
a™ in addition the forward header has an additional outlet tapped with % 
PjPe to tap for the return to air pump, the return being standard weight brass 
?Pe- A  special elbow with flange for fastening to hull, passes through 
'y planking and is secured on the inside by a washer and nut. The return 
P'Pe is fastened to the elbow by long screw and lock nut joint.

By definition, a vacuum  keel condenser is: A  type o f keel cpn- 
hnser, having tubular condensing surface, a  return p ip e  fo r  the 
condensate, the end o f which connects w ith  a  w et a ir  p u m p .

There are two types: 1, the single pipe as in figs. 2 and 3, and 2, the multi- 
tube type as in figs. 4 to 7.

Vacuum Keel Condensers.— The word vacuum  is here used 
to distinguish this type from bastard condensers; however, 
practically all keel condensers w ork w ith vacuum .
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RETURN L E V E L  (LOW EST POINT)

’Section through author’s steamer Stornoway I , showing faulty 
installation of Iceel condenser. With the necessarily high elevation of the air 
pump the condenser will not drain, hence in operation, the attempt of me 
air pump to produce a vacuum in the condenser is opposed by the resistance 
auetoa column ofwater whose heightequalsthedimension BA. Forexompkr 
if the temperature of condensate be 100° Fahr., the maximum vacuum possible 
IS ~ a , ‘ r̂ther if the column of water in inlet pipe between levels u
and A, be 1 ft., it will offer a resistance of .43 lb. per sq. in. which is equd 
to .87 in., thus reducing the vacuum from 23 to 2 8 - .8 7  = 27.1 3 ins. in the 
condenser. I his vacuum is further reduced by 1, the inefficiency of the pump "> 
friction of the condensate en route to pump, and 3, the non-draining feature 
which causes spasmodic flooding in the return pipe. Hence, in practice, it° 
28 in. vacuum were aimed at under the above conditions, probably not more 
than 24 or 25 ins. would be obtained, and accordingly the importance ol 
arranging the apparatus, as shown in fig. 9 , so as to reduce these losses to a 
minimum. The importance of this is further emphasized by an experience ol 
the author with an independent air pump C (shown in dotted lines) located 
at a nigh level, and connected to the condenser by an inlet line having 
multiplicity of elbows. With this faulty rig only about 1 5 or 16 ins. of vacuum 
could be obtained. Note how this trouble was avoided in the installation 
of Sto rnow ay I I ,  fig. 9.

The single pipe assembly is a  cheap and semi-makeshift outfit but the 
multi-tube design as shown in figs. 4 to  7, represents the finest construction.

Ques. What material should these condensers be made ol?
INDEPENDENT AIR PUMP

IN LET
DIRECT CONNECTED 

AIR PUMP
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¿ins. Copper or brass pipe may be used on vessels running in 
teh water, but if  running in  salt water, copper pipes are per
missible only if the propeller wheel and the ta il shaft w ith its 
faring are made of bronze.

Ques. What w ill happen otherwise?

ZERO  CLEARANCE  
AIR PUMP

PAGE 520)

RETURN

PUMP INLET

A N G L E  F L A N G E
.. (c a s t  i n t e g r a l  w i t h  p u m p )

t^ A u th c r 's  method of getting the air pump inlet below a keel condenser in 
obi • l-6 conc*ensafe will drain into the pump,- an important condition for
tl ain,ln9 high vacuum, and one usually overlooked in most installations.

aiL|pumP instead of being attached to the bed plate, is located at con- 
ikeTll k - er êve  ̂ means of a special casting which projects through 
wh L r  'n9 secured by an outboard flange (forming part of the casting) 
ctth | a tight joint as shown. With this arrangement the inlet valve is
Pro 5 j  St re,urn pipe thus securing the ideal working conditions.

Posed arrangement for author's steamer Sto rnow ay II-

¿ns. Destructive galvanic action w ill take place.

Importance of Drainage.— The keel condenser has several 
Stages for sm all installations: It  is cheap, simple, easily
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installed and needs no circulating pump as the movement of the 
boat through the water takes the place of the pump. Moreover, 
considerably less cooling surface is required than with the in
board type because the rise in temperature of the cooling water 
is relatively very sm all.

Again no room inside the boat is taken up by the apparatus. 
The one necessary and difficult requirement is drainage—fa 
condensate m ust not only dra in  fro m  end to end, but also into Ik 
air p u m p , if  a respectable vacuum  is to be obtained.

Fig. 8 shows an installation in the author’s steamer Stornouay /. Herí 
although the condenser was pitched to drain from end to  end, the air pun1? 
was too high as can be seen in the illustration. The column of water in the 
inlet pipe offered a back pressure corresponding to  the lift from A to B, and 
therefore reduced the vacuum.

An installation with an independent air pump a t a high elevation as at 
C, was worse. Both cases are fully described in the text under the illustra
tions.

In order to  get perfect drainage right into the air pump, and maximum 
vacuum, the author designed for his steamer S tornow ay I I  a semi-out
board air pump as shown in fig. 9. This in some cases is about the only 
way the air pump can be placed low enough. The interior constructions* 
the air pump is of the zero clearance type as shown in detail on page 520-

Scoop Condensers.— B y  definition, a type  of condenser trilh 
a flow  of circulating water induced through an  enclosed chow! 
by the movement of the boat, rather than externally as with 
condenser. The distinction between the two types is shown in 
figs. 10 and 11.

1 he adaptation of the scoop condenser is for fast vessels P2r' 
ticularly on fast yachts and destroyers. The speed of the vessel 
creates enough pressure in entering the scoop to force the water 
through the condenser at a speed comparable with that im
parted by a circulation pump.

Ques. W hat must be provided on these condesners?
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exhaust

SCOOP CONDENSER
KCHARGE'

ENCLOSED CHAM BER

PUMP

4ns. A small circulating pump as shown in  fig. 11.

Ques. What for?

-■ins. To circulate sufficient water through the condenser 
«hen the vessel moves slowly as in port.

Inboard Surface Condensers.— The name inboard  is here 
applied to distinguish the ordinary form of surface condenser 
from the keel or scoop types.

KEEL CONDENSER
• E X T E R N A L  CIRCULATION

AIR PU M P-

SCOOP

COOLING SURFACE— ^  

^INTERNAL CIRCULATION

a u x il ia r y  c ir c u l a t in g  p u m p

10 and  11.—Difference between keel and scoop condensers.

( ^general the surface condenser is that fo rm  in  which the steam  
‘J> condensed is on one side o f the cooling surface and the cooling 
kaler on the other side , as distinguished from the jet, or direct 
c°ntact condenser.
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There are many different types of condenser and they may all 
be classed as either:

1. W et, or
2. D ry.

Both types have in  common,
1. An enclosed chamber, in which' is:
2. The cooling surface.
3. Inlet opening for the steam.
4. Inlet and discharge openings for the circulating water.

F ig . 12.—Single tube standard condenser. In  construction, the tu 
commonly made M inch outside diameter of solid drawn brass tinned on , 
sides. To allow unequal expansion of the shell and tubes screwed gIan s 
stuffing boxes are provided; these are packed with cotton cord or c 0 , us e j  ’¿j 
The tube sheets or plates to which the ends of the tubes are a t ta c h e d  

brass and usually from 1.1 to 1 Yl times the diameter of the tube in 1 
The type of joint determines the thickness. With screwed g la n d s  a  .

plate may be used than when the packing extends through it. Usua 1 
tubes are spaced in a zigzag manner, pitched from 1.5 to 1.7 of theirI 5(g 
on centers. The tubes, plate, ferrules, nuts and washers s h o u l d  be ot 
prevent corrosion. The shell is generally made of cast iron; no wrong 
should be used when the parts are exposed to the distilled water.
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In addition the wet condenser has:

1. A common opening for the discharge of the condensate 
and air. The dry type has:

1. An opening for the discharge of the condensate, and
2. An opening for the discharge of the air.

Typical Wet Condenser Construction.— The typical con
traction will be clear from fig. 12.

In general the steam chamber consists of a cast iron cylinder, to each 
end of which is attached a brass “tube plate” .

To the two tube plates are secured the condenser tubes, generally by 
means of threaded ferrules and packing. Attached to  each tube plate is a 
rater chamber to or from which the condensing water enters or leaves the 
tubes.

To the steam chamber there are two essential openings (three in the dry 
type), one for the admission of the steam to be condensed, and one for the 
discharge or removal of the condensate and air and other non-condensible 
rapors.

Ques. Describe the water and steam flow.

'Ins. In the standard condenser the water flows through the 
tubes while the exhaust steam flows over the outside surface 
°Ithe tubes and is there condensed.

Ques. Describe the flow in the water works type of con
denser.

An$- In this type, the flow is reversed with respect to the 
tubes , that is, the water flows over the outside of the tubes 
"We the steam flows through the tubes, and is condensed 
therein.

The latter type is a special type and is used for the special conditions usu- 
found only in water works pumping stations. These differences are 

w n  in figs. 13 and 14.
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Ques. .For ordinary practice what is the advantage of water 
flow through the tubes and steam flow outside the tubes?

A n s .  In  this arrangement, as shown in  fig. 15, the heat is 
drawn from every direction, indicated by the arrows, and ab
sorbed by the rapidly moving cooling water.

Ques. Explain the advantages of the surface condensera; 
compared with jet condensers.

STANDARD TYPE

tube w a t e r  w o r k s  t y p e

w a t e r s

F igs. 13 an d  14. Standard and wafer works condensers. Note reversal 
steam-water flow arrangement.

A n s .  The surface condenser permits the use of impure of 
salt cooling water in marine practice without bringing santf 
into contact with the condensate, hence the condensate is avail
able for use as boiler feed.

For this reason the only type of condenser th a t can be used for 
service on salt water where the condensate is to  be used as feed water, is1 - 
surface condenser.
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Pumps for Wet Condensers.— The usual assembly of pumps 
for a wet condenser consists of:

1. Wet air pump
2. Circulation pump
3. Steam unit

These are arranged in tandem w ith the steam cylinder be
tween the air and circulating pump all connected to a common

'S', 15.—Section through condenser tube illustrating the action of condenser 
v™  cooling water passing through the tubes and steam outside. The almost 
universal practice is to circulate the water through the tubes as here shown.

P’ston rod. On the top of this assembly is mounted the con
denser as shown in fig. 16.

It must be quite evident th a t this arrangement is not only compact, but 
has the very necessary feature of the condenser so th a t the condensate sim- 
PW drops by gravity into the air pump.

As already explained under Keel Condensers, the latter condition is 
necessary for obtaining the best vacuum within the range of the system.
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DIFFUSION! P L A T E

Dry Condensers.— The dry system is generally used for large 
units. These condensers w ith respect to essential features are the 
ameas the wet type, except for the extra outlet or outlets for 
the dry air pump, and the fact that the condensate outlet or 
outlets need not be as large as in the wet type. The term “ d ry” 
condensers is a misnomer as the condenser inside is anything but 
fry regardless of the type of pump.

Fig. 17 shows a two pass dry type condenser, a type adapted 
to high vacuum.

water _  
DISCHARGE—-* 5 T E A M  V S T E A M  D ISC H A R G E 

EN TR A N C E  ^
'9.17.—Miller double tube condenser (patented in 1869). In  construclion , 
small tubes are placed inside of large ones. The water first passes through 
!"e inner tubes and returns through the outer tubes, and after absorbing the 
"fat from the steam, is discharged into air pump. This type was extensively 
used at onetime, but at present the singlp tube represents the prevailing practice.

Water Works C-ondensers.— These condensers may be de- 
Slted for either wet or dry  operation, depending upon the re
tirements. The essentials of a sm all water works condenser 
are shown in fig. 19.

Ques. How is a water works condenser connected up?

^ s . They may be connected in  either the inlet or discharge 
mes of the main pump, as indicated in figs. 20 and 21.
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Ques. What is the advantage of connecting the condenser 
in the inlet line?

his. It avoids the high pressure in  the discharge line and 
accordingly the condenser itself may be of lighter construction.

Ques. When is it  necessary to connect the condenser in  the 
discharge line?

A!R PUMP IN L E T

fy* 19.— S m a ll water works wet condenser.

dns. When there is no space available for the condenser be
tween the pump and its water supply.

Evaporative Condensers.— In  this type condenser the cooling 
surface is kept cool by the evaporation of the cooling water which 
lssprayed over the outer surfaces of the tubes, the evaporation usu- 

being increased by a fa n  blast.
Less circulating water is used in this type than in  the case of 

surface condensers.
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The condensation takes place and the condensed water and 
air are extracted by auxiliary pumps in the same way as in the 
surface condensers.

Condenser Tubes.— The m aterial for condenser tubes most 
commonly employed is muntz metal for fresh water and ad
m iralty metal for salt water, pure copper being used only for 
exceptional conditions.

ON INLET ON DISCHARGE

Ques. W hat should be considered in selecting the prop3 
metal for the tubes?

A n s .  Cost, life and thermal conductivity.

The thermal conductivity being within a  range of 5%  is ordinarily r* 
ligible.*

* N O T E .— The two metals having the greatest thermal conductivity are s ilv^  
copper. The metals chiefly used for condenser tubes are copper, admiraity ,.r 
(70% copper, 29% zinc and 1% tin) and muntz metal (60% copper an ■, 
zinc). Compared with silver the thermal conductivity of these three la y 
about 90%, 88% and 86% respectively.
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Ques. What is the latest practice w ith respect to tube 
diameter, length and thickness?

't/is. The smallest outside diameter of tube usually employed 
¡5% inch and the largest 1 inch. Lengths run approxim ately 
from 4 to 22 feet. The thickness ordinarily varies from No. 16 
to No. 20 B .w .g .

Ques. Upon what does the thickness of tube depend?

-■ins. Upon the length; the larger the tube the greater its 
Wkness to resist bending between points of support because 

01 the weight of the tube and water w ithin it.

Ques. Why are tubes made No. 18 B .w .g . thickness?

‘'n,s- Because the useful life of a tube usually does not de
pend on its resistance to actual wear and therefore the metal
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thickness is not influenced b y  th is consideration  b u t b y  th e  cost  
of the thicker tu b e m eta l as com pared with, th e  cost o f support
plates.

Tube Plates or Sheets.— These are ordinarily made of muntz 
metal rolled 60% copper and 40%  zinc, or of the adm iralty 
mixture. Sometimes brass is used. The thickness of the sheet 
ranges from 1.1 to V /% tube diameters. Tube plates must be 
well stayed to prevent collapse. They are held to the shell by 
alternate collar bolts.

Ques. How long should  be th e  free or unsupported  len gth  
of tube?

4ns. N ot over 100 tim es th e  outside d iam eter o f th e  tube  
Spending upon th e  tu b e th ick n ess.

Ques. What precaution should  b e ta k en  in  drilling th e  tu b e  
teles in the plates?

4ns. They should b e w ell cham fered so  as to  p rev en t cu t
ting the tubes.

Tube Connections to P la te s .— T here are several m eth od s of  
making tight jo ints b etw een  th e  tu b es and th e  p la tes , as by:

1. Stuffing box
2- Expanding.

Ques. W hat is th e  im portant p o in t to  be considered in  an y  
method?

4ns. Provision for expansion and contraction .

Ques. W hat other requirem ent is essential?

4«s. The jo ints m ust be b oth  w ater and air t ig h t.
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Q u es. Describe the stuffing box method.

4  n s. It  consists in the use of ferrules and packing at both 
ends of each tube, as shown in fig. 23.

The tube plates are bored with a slight clearance for the tubes. They are
then counterbored to provide a shoulder for the packing, and the counter-
bored holes are next threaded for the ferrules.

Ques. How are the tubes installed?

4  n s . Each tube is first put in place in both tube plates then 
the packing inserted and the ferrule screwed on.

The operation is about the same as packing an ordinary stuffing bos.

Q u es. Of what does the packing consist?

4  n s . The standard packing is corset lacing impregnated with 

pure paraffin.

Q u es. W hat other kinds of packing are used?

4 n s .  Fibre and m etallic.

Q u es. W hat trouble is sometimes encountered with pactó 
joints?

4  n s . Creeping of the tubes due to expansion and contraction-

Q u es. W hat prevents the tube from creeping too far?

4  n s . On the inner face of each ferrule is a shoulder as shonn 
in fig. 23, which effectively prevents displacement of the tu < 
but the total length between the shoulders of each pair of fer 
rules is such as to provide ample clearance for the expansion 0- 

the tube when it is heated by the exhaust steam within t - 
condenser.
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Ques. Describe the combined expanded and packed method.

4ns. The tubes may be packed and ferruled at one end only 
and be expanded into plain holes in the tube plate at the other 
end, as shown in fig. 24.

Ques. What are the features of this method?

4ns. It  cuts in  half the number of joints where probable 
leakage may take place.

Ques. Describe a third method of making tube joints.

4 ns. The tubes are sometimes expanded into the tube plates 
at both ends and provision is made for expansion and contrac
tion by placing a suitable expansion joint between one of the 
plates and condenser shell.

Ques. What is a plate w ith this expansion joint called?

4ns. A “floating” plate.

Ques. When is this method used and why?

4ns. When the condensing water is of extremely bad quality 
Krause it reduces chances of joint leakage to a minimum.

This method is quite expensive.

! Tube Support Plates.— In  the larger condenser units the 
length of the shell becomes so long that the weight of each tube 

the water therein causes them to sag unless supported at 
Proper intervals by tube support plates.

These supporting plates are usually of cast iron and should be sPae®4 
about 60 to 70 tube diameters. In no case should the spacing exceed 100
diameters.
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TWO PASS

WATER INLET'

Figs. 25 and  26 .— One and two pass condensers. It should t56. n o te d  

word "pass" relates to the water circuit and not the steam circuit, bteam 
not shown in these diagrams.

The holes should be in. larger than the diameter of the tubes aid 
should be well chamfered to prevent cutting the tubes.

They are usually made of cast iron for merchant vessels or brass or gal
vanized steel for naval vessels.

Water Passes.— Various conditions of operation determine 
the choice of the water circuit in  its passage from inlet to out-

ONE PASS
\ A / A T C  D HI  I T I C T



Surface Condensers 599

let of the condenser. According to the arrangement of the water 
circuit, condensers may be classed as:

1. Single pass

2. Two pass,
etc.

The flow in these two types and method of obtaining it is shown in figs.
25 and 26.

Ques. How does the water flow in the single pass condenser?

ins. It  enters all the condenser tubes from the water entry 
end of the condenser, passes through the tubes to the water 
boxat the other end; and is thence discharged after having been 
heated during its one way passage through the tubes.

Ques. How does the two pass arrangement work?

'ins. The entry water box is divided into two sections. The 
circulating water is admitted to one of these sections, passes to 
the second water box, there enters the remaining tubes, is thus 
«turned to the other section of the entry water box and is 
thence discharged.

Ques. How are more passes obtained in construction?

ins. By dividing the water box into more sections the water 
be made to traverse the condenser any number of times.

Ques. What chiefly determines the number of passes?

in s. The quantity of water available; economy of
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construction of the condenser; terminal temperature of the 
water as related to the desired vacuum.*

Steam Flow.— Similarly with the guidance of the water, the 
flow of steam may be:

1. Single flow
2. Divided (dual) flow
3. Multi-flow
4. Cross flow

SINGLE FLOW
S T E tfM  IN C E T  BAFFLE

/  /  '  r ./  /  /
L  / y  / 1X r  /  '  /
\ /  ^  |

1 F ! C O N D E N SA T E  O U TLET

F ig . 27 .—Single flow condenser. The steam Finds its air path from steam inlsi 
to condensate outlet with result that the condensing process and vacuum 
obtained is not as efficient as might be otherwise. Arrangement sometimes

used on small condensers.

* NOT E.- It  is evident that, other conditions remaining the same, the greatertfe 
quantity of water the ..greater the water velocity. Likewise, and also with otw 
conditions remaining the same, the greater the number of passes into which iw 
tubes are divided the greater the water velocity. Thus the two extremes««*« 
first, of a large water quantity combined with multiple passes, and second, ®' 
small water quantity and a single pass. In  actual practice the tendency is tow 
an average between these two extremes.

N O T E . The waterworks condenser is a good example of the single pass type,*4 
fig. 19. Two pass construction is shown in fig. 18.
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This leading of the steam is obtained by suitable baffles. Some 
of the various arrangements are shown in figs. 27 to 29.

DIVIDED FLO W
STEAM - • BAFFLE

\

^ r -

-1 i . V' <— i
— r i —

----------- t - t\
— H —  
- '

■ CONDENSATE

hg. 28.—Divided flow condenser. Note placement of baffle plate causing 
sleam to flow toward the two ends, then downward and converging toward 
me condensate outlet.

CROSS FLOW
-BA FFLES .

I S

I ; £
STEAM

// / l
T~ I X T

, j —  CONDENSATE

'bv ĥ 'ifL̂ r° SS 0̂W condenser. Evidently any number of lanes may be obtained 
flow 'tk °kiecf °f this arrangement is to completely control the steam
is d L proventing short circuiting. Moreover the accumulation of condensate 

lscnarged to the bottom of the condenser as formed in each alternate lane.
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Ques. How are baffle plates usually attached to the shell? 
Ans. By welding.

Ques. What is the object of the various baffling arrange-
pnte?nients?

A IR  AND S T E A Mp*
ll ! l l T CoL° " ,e r- ,lo w  condenser. In  this a rran g e m e n t the steam flows

' n s " Baffle plates are located and arranged to provide 
and'nSt Ŝ 01̂  c*rcu^ing the steam flow to the air pump outlet 

to ensure the refrigeration of all vapors passing to the air 
PI also to minimize the dripping of condensate from the 

w r tubes to the lower.

results’" ^ hat other Provision is made to assist obtaining these

suit ^ r o u g ^ s  are introduced on the baffle plates leading to
ft« u e channels for draining the collected condensate direct to fte hot well.
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Tube Banks.— In  any assembly of closely spaced tubes, the 
entering steam readily comes into contact with the outer tubes, 
but not so effectively w ith the less accessible tubes near the 
center. T his becomes more pronounced the larger the assembly 
of “bank” of tubes.

Fig* 32 ■— Semi-dual bank surface condenser tube plate arrangement.

Owing to the very large sizes of condensers now being bul 
to avoid this steam flow defect the tubes are arranged in two o. 
more banks with lanes between, rendering the cooling sura
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more accessible to the steam. Of the various arrangements, 
attention is called to

!• Semi-dual bank
2. Dual bank

EXHAUST FROM TURBINE

rigi 3J RETURN FROM HEATERS

0TOngem In?«°!j du? ! banl< surf,a c e  condenser. The  d raw in g  shows the tube 
and a  d e -ae ra tin g  hot w e ll cham ber.

INLET

CONDENSATE p u m p  
i n l e t CONDENSATE PUMP 

INLET



st e a m
1.00' of i/crcury  

■ A 0SC>utC ProSSUto '• 
'79.1 OeQ.-ccs.Fohrenfell

Iji -CONDE^S | | |  
.ill- "72We '̂

CONDENSING V^ATER

00- 1* MrKVf»,

■CONDENSATE— > -CONDENSATE—
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Fig. 34.— D iag ram m atic  cross-section o f a  t y p ic a l ra d ia l flow l q,¥ ®i 
su rface  condenser w ith  pressures an d  tem peratures ind icated  to * 
e x c e lle n t  cond itio n  of o p e ra tio n . N o te  the con den sate  an d  vacuum 
fures an d  the  p a rt ia l a ir  pressure a t  the ou tle t to a ir  pum p.
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BYPASS TO 
REHEATING

CONDENSATE. 
OUTLET

Fig. 37.— C o ndenser d esig ned  for d o u b le  flow  tu rb ine  w here head room P|e'j * 
the use o f a  su itab le  steam  dom e. T h e  steam  from a  modern d o u b le -^  

tu rb ine exhausts in tw o m ore or less d istinct p a ths. The condenser  
sists of: tw o heart-shaped  sections b u ilt  s id e  b y  s id e  into a  single s. 
E ach  section rece ives its steam  from one  o f the  tw o paths of the turbine ex * 
A  sing le  a i r  c o o le r serves both sections. The  c o o le r is o f the multi-pass tyi»

Fig. 38.— T y p ic a l sing le  pass condenser w ith  d iv id e d  w ater boxes 
kw . unit.

for a



Surface Condensers 609

CONDENSATE 
OUTLET

fig, 4oj /- LdssSsaH S ^
ond nii ii ° ss sect'°n  o f h eart sh ap ed  condenser w ith  g rad u a te d  tube  sp ac in g  

mul'ipass a ir co o le r.

Fig. 39.— E xp lo d e d  v ie w  o f th e  ty p e  
condenser o f fig . 4 0 ,  show ing  how  
condensers a re  d iv id e d  in fo  short 
steam  tigh t sections fo r the purpose o f 
co n tro llin g  lo n g itu d in a l d istribu tion  
of steam .

S T E A M  IN L E T
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The proper proportioning of these lanes is very important 
■oobtain efficient working of the condenser.

Ques. How should the tubes be spaced?
Ins. The wider tube spacing in the banks should be adjacent 
»the steam inlet with narrower spacing in the banks adjacent 
to the air outlet.

i'9' 43.—Exterior v iew  o f t y p ic a l tw o pass m arine  condenser.

Ques. Why?
,;*ns' The variation should correspond to the reduction in 

VaPor volume.

Ques. What name is given to the spacing?
•*us. Differential spacing.
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Radial Flow Dual Bank Condensers.—The essential features 
of this arrangement are shown in fig. 34, a type suitable fori® 
installations.

The tubes of the first or colder pass consist of the two lower sectionsc: 
tubes, and the tubes of the second or warmer pass being those of the t® 
upper sections. The symmetrical division of the tubes into two distil 
banks, in the manner indicated and by means of the wide central steam!# 
as shown, serves to produce several very valuable results.

This central steam lane a t  practically all loads gives practically eq©* 
lent pressure and temperatures both a t the exhaust steam inlet and at# 
condensate outlet, and therefore provides a  condensate temperature vey 
nearly if not quite equal to  the vacuum temperature. I t also serves in ere» 
to  substitute two shallow condensers for one deep one and therefore provides 
for extremely good penetration of the steam among the tubes.

Further it furnishes a comparatively short and frictionless path bet«® 
the exhaust steam inlet and the outlet to  air pump.
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C H A P T E R  23

Condenser Auxiliaries
For the proper operation of a condenser various auxiliary 

equipment is required, varying in detail depending upon 
As type of main condenser and requirements.
Any installation (excepting nondescript bastard condensers) 

requires an air pump (ignorantly called “vacuum pum p").
The amount and kind of auxiliary apparatus required will 

depend upon the type of condenser and other considerations. 
Thus the outfit for* a jet condenser is not the same as tha t for 
usurface condenser.

Jet Condenser Auxiliaries
In treating of auxiliaries for jet condensers the two types 

10 be considered are:

1- Low level jet condensers, and
2- High level or barometric condensers.
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Low Level Jet Condenser Auxiliaries.—In this type, the 
main item is a large pump which must remove: 

1. Condensate
2. Injection water
3. Air and non-condensible vapors.

Fig. 1.— L o w  leve l jet condenser connected  to rem oval pum p. In °P ?  
exhau st steam  enters a t  A , an d  the condensing  w ate r a t B. A t  D, 
con e  shaped  sp ra y  n o zz le  connected  w ith the tube C. The water issues i 
the n o zz le  D , in a n  um bre lla  shaped  sheet o r s p ra y , w h ich  strikes the 51 
of the condensing  cham ber F. Thus the steam  must pass through or into 
sp ra y  on entering  cham ber F, w here it is condensed . Tn e  m ixture of con“en,s 
w a te r an d  condensed  steam  descends through the contracted  lower end o ■ 
condensing  ch am ber F, in a  so lid  stream , w hich  insures a n y  remaining W  
be ing  condensed , thence into the in le t of the pum p, w hich  discharges the 
through the va lve s  T  an d  opening  J , into  the hot w e ll . In addition to 
ch arg in g  the m ixture of condensed  steam  an d  w ate r, the pump removes » 
a ir  th at m ay  enter in the in jection  w ate r o r through le a k s . The pump also' 
the in je c tio n  w ate r used for condensing  the steam , the greatest ""  A  
g e n e ra lly  tw en ty  feet. A t  E , is a  hand  w h ee l w ith  a  long stem connec 
the m o vab le  cone D, an d  b y  turning this w h e e l, the am ount of injection
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The proper name for this pump to distinguish it from the 
wet air pump of a surface condenser is removal pump, in fact 
it has a lot to remove. 

The air which must be removed from a je t condenser is 
much greater in quantity than th a t which m ust be removed 
irom

— Exterior v ie w  o f lo w  leve l ve rt ica l c y lin d e r  jet condenser w ith  motor 
f,ven removal pum p an d  a ir  e jec to r.

frg. I—Text continued.
^Qy be regulated to suit the requirem ents. In case  the pum p s lo w  dow n an d  
tf^k 9 Wa*er a ccu m u la tin g  in the condensing  ch am b er F, w ill g ra d u a lly  
‘»i the float G , an d  as the  flo a t rises, it in turn opens the a i r  v a lv e  H , ad m itting  
Qlrto the exhaust p ip e  an d  e n g in e  c y lin d e r , thus b re ak in g  the vacu u m . Th is 
equalizes the pressure in the condensing  ch am b er a n d  stops the  flow  o f the 
Ejection water.
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¡9.4. Flow d iag ram  o f e je c to r je t ba ro m etric  condenser.
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The removal pump may be either of the reciprocating or 
centrifugal type.

Fig. 1 shows a low level je t condenser unit, the condenser and removal 
pump. Note the large size of the pump.

F i g 2 shows outside appearance of a  vertical cylindrical design with elec
tric driven centrifugal removal pump and separate air ejector.

A typical hook up for a steam engine installation with low level jet con
denser equipment is shown in fig. 3.

High Level or Barometric Condenser Auxiliaries.—This type 
condenser requires no removal pump  as gravity does the work 
in the long tail pipe. There are numerous types, the auxiliaries 
varying chiefly in the method of getting rid of the air and 
method of obtaining the amount of vacuum required.

The simplest type known as the ejector parallel flow con
denser requires no pumps, the condenser itself being virtually 
a pump. This design is shown in fig. 4. The service application 
of this condenser is definitely limited to  installations where:

1. The water contains no debris which would clog the water 
nozzles (strainer must be used ahead of condenser if the water 
be dirty).

N O T E .—-W hen  to  u se  a  S te a m -Je t E je c to r  o r a  R ec ip ro ca tin g  D ry  Air Pu®P: 
S team  J e t  E je c to rs  a n d  rec ip ro c a tin g  d ry  a ir  p u m p s each  h a v e  definite fields o* 
ap p lica tio n . In  general, s te am  je t  e jec to rs  a re  S e tte r  su ite d  to  handling large vol
um es a t  h igh  v a cu u m  w hile rec ip ro ca tin g  p u m p s a re  m o re  su ita b le  for large volumes 
a t  low  v&cuum (28 in . o r less). E je c to rs  w ill a lso  h a n d le  d ir ty ,  w e t, or dry mixtures 
c o n ta in in g  s tic k y  o r  so lid  m a te ria ls  such  a s  d u s t  o r  chaff, w hile  reciprocating pumg 
shou ld  b& used  on ly  w hen h a n d lin g  clean  d ry  a ir  o r gas . E je c to rs  can  also 
o f su ita b le  m a te ria ls  to  h an d le  corrosive  gases, a n d  a c c id e n ta l entrainmentofliQ111“ 
will n o t d am ag e  a n  e jec to r . In  som e processes i t  is o ften  m o re  economical to usea 
co m b in a tio n  o f  b o th  ty p es . T h e  co s t an d  av a ila b ility  o f s te am  an d  electricity a-9 
e n te rs  in to  th e  selection  of th e  m o st su ita b le  ty p e  o f v acu u m  p u m p .

N O l  E .— A ste am  je t  e jec to r is a  sim ple a n d  re liab le  dev ice  for r e m o v i n g  air an 
non-condensib les from  condensers a s  well a s  from  vacu u m  cham bers in industrial 
p rocesses.

N O T E .— W hen  se rv ing  b a ro m etric  co n densers c ith e r  single stage or 
e jec to rs  a re  u sed , depen d in g  u p o n  th e  v acu u m  a n d  o p e ra tin g  requirements. ûig 
sta g e  u n its  can  b e  m o u n ted  an y w h ere  b etw een  th e  to p  o f th e  condenser and w  
h o t  w ell.
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%  5.— Single stage e jec to r. Th is ty p e  has a  lim ited  ra tio  o f com pression .

3; jh—Single stage e je c to r w ith  a fte r condenser. A  s in g le -stag e  e jec to r 
Khargmg ¡nf0 an  afte r-con den ser w h ich  condenses the o p era tin g  steam  

t a n a  vapor if a n y ) an d  a llo w s  the n on-co nd ensib les to e scap e  to atm osphere , 
‘^-condensers can  be  a p p lie d  to  the d isch arg e  of a n y  e je c to r, w hether 

n9ie- or multi-stage or m u ltip le  e lem en t.

{• y  y
5̂ 1̂  Single stage e je c to r w ith  p re -co o le r. W h e n  the m ixtu re  h a n d le d  b y  the 
°Vail°K|COntainS v a P ° rs w h ich  can  b e  condensed  a t  o p e ra tin g  vacuum  and  
l0 ,ej  water tem perature , a  p re -co o le r can  be  used a h e a d  of the e jec to r 
ondt)UCe weight o f the m ixture h a n d le d  b y  the e je c to r. It reduces the s ize  

eam consumption o f the e jec to r.
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2. The quantity of air or non-condensible gases going to the 
condenser with the steam is relatively low.

This condenser is admirably suited to serve turbines, vacuum pass, 
evaporators or steam engines where the air or non-condensibles are irt 
excessive (nominally 20 to 40 lb ./h r.)

Water a t atmospheric pressure or slightly higher enters near the top of 
the condenser and is injected into the steam space through a number of 
efficient hydraulic nozzles, forming high-velocity streams or jets of w ater 
which converge in a throat piece a t the bottom.

As the steam is condensed, air and non-condensible gases are entrains- 
by the converging streams and carried to the throat piece, where the kinett 
energy of the high-velocity jets is converted into pressure, compressingU 
non-condensibles and ejecting the mixture through the tail pipe into an ope- 
hot well. Here the air and non-condensibles are released to  atmosphere, ra* 
the circulating water and condensed vapors flow to waste.

Steam Jet Ejectors.—They are adapted to service uilffl 
relatively large quantities of condensible vapors can be condens» 
in the precooler ahead of the ejector, thereby reducing the load 
on the ejector.

Steam jet ejectors and reciprocating dry air pumps each have detoe 
fields of application.

Ques. In general what is the application of steam /- 
ejectors?

,4 ns. They are especially suited for handling large volume5 
a t low vacuum (28 ins. or less).

Ejector Arrangements.—There are many methods of arrang 
ing ejectors in combination with pre-coolers, i n t e r -condense 
after-condensers, etc. The essentials of the various hook up> 
are shown in figs. 5 to 14.
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% 8<—Two stage non-condensing  e je c to r . Fo r g re a te r ra tio s o f com pression 
fhigher vacuum) than a re  a t ta in a b le  w ith a  s in g le  e je c to r , tw o  e jec to r elem ents 
ran be operated in series or stag es. In its sim plest form  the p r im a ry  d isch a rg es 
meetly into the se co n d a ry . Such a  tw o-stage  non-condensing  e je c to r is 
necessarily rather u neco n o m ica l in steam  consum ption  b e ca u se  the se co n d a ry  

to handle a l l  the p rim a ry  o p era tin g  steam  in  a d d it io n  to  the non-con- 
aensibles and vapors.

'?• 9.—Two stage condensing  e je c to r . U s u a lly  an  in tercondenser is inserted 
oetween stages to condense the  o p eratin g  steam  used b y  the p reced ing  s tag e , 
■ereby reducing the lo a d , s ize  an d  steam  consum ption o f the  fo llo w in g  s tag e .

-
- h

1 )} i * !
—►

J L X r b — !
vjp0 ' w°  s,ag e  condensing  e je c to r w ith  p re -co o le r . W h e n  a  portion  o f the 
ling v en,er'ng , " e P rim a ry  of a  tw o-stage  e je c to r can  b e  con den sed  a t  opera- 
^ ^ 7 , "  and a v a ila b le  w a te r tem peratu re , a  p re -co o le r can  b e  a p p lie d  

°t the prim ary to reduce the s ize  an d  steam  consum ption  o f the  e je c to r.
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Fig. 11.— Three stag e  n on-condensing  e je c to r . Fo r s t ill h igher vacuums {lo»if 
in le t pressures) than a re  e c o n o m ic a lly  a tta in a b le  w ith  a  two-stage eject-: 
three e je c to r e lem ents can  be  o p era ted  in series. T h is  is the simplest but le:» 
e co n o m ica l th ree-stage e je c to r . S team  consum ption is re la t iv e ly  high because 
o p era tin g  steam  is not condensed  betw een  stag es.

Fig. 12.— Three stag e  e je c to r w ith  n on-condensing  first stage. When coo&J 
w ate r tem peratures a re  to o  high to perm it condensing  out ‘’ P e r^ ^ o s 'i
betw een booster an d  second  stages o f a  thn je-stag e  e jector, the - 
stag e  op erates non-condensing  a n d  d isch arg es d ire c t ly  into a  s l a n d e r  

stag e  condensing  unit.

Fig. 13.— Th ree  stag e  condensing  e je c to r . W h en  operating c° ^ {
co o lin g  w a te r tem perature  perm it in tercondensers between a .¡0„ |j|js
three-stage e je c to r , the unit is m ore e co n o m ica l in steam cons 
e ither of the a rrangem ents shown in figs. 11 an d  1 2 .
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Single Stage Ejectors.—The combination of a single stage 
ejector with a pre-cooler and after-cooler is shown in fig. 15. 

Two Stage Ejectors.—The method of connecting these 
ejectors with barometric inter-condensers is shown in figs. 18 
and 19.

The type shown in fig. 18 uses a small quantity of cooling water in multi
pass, counter-current flow, which comes in direct contact with, and con
denses, the operating steam from the primary ejector.

9' 14.— M ultip le  e lem ent e jec to rs . Fo r g rea te r f le x ib il it y  in o p e ra t io n , the 
elector elements m ak ing  up s ing le- o r m u ltip le -s tag e  e jec to rs can  be  p a ra lle le d . 
->uch paralle ling is know n as m u ltip le  e lem ents ( i .e .  s in g le -e le m e n t, tw in- 
elément, trip le-e lem ent, e tc .)

. The inter-condenser is of non-clogging type and will operate on dirty cool- 
water without strainers.

Operating steam from the second-stage ejector can be condensed under 
the overflow in the hot well as shown, or in! a separate after condenser, 
similar to the inter-condenser, when, non-condensibles must be recovered.

The arrangement shown in fig. 19 is suitable for larger capacities.

The design of the inter-condenser is multi-pass counter-flow 
• J t e to  fig. 18, except for the method of water distribution 

lCh is of the disc flow used in counter-current barometric
condensers.
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AIR-VAPOR
INLET PRECOOLER

-

H J  j  DRAIN' TO VACl/l'M

operating steam

SINGLE-STAGE EJECTOR

ATMOSPHERE ATMOSPHERE

F ig -  1 5 .— F lo w  d iag ram  of sing le -stag e  e je c to r w ith  M S P  surface precooler a"'3 
a ftercondenser unit.

F i g .  1 6 .— E x te r io r  v ie w  o f tw in e lem ent e je c to r on p re co o le r and after con 
d enser unit.

cook: ¿ATOMS

AFTERCONDENSER

i
6 : ----V I

-
7 !

v— ► i

8 i — rv  .
i
i

ÇOOUHG I 
WATER CUT}
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An application of two stage ejectors with surface inter- and 
#r- condensers is shown in figs. 20 and 21.

This hook up is suitable for installations where the mixing of the cooling 
rater and condensate is undesirable. W ater and vapor flow is multi-pass to  
insure minimum steam and cooling water consumption.

A combination of two stage ejectors with surface pre-cooler 
Mler- and tz/fer-condensers is shown in figs. 22 and 23.

^ross 5ect'on ° f  su rface  p re -co o le r a n d  a fte r condenser unit. Th e  
umbers correspond to  lik e  num bers in fig . 1 5 .

i  apor-condensing capacity of the precooler increases the effective air- 
'apor-removal capacity of the two-stage ejector several hundred per cent, 
, making it much more economical in steam consumption than a two- 
s Rector having the same total air vapor capacity, but w ithout the pre-
raoler. In other words, the cooling water in the pre-cooler condenses prac- 

, h  a" the vapors in the air vapor mixture so th a t the ejector removes 
n‘y nori-condensibles.
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AiRAAPOR 
INLET I

OPERATING 
S T E A M  -

GOOONS WATER. 
IN LET

SEC0ND*5TASE 
EJECTOR sIRST-STAGE

EJECTOR

iNJERCtiflCENSER

A: R AND STEAM 
DISCHARGE TO 

\ATM 05PHERE

COOLING WATER OUTLET

T A IL  P IP E  —
30 FT  M!M,

HOT W ELL

Fig. 18.— Flo w  d iag ram  o f tw o stag e  e je c to r w ith  d irect contact barome 
inter condenser.
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ln,er condenser.
tw o stag e  e jec to r w ith  d ire c t co n tac t barom etric
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AIR.VAPOR
INLET

FIRST-STAGE EJECTOR

INTERCONDENSER

DRAIN TO VAGWSECOND.STAGE EJECTOR

A^ERCONDENSER
lOOLING

WATER
-OUT

• VENT TO 
ATMOSPHERE

- OPERATING STEAM

OPERATING STEAM

I ORAiN TO 
ATMOSPHERE

" ig . 2 0 .— F lo w  d iag ram  of tw o stag e  e jec to r an d  su rface  inter- and after con
denser unit.

O O O

O O O O O O
O O Oo  o  o  o zzz
O O O
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F ig .  2 1 .— Cross section of su rface  in ter a n d  a fte r condenser unit. The nun'te* 
correspond to  s im ila r num bers in fig . 2 0 .
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Three Stage Ejectors.—For higher vacuums than  are 
econ°mically attainable with a two stage ejector, a third or
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The pre-cooler, inter-condenser and after-condenser are built in a single 
shell. Inter-compartment leakage is prevented by bolting tube sheets to wide 
flanges on the partitions with collar studs and bolts.

High temperature gasket material is used throughout.
Water boxes in all sizes are provided with removable covers for easy 

access to tube ends.
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booster stage can be added. The temperature of cooling water 
limits the vacuum obtainable in any condenser. Therefore 
processes where large quantities of vapors must be condensed 
a t high vacuums necessitate the use of a vacuum booster.
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F i g .  2 3  •— Cross section  of su rface  p re -co o le r , in te r an d  afte r condenser unit. 

The  numbers correspond to  s im ila r  num bers in  fig . 2 2 .

The function of the vacuum booster is to compress the con- 
densible and non-condensible vapors to a lower vacuum u’heu 
the vapors can be condensed with the water temperature availed

In other words, the conder.sible and non-condensible vapors plus ^  
booster operating steam are delivered to  the booster condenser where 
condensible vapors are removed. The non-condensibles are removed ire.- 
the booster condenser by a standard two-stage ejector.
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LIST OF PARTS
(FOR FIG . 25)

1. A tm o sp h eric  re lie f  valve

2. E xpansion  jo in t

3. G a te  valve

4. C irc u la tin g  w a te r  d isch a rg e  fro m  m a in  c o n d en se r

5. C o n d en sa te  f ro m  c o n d e n s e r  to  c o n d e n s a te  p u m p

6. C heck valve

7. C o n d en sa te  f ro m  c o n d e n s a te  p u m p  to  in te rm e d ia te  a n d  a f te r  
con d en se r

8. C o n d en sa te  fro m  in te rm e d ia te  a n d  a f te r  c o n d e n se rs

9. C o n d en sa te  l in e  to  h e a te r s

10. C o n d en sa te  r e c ir c u la t in g  l in e  to  m a in  c o n d en se r  

31» C o n d en sa te  c o n tro l  fo r  r e c irc u la t in g  lin e

12. V ent fro m  c o n tro l  valve f lo a t  c h a m b e r

13. C o n d en sa te  l in e  to  c o n tro l  valve f lo a t  c h a m b e r

14. V ent fro m  c o n d e n s a te  p u m p  to  m a in  c o n d e n s e r

15. Air rem ova l l in e  f ro m  m a in  c o n d e n s e r  to  f i r s t  s ta g e  e je c to rs  

10* Air e je c to rs  (f irs t s tag e )

17. Air e je c to rs  (second  stag e )

18. S top  valve (s te am )

19. T h ro ttle  valve (s team )

20. S team  S tr a in e r

21. S team  p re s su re  g au g e

22. In te rm e d ia te  c o n d e n s e r  c o n d e n s a te  d ra in  loop

23. A fter c o n d en se r  c o n d e n s a te  d ra in  d r ip p in g

24. A fter c o n d en se r  d ra in e r

25. A fter c o n d en se r  d ra in e r  f lo a t  c h a m b e r  p ip in g  

25. A fter c o n d en se r  d ra in e r  f lo a t  c h a m b e r  v e n t

27. In te rm e d ia te  a n d  a f te r  c o n d e n s a te  r e tu r n  to  m a in  c o n d e n s e r

28. M ain c o n d en se r  s u p p o r t  sp rin g s .

29. M ain c o n d en se r  s p r in g  s u p p o r t .
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In some high vacuum processes where only non-condensibles are re
moved, the function of the vacuum booster is the same, but the boosli 
condenser removes only the booster operating steam.

An arrangement of three stage ejector is shown in fig. 24.
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CHAPTER 24

Condensers; Operation
In the operation of condensers, certain rules must be followed 

in starting an engine or turbine. The proper procedure will de
pend upon the type of condenser, whether independent or direct 
connected engine driven pumps are used; the conditions being 
Quite different depending upon how the air pump is driven;

Keel Condenser; Engine Driven Pump.—This combination 
although only used on small boats, requires the greatest care in 
starting with cold engine. The keel condenser requires the least 
amount of cooling water because of the unlimited supply. This 
kcause the steam enters on the inside of the tubes there is no 
shell. Hence this type of condenser has the least volume and is 

liable to be flooded.

Since the air pump works only when the main engine runs, in starting 
after warming up the engine with by pass steam it should be worked back 

forth very carefully because if the exhaust and condenser be flooded with 
®ndensate, serious damage may result if the engine be turned over too fast, 
this relates especially to  some faulty installations not having a relief valve.

en with a relief valve too much dependence should not be placed on 
same to clear condenser of condensate quick enough to  prevent damage.

If will take some time of careful control of engine for the air 
P*ip to clear the condenser of condensate.

During this procedure watch the vacuum gauge, and do not bring engine 
“pt0 sPecd until a full steady vacuum is obtained.
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If an independent pump be used, no such extreme precauti® 
is necessary because an independent pump is star ted. before the 
engine, and pumps all the condensate out of the condenser 
making a vacuum available in starting the main engine.

Jet Condensers
Starting; Jet Condensing.—In the jet condenser, the air 

pump removes not only the air but the circulating water and 
condensate, hence it must be evident th a t if the pump do not 
remove the water from the condenser as fast as it comes in, the 
apparatus will quickly flood, unless the vacuum be broken by 
the proper working of an automatic device provided for that 
purpose, and back up into the engine cylinder causing serious 
damage. Hence in starting je t condensing, great precautions 
should be taken th a t the water does not reach the cylinder.

In starting a je t condensing engine, care should be taken to 
follow certain rules, to  prevent water entering the cylinderwp 
its attendant dangers.

There are two methds of procedure, depending upon whether 
the engine have:

1. An independent air pump; or,
2. A direct driven air pump

Ques. W hat is the procedure in starting with an independent 
air pump?

An«. The injection valve is opened slightly and the air pump 
started  to  its normal speed.

Ques. W hat i s  done when t h e  vacuum is  established s- 

indicated b y  the gauge?
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Ans. The engine is wanned up in the normal manner and 
started.

Ques. How is the vacuum controlled as the engine is brought 
up to speed?
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A ns. The injection valve is regulated so th a t the supply of 
cooling water will be sufficient to  condense the steam otherwise 
the vacuum will fall.

Ques. W hat precaution should be taken when increasing the 
amount of cooling water?

,4 ns. Care should be taken th a t the air pump is running last 
enough to take care of all the water admitted.

Ques. How does the engineer know when the proper supply 
of cooling water has been admitted?

,4ns. He is guided by the vacuum gauge.
As the injection valve is being opened, the vacüum will increase uptoi 

certain point after which any additional opening of the valve will not in
crease the vacuum. This indicates th a t the pump is receiving all the m® 
it can handle, and any excess would tend to flood thecondenser. Thcconiv»̂  
should, not be operated with the injection valve opened to this extent, but show 
be closed a half tu rn  or so, or until the vacuum begins to fall to guard again* 
exceeding the capacity of the pump.

Ques. How is a high vacuum obtained?
A ns. The speed of the pump must be increased s u f f i c i e n t  to 

handle the larger amount of cooling water required for ® 
higher vacuum.

Ques. Why should a steam by pass be fitted to the exhaust 

at the engine?
A ns. To facilitate the formation of a vacuum by blow115? 

out the air and priming the condenser with steam.
This method is especially helpful where the supply of cooling water is® 

a lower level than the condenser.

Ques. W hat is the procedure in starting an enging having3 
direct connected air pump?
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4ns. The cylinder is first warmed, and the engine set in 
motion before opening the injection valve. This allows the 
condenser to fill with steam which displaces the air. As soon 
asthe engine is in motion the injection valve is slightly opened, 
the full supply of cooling water being not adm itted until the 
normal speed has been reached.

CORLISS EN G IN E

?■ —Engine with direct connected power pump. A s  p ip ed , a  water heater 
'i placed between the engine and jet condenser, the latter being attached 
,0 )ne pump. M ain  pumps as designed b y  the author for c ity  water works.

Ques. What is the reason for not admitting the full supply of 
“ttling water until the engine has been brought up to speed?

4ns. The air pump being direct connected, the speed will 
'ary with that of the engine and while the engine is running 
dowdy, the pump displacement would not be sufficient for the 
full supply of cooling water. The condenser under these con
ditions might flood and the water back up into the cylinder.

Starting with Barometric or Siphon Condenser.—Since in this 
^angement the hot well is located 34 feet below the condenser
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CONDENSING 
WATER

 ___ , OVERFLOW
H O T W E L L - t f c - -  '  I

Fig. 3.— B arom etric condenser in sta lla t io n  w ith  ind ependent a ir  pump. 
le v e l o f  the in jectio n  w ate r be  not m ore than s a y  2 0  fee t before the con13 . 
in le t , the condenser w il l s iphon the w a te r ove r a s  soon a s  a  vacuunji is18 
in it  a n d  the pum p m a y  be  d ispensed  w ith . A s  2 0  fe e t is about the li 
w h ich  w a te r m a y  be  co n tin uo usly  lifted  b y  the s iphoning  action it I 
th a t w hen the w a fe r su p p ly  is m ore than 2 0  fee t b e lo w  the condenseo a if0"ir 
must be  used a s  show n. Th is a rrang em ent is som etim es modified by v  
sertion o f a  ta n k , shown in dotted  lin e s , a t  ab o u t the lo w er lim it of the si. -
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no air pump is required to  remove the condensed steam and 
cooling water. Hence, there is no way in which water can get 
into the engine cylinder unless it be allowed to accumulate in 
the pocket formed by the exhaust pipe, and not even then unless 
atmospheric pressure be admitted to the exhaust pipes through 
the uncovering of the water supply or discharge pipes; a proper 
tain will protect the exhaust pipe. Accordingly, starting with 
a siphon (barometric) condenser is accompanied by no such 
danger, as with a je t condenser.

Ques. What is the procedure in starting?

Ans. Open exhaust pipe drain, warm engine and work the 
'rater out of the cylinder; this will prime the exhaust pipe with 
taam and cause the relief valve to open allowing steam to 
ĉape into the atmosphere.

Since a vacuum must be formed before the condenser will siphon cooling 
'rater; open the starting or priming valve which admits water to the dis
charge pipe, and in falling through it, draws out the air, closing the relief 
valve and forming enough vacuum in the upper pipes and condenser 
to draw the injection water up to  the condenser.

The starting valve would now be closed and the water supply adjusted 
by the injection valve, being guided by the vacuum gauge.

The barometric condenser, pump and connections are shown 
in fig. 3.

Starting with Exhaust Steam Induction Condenser.—When 
tacondensing water is under a head, turn  on the cooling water 
and when a vacuum is formed, start the engine.

continued.
is convenient w here a  s in g le  actio n  or s in g le  c y lin d e r  ta n k  pum p is used to 

"t the water, since such pum p g ives a  more o r less interm ittent f lo w , w hereas 
a Practically constant flow  is requ ired  b y  the condenser. In the tan k  a rra n g e 
ment, the pump d ischarges in te rm itten tly  into  th e ta n k a n d th e  condenser siphons
continuously from the ta n k .
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5 T E A M  OR WATEft I 
P R E 5S U R E JE T  J

E N G IN E  
EXHAUST 
. P IP E 'AUTOMATIC-

VALVE

D R IP

HOT W ELL INJECTION
SUPPLY

D IS C H A R G E

FOOT VALVE
.STRA IN «

Fig. 4.— E xh au st steam  induction  condenser. In operation, exhaust s 
enters th rough  the v a lv e  E ,  an d  passes through the in c lin ed  perforations 
the ce n tra l tube  T ,  a s  shown b y  the  a rrow s. O w in g  to the ve loc ity  of its m ^ 
m ent th e  a i r  in  the condenser an d  the in jectio n  p ip e  is d raw n out with it, an 
atm o sp heric  pressure on the in je c tio n  su p p ly  forces the condensing ^  
up th rough  the  p ip e  a n d  in to  the  tube T ,  a s  sh ow n . The  exhaust steam I 
densed  b y  th is w a te r  an d  a  vacuum  is le ft in the condenser and exij<?LS 05a3 
The  o rig in a l v e lo c ity  w ith  w h ich  the w a te r en tered  the condenser and the 
v e lo c ity  d ue  to  th e  e xh au st steam  e n a b le  the  m ing led  steam and w 
overcom e the a tm osheric  pressure on the d isch a rg e  end and pass>° 
the h o t w e ll , just a s  the  w a te r from the in je c to r overcom es the resl, ve|ociiy 
to fric tio n  an d  pressure an d  passes in to  the b o ile r . E v id e n tly  the'1 * j  „¡¡nj 
o f the d isch a rg e  is su ffic ien t to  d raw  out the a ir  a n d  to  get rid o f.1* , con seofo 
w a te r an d  condensed  ste am ; so that no a i r  pum p is required as in the c  ̂
je t o r su rface  con den ser, no r a  3 4 -fo o t “ t a i l "  co lum n , as in * , un()et
siphon  condenser. To start engine: W h e n  the condensing water



Condensers; Operation 643

'9' 5.—’Standard arrangem ent o f  an  ed ucto r con den ser an d  va lve s .

■̂4- text continued.

Up̂ thê  ,U-n °  u /L e conclens!ng w ate r an d  w hen a  vacuum  is fo rm ed , start 
P'essur e"9(lne'i -en co n d ensing  w a te r must be li f te d , open  the steam  or 
The 0[  ̂ ,e ; . va 've lr an d  a s  soon as  this has lifte d  the w a te r start the e n g in e , 
'seiches th 0 j  condenser w il l b eg in  as  soon as the e n g in e  exh au st 
lumedoff I c? nd? nser ancl when the vacuum  is form ed the lift in g  ¡e t m a y  be 
dense[ ¡¡I n Cutting d ow n , stop the e n g ine  first, w hen the o p era tio n  o f  the con- 
W under ChQS J  condensing  w ate r b e  under a  l i f t ; if  the w ate r su p p ly  
supply p'j a d- stoP *‘le en g ine  first an d  then shut the v a lv e  in the w ate r
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When the cooling water must be lifted, open the steam or 
pressure jet valve, and as soon as this has lifted the water, start 
the engine.

The operation of the condenser will begin as soon as the engine 
exhaust reaches the condenser and when the vacuum is formed, 
the lifting jet may be turned off.

Eductor 
Condenser

In shutting down, stop the engine first, when the operation of the con 
denser will cease if the condensing water be under lift; if the water suppc 
be under a head, stop the engine first and then shut the valve in the "a 
supply pipe.

Fig. 4 shows an exhaust steam induction condenser and con
nections.

condenser co nnected  to  vacuum  k e ttle .
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Surface Condenser with Steam Jet Air Pump.—The increas
ing demand for high vacuum and large air and vapor capacities 
in power plants and the process industries, has brought about 
the development of the steam jet air pump to its present state 
of high efficiency.

This development went hand in hand with the'need for greater economy 
in the generation of power and the development of new.manufacturing proc
esses based on high vacuum, which have gradually led to  important changes 
and improvements in the type and design of air pumps.

When properly designed and installed the steam jet air pump 
offers a most compact, reliable and economical m e a n s  o f  produc
ing and maintaining high vacuum. 

There are numerous systems or hook-ups of steam jet air 
pumps with inter-after-condensers, etc., and they may be 
classed as: 

1. Single stage air pump.
Where the entire compression is accomplished in a single dfffuser.

2. Two stage steam jet air pump.
Where the total compression is accomplished by means of two e x h a u s te r s  

operating in series.

a. W ith  je t  in ter-co n d en ser a n d  b a ro m e tric  colum n.
b. W ith  je t- in te r-co n d en se r a n d  rem o v al p u m p .
c. W ith  je t  in te r-  a n d  afte r-co n d en ser.
d. W ith  su rface  in te r-  a n d  a fte r-co n d en ser.
c. W ith o u t in te r-  o r  after-co n d en ser.

3. Three stage steam jet air pump.

Where the total compression is accomplished by three exhausters oper
ating in series. Inter-condensers to be selected same as under 2.

4. Four stage steam jet air pump.
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Where the total compression is accomplished by two steam jet boosters 
in series with booster condenser and a two-stage arrangement of high and 
low vacuum exhausters with inter-condensers and after-condensers where 
specified. These condensers to be either of the jet or surface type according 
to requirements.

5. Vacuum booster.

Operating with:
o. B a rom etric  condenser a n d  s te am  je t  a ir  p u m p .

b. W ith  b a ro m e tric  m u lti- je t condenser.

c. W ith  su rface  condenser a n d  s te am  je t  a ir  p u m p .

6. Hydro-steam air pump.

Consisting of steam jet exhauster operating in series with a water jet 
exhauster.

Two Stage Systems.—Where a barometric installation of the 
two stage air pump is impractical due to lack of head room, a 
id type inter-condenser can still be used by installing a cen
trifugal removal pump to  take the place of the barometric tail 
Pipe and discharge the injection water and condensate against 
atmospheric or higher pressures as shown in fig. 8.

This pump, usually motor driven, has to be specially designed 
Md provided with water sealed stuffing boxes and vents for 
operating against high vacuum. A submergence of not less than 
* ft- (between the outlet flange of condenser and center line of 
Pump shaft) is advisable to insure stable operation.

To protect the equipment against flooding, a liquid level controller is 
usually installed in the lower part of the condenser body operating a suitable 
valve in the water supply line.

Figs. 9 and 10 show a duplex two stage steam jet air pump 
Wlth surface type inter and after condensers.
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In this arrangement there are two primary steam jets and two secondary 
steam jets each connected to a common steam supply line and each dis
charging into the combined inter and after condenser. This duplex amuse
ment of primary and secondary steam jets, permits operating both halves 
in parallel when large quantities of air or vapors are to be handled.

When operating a t reduced capacity one of the primary jets and onecf 
the secondary jets can be closed down, the remaining set handling all the ah 
and working as a standard two stage machine.

Fig. 8.— Tw o  stag e  steam  je t a i r  pum ps w ith  je t in te r condenser and remove 
pum p.
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The use of valves to shut off the idle primary and secondary jets alio*": 
these sections to  be opened up for inspection without interfering with the 
operation of the other sections which are in service.

Condensate from the main condenser can be used as the cooling medius 
in the inter and after condensers. The inter condenser is also provided with 
connections for raw water.

Duplex two stage air pumps are recommended where the quantities of 
air to be handled or the vacua required vary over wide ranges or where the 
duplex arrangement is needed to  insure continuous operation.
Three Stage Systems.—To meet the demand for vacua be

yond the range of the two stage hydro steam air pump, that is,

Fig. 11. H y d ro  steam  two stage a ir  pum p. In th is a rrangem ent the inter con 
denser an d  second  stage vacuum  pum p a re  com b in ed  in one w ater jet macniw 
o p eratin g  on the e je c to r p r in c ip le . The first stage is a  steam  jet. The secondary 
stag e  is a  m u lti-nozz le  w a te r je t exh au ste r w h ich  not o n ly  condenses thesteanj 
from the first stage but a lso  entra ins this con den sate  a lo n g  with the air ana 
non-co nd ensib le  vapors from the first s tag e , d isch arg in g  the mixture at atmos
p heric  pressure. The second  stage m ach in e  op erates on the same princ'F 
as the w e ll know n m ulti- je t condenser.
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above 5 m/m  Hg. absolute, a three stage arrangement of the 
hydro steam air pump is recommended with two steam jet 
condensers operating in series and discharging into a water jet 
exhauster as in fig. 12, serving both as condenser for the actu
ating steam and as a compressor for the non-condensible gases, 
operating against atmospheric pressure.

There are many manufacturing processes where steam mixed with large
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In these installations the steam must be handled as vapor along with the 
other gases, as no pre-condensers are used. For this service the three stage 
steam je t evacuator shown in fig. 13 is recommended.

The primary stage operates a t very high vacuum and discharges into a 
No. 1 inter condenser of the je t type. The steam from process e q u ip m e n t  
and primary jets is condensed and the air and non-condensible vapors pass 
over to the second stage machine where they undergo a second compress® 
and are discharged into the No. 2 inter condenser.

L IV E
STEAM
INLET- QDn

> water outlet-

Fig. 13.— Three stag e  steam  je t a i r  pum p w ith  tw o  je t  inter-condensers.

The steam from the second stage jets is here condensed and the air a- “ 
gases pass on to  the third stage machine where they are c o m p r e s s e d  to - 
mospheric pressure and discharged together with the steam from this s -i- 
into the after condenser.

Four Stage System.—Modern industry and c h e m i c a l  develop
ments are frequently calling for higher vacuum than can
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secured with the three-stage arrangement of steam jet exhaust
ers. This brought about the successful development and appli
cation of the four stage air pump in which two steam jet 
boosters operate in series, discharging into a booster condenser 
from which the cooled air vapor mixture is removed by means 
of a two stage arrangement of high and low vacuum exhauster» 
with suitable inter-condenser, as shown in fig. 14.

Individual plant requirements determine the selection of the booster and 
inter condenser type which can be either jet condensers of the barometric« 
low level design, or of the surface type with or without after condenser.

Four stage units are usually selected for vacua above two or 
three mm absolute and they are frequently designed to main
tain better than one mm  absolute vacuum.

Vacuum Boosters.—The temperature of the injection water 
sets a limit to  the vacuum obtainable in surface and jet con
densers, so tha t processes requiring the use of vacua higher than 
can be produced with a given water temperature necessitate the 
use of a vacuum booster.

Therefore, the function of the booster is to compress the con- 
densible and non-condensible vapors prom the highest (process) 
vacuum to the intermediate vacuum maintained in the condense’ 
which corresponds closely to the outlet (or tail) temperature of H'1 
injection water.

In other words, the total quantity of operating and entrained s t e a m  and 
vapors is delivered by the booster to the condenser, which precipitates tw 
steam and condensible vapors.

The two-stage je t ah- pump has merely the task of removing the air and 
non-condensible gases.

Steam jet vacuum boosters are of the most efficient, single 
nozzle design and can be operated with either high or low stead 
pressures.
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Their construction permits the nozzle to  be easily removed for examina
tion or cleaning without dismantling any part of the booster body or pipe 
connections.

The three stage unit shown in fig. 13 is a typical application 
of a steam jet booster exhausting into a barometric condenser.

Similar arrangements are used extensively for vacuum distillation in oil 
refineries and for other chemical processes as well as for concentrating ar.d 
crystallizing of liquids where vacua of }/> in. absolute and less must be 
maintained.

The non-condensible gases delivered to the barometric condenser are R- 
moved and compressed to atmospheric pressure by means of the two-stap 
air pump with barometric inter-condenser, as shown.

Steam je t boosters are likewise used for deodorizing vegetable oils under 
high vacuum.
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CHAPTER 25

Condensers; Calculations

In the design of a condenser various calculations are neces
sary to properly proportion it to meet the requirements. These 
indude such calculations as those for:

1. The vacuum tha t can be obtained.
2. Quantity of cooling water required.
3. Cooling surface.
4. Size of removal pump.
5. Size of wet air pump.
6. Size of dry air pump.
7. Size of condensate pump.

The Vacuum That Can Be Obtained.—By an inspection of 
steam table it will be seen tha t the pressure of the vapor 

of water depends upon its temperature. T hat is, any enclosed 
space partly filled with water and exhausted of air, will be 
ffled with the vapor of the water whose pressure depends upon 
the temperature of the water. Thus consider the following 
items from the steam tables:

Vacuum ' T em perature

Ins. Mercury Absolute Pressure  Fahrenheit
28 .946 1°°°
25.85 2. 126-15
23.81 3. 141-52
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By inspection of the values for a 25.86 inch vacuum in the condenser the 
condensate would have to be cooled to 126.15° Fahr. For either an incrtax 
or lowering of the temperature of the condensate, the vacuum would decreax 
or increase respectively. T hat is, if the temperature increase to 141.52’, 
the vacuum would fall to 23.81 ins.; again if the condensate be cooled to 
100° the vacuum would rise to  28°.

Ques. Could a 28° vacuum be obtained in a condenser with 
the cooling water a t 100°?

A ns. No. •

Ques. Why?

A ns. This is impossible in practice as the final temperature 
of the cooling water which is being heated by the incoming 
steam would result in a temperature of the condensate higher 
than th a t of the vacuum corresponding to th a t of the initial 
temperature of the cooling water.

Evidently the final temperature of the cooling water must be some'sM 
lower than the higher temperature of the steam. This terminal difftw® 
as it is called is necessary because the heat transfer process is not 100: < 
efficient due to the time element.

Ques. To obtain a given vacuum what then is necessary.

/Ins. The temperature of the cooling water should be some
what lower than the temperature corresponding to the vacuum.

Quantity of Cooling Water Required.—The quantity o[ 
cooling water required for the condensing process (per lb. o 
steam condensed) depends upon numerous conditions as:

1. Required vacuum
2. Initial temperature of the cooling water.
3. Final “ “ “ “
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The quantity of cooling water required per lb. of steam to 
be condensed may be expressed as follows:

Q =  H  ~  h  ! ............ ' ...................(1)
in which h f  — hi

Q = number of lbs. of cooling water to condense one lb. steam 
H = total heat above 32° in the steam 
h = « u « « « « condensate
M = “ “ “ “ “ “ cooling water a t final tem

perature
hi = “ “ “ “ “ “ cooling water at initialtem -

perature

Since H — h is the latent heat of steam (symbol L), the 
formula may be written:

Q  = T 7 ~ T : (2>h f —hi

The value of H  — li or L, .being obtained direct from the 
'foam table making subtraction unnecessary.

Example.—How many pounds of cooling water is required to  condense 
°ne pound of steam of 90° temperature if the initial and final temperatures 
°‘ the cooling water be 60° and 90°?

From the steam table:
L, for steam a t 90° =  1041.2 B.t.n.

hf, for cooling water a t 90° =  58 “
hi, “  “ “ “ 60° =  28.08 “

Substituting in formula (2)
q  =  _.1Q41:2 _  =  104L2 

58 -  28.08 29.92

of ,.*■ 's under the conditions of the example it would require 34.9 lbs. 
co°ling water to condense one lb. of steam. This is the theoretical quantity
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and is not possible in practice, as already pointed out, the final temperature 
of thexooling water {hf) cannot be as high as the temperature of tiie steam 
to be condensed.

Approximate Method of Calculating the Cooling Surface- 
For an approximation (very nearly, bu t not exactly) instead of 
taking the total heats hi and h f of the cooling water, the tem
peratures corresponding are used and formula (2) becomes,

Q  =
T  — t 

in which

T  =  final temperature of condensing water in deg. F. 
t = in itia l “ “ “ “ “ “ “

Solving the same example with formula (3)

T  = 90° Fahr.; I = 60°

Substituting

Q ‘  « ¿ a »  = 1<i r - 34-71bs-

Comparing the two methods the results are 34.9 (real value) 
and 34.7 (approximate value), the approximation being short by:

34.8 -  34.7 =  .1 lb.

Terminal Difference.—By definition, the terminal difference 
is: The difference between the higher temperature of the stc0  
entering the condenser and the always somewhat lower pd  
temperature of the cooling water (that is, the injection water oh 
je t condenser, or the circulating water of a s u r f a c e ,  condenser)-

Ques. Why in practice is this terminal difference necessary-
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Ins. As before stated, in practice it is practically impossible 
‘o render the heat transfer (from the steam to  be condensed 
to the cooling water) 100% efficient because of the time element.

As can be realized the value of Q in the example just given is consider
ably less than would obtain in practice.

Ques. What would be a reasonable terminal difference in 
practice for ordinary conditions?

4ns. Say 10°.

Example.—How many pounds of cooling water are required to condense 
one pound of steam 90° tem perature if the initial temperature of the cooling 
water be 60° and the terminal difference be 10°?

For a terminal difference of 10°, final temperature of cooling water 90 
10°=80° L =  1041.2 and T - t = 8 0 - 6 0 = 2 0

From which, applying formula (3)

O =  =  52.1 lbs. (approx.)
^  20

Applying formula (2) hf=48.03 h i =  28.08

1041.2 1041.4 coo
Q 48.03-28.08 19.95

Ques. In modern practice what value is given to the final 
temperature of the cooling water?

4ns. It is customary to make it 10° to 15° less than the 
temperature of the steam to be condensed.

This factor is dependent upon the design of the condenser.

Range of Design Vacuums—According to Cameron with 
various circulating water temperatures, the usual range for sur
face condensers serving steam turbines is as follows: (For engine 
service the vacuum is lower, usually 26 ins. or 26.5 ins.)
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DESIGN DATA
FOR CONDENSERS FOR STEAM TURBINES

In le t W ater—-Tj.
D esign

V acuum
S team  

T e m p .—T s
T em p. DifT 

T D i  =  (Ts—Ti)

50° F . 28.5" 9 1 .7 ° F . 41.7° F.
to  29.0" 79.0 29.0

60 28.25" 96.7 36.7
to  28.75" 85.9 25.9

70 2S.0" 101.1 31.1
to  2S.5" 91.7 21.7

75 28.0" 101.1 26.1
to  28.25" 96.7 21.7

80 27.75" 105.0 25.0
to  28.0" 101.1 21.1

85 27.5" 108.6 23.6
to  27 75" 105.0 20 0

For the usual design or operating range, the capacity of any 
condenser with a given temperature and quantity of circulating 
water is directly proportional to the temperature difference 
(TD).

With efficient design it is possible to  handle 10 to  15 or 20 lbs. of steam 
per sq. ft. of tube surface, depending on the desired vacuum and the quan
tity  of circulating water.

The quantity of circulating water required for a given steam load is de
termined by the possible temperature rise (TR) which in turn is a fraction 
of the temperature difference (TD) (approx. 40% to 60% for single pass 
condensers, and 55% to 75% or 80% for two pass condensers, depending 
principally on the tube size and tube length).

The relation between quantity of circulating water in gallons per rnin. 
(Q) and 1R irrespective of condenser size, type or design is as follows:

Steam condensed in lbs. per hr. X B.t.u. per lb. =  Q X 500 X TR
The quantity of heat absorbed by the circulating water is generally as

sumed as 950 B.t.u. per lb. for turbine service or 1,000 B.t.u. per lb. 
engine service. In  special cases where the steam to be condensed is dry°r 
superheated it will be higher.—Cameron.
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T e m p e r a t u r e  o f  c o n d e n s i n g  w a t e r  i n  d e g r e e s  F a h r e n h e i t

40 50 60 70  80  90 100 110

40 50 60 70 80 90 100 110
T E M P E R A T U R E  O F  C O N D E N S I N G  W A T E R  I N D E G R E E S  F A H R E N H E I T

^—Curves indicating the ratio b y  weight of condensing water to steam . 
ot various vacuum and water temperatures.

The diagram fig. 1 (according to  Wheeler) gives curves indi- 
catmS the ratio by weight of condensing water to  steam for 
,anous vacua, and water temperatures.

J °  use the curves, add the terminal difference to the water temperature 
3 , r°m the resulting temperature follow vertically to the intersection 

the diagonal vacuum curve.

At the point of intersection follow horizontally to the ratio indicated.
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For instance, with 15° F. terminal difference, 70° F. water temperature, 
and 28 in. vacuum, the ratio is 59 lbs. of condensing water per pound of 
steam.

Ques. In  design, what should be noted about terminal 
differences?

.4ns. In general, the terminal difference is necessarily 
greater with cold water than with hot, and necessarily greater 
with lower absolute pressures than with higher.

It should be clearly understood that, once all the operating conditions 
and the design of the condenser are fixed, then the actual terminal difference 
obtained in practice is the result of physical laws ancf not of any arbitral)' 
decision to be made at will.

The Cooling Surface.—According to  Seaton, in practice with 
the compound engines, brass condenser tubes 18 BM-b 
(Stubs) thick, a condensation of 13 lbs. of steam per sq. it. 
per hour, with the cooling water a t an initial temperature of 
60° is considered fair work when the temperature of the feed 
water is to  be maintained a t 120°.

In general practice the following holds good when the tem
perature of the sea water is about 60°.

Terminal pressure, lbs. abs  30 20 15 12% 10 8 *>
Sq.ft.coolingsurfaceperI.H.P. 3 2.5 2.25 2 1.8 1.6 ^

For ships stationed in the tropics, the allowance should be 
increased 20%; for ships stationed in cold climates 10% ^  
suffices (Seaton).

Cooling Surface for Water Works Condensers.—According t® 
Worthington the basis of heat transfer for water works con
densers is 250 B.t.u. per sq. ft .  per hour of ?nean.JeinPerâ ‘l 
difference.

The amount of cooling surface in square feet necessary"t0
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condense a given amount of steam can be calculated from 
the formula

^  ~  TUm which
F = sq. ft. cooling surface.
•W = weight (lbs.) of exhaust steam per hour.
H = total heat (.B .t.u .) per lb. of exhaust steam.
T = mean temperature difference between the circulating 

water and the exhaust steam.
U = rate of heat transfer in B.t.u . per 1 degree mean differ

ence per sq. ft. of condensing surface per hour.

For ordinary calculations H  is frequently assumed to be: 930 a t 4 in. 
absolute; 935 at 3 in. absolute; 940 a t 2 in. absolute; 945 a t 1 in. absolute.

in commercial calculations, a value of 950 B.t.u . is taken
& approximately correct for H . The value of T  is found from 
^  formula ™ ^

r p  - p  J - 0  - r  J - lT -  l s —

Where Ts is the temperature in steam space (assumed to  correspond to 
absolute pressure); T i, the temperature of circulating water a t condenser 
*  in deg. F. and T0, the temperature of circulating water a t condenser 
outlet in deg. F.

The Grashof Formula.—According to  Grashof a simple 
arithmetic mean for the temperature difference is not correct, 
k'd the following formula developed mathematically by 
Grashof has been proven in practice to  be very accurate, and 
k used very extensively:

: i - T ; " T '
,  T , -  T,

Hyp. Log. T _Vp-
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Where D = Mean temperature difference.
Ti = The lowest temperature of the fluid.
T2 = The highest temperature of the fluid.
T s = The temperature of the gas or steam.

The transfer of heat through a unit of condenser tube area per u n it of 
mean temperature difference was early recognized as varying greatly under 
different conditions. The most apparent variation being an increase w ith  an 
increase in the velocity of the cooling water.

Many experimenters have carried out exhaustive tests along this line to 
determine the most practical value, but the results obtained vary great? 
owing to the fact that in practice there are encountered certain resistance, 
which are in addition to the resistance offered by the metallic walls of the 
tubes.

Ques. In practice with surface condensers what opposes 
the transference of heat?

A ns. I t  is opposed by the resistance of the metallic walls 
of the tubes, the resistance of the steam side of the tube due 
to oil coating, or air entrained steam, and the resistance on the 
water side of the tube due to  the formation of scale.

Ques. W hat tends to  prevent the formation of a coating 
of oil on the condenser tubes?

,4ns. A high steam velocity over the tubes, and th e re  must 
be no dead ends or stagnant places in the condenser.

Ques. How are surface condensers generally arranged to 
avoid the resistance due to air entrained steam?

A n s . They are generally arranged so tha t the steam sweeps 
the air ahead to  the point of removal.

Ques. W hat should be noted with respect to 'the watef 
sides of the tubes?
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,1ns. Considerable attention should be given to keeping 
the tubes clean.

A high circulating water velocity will accomplish this to  a marked degree, 
and is a more important reason for using small tubes, and several passes, 
than is generally recognized.

Ques. What values are given to the co-efficient of heat 
transmission or B.t.u. per sq. ft. per degree difference per hour?

4ns. It is generally taken in practice a t 300 to 500, depending 
upon the degree of vacuum, condenser design and velocity of 
cooling water.

Velocity of Flow.—According to W hitham, the velocity of 
flow of the circulating water through the tubes should be 
ktween the limits 400 and 700 ft. per minute. As given by 
Marks, the mimimum allowable spacing of tubes is as follows:

Outside diameter of tube, ins  54 54 54 1 134
Pitch of tubes, ins............................  lJde 134 124 124
Number of tubes per sq. ft. of plate 189 147 106 88 63

kt Condenser Air Pump Calculations.—Now since the jet 
condenser pump must handle everything th a t must be pumped 
°§of the condenser, in order to  determine its size it is necessary 
t0 calculate:

3- Amount of steam to be condensed.
2- Amount of water required to  condense the steam.
3- Amount of air and other non-condensable vapors to be 

Amoved from the condenser.
Each pound of injection water will absorb from the steam 

0 be condensed, a number of heat units approximately equal 
10 its rise in temperature in passing through the condenser,
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and the number of heat units to be taken out of each pound o'
steam to  cause condensation will be equal to its total heat
less the heat in the resulting condensate, th a t is,

~ ... ,. . .. . total heat of steam — heat in condensate
Quantity of injection water = — : = , .■ .— :-rrise in temperature • o f '  injection water

or using the usual symbols,

Q  =  H  -t  h ..................................................(4)
^  r T ' __ ____  4

in which
H = total heat in one pound of the steam .
I: = heat in one pound of the condensate.
I = temperature a t which the injection water enters con

denser.
T  = temperature a t which the injection water leaves con

denser.

Now, evidently, since the pump must handle both the injec
tion water and the condensate, the total amount of w a te r  to be 
handled is

to t a l  w e ig h t

Q '

in which
Q' = total weight of water entering condenser.
W = Weight of steam to  be condensed in lbs.

W ater contains mechanically mixed with it V 20 or 5% °} 
its volume of air a t atmospheric pressure. If P  = atmosphere 
pressure and p  = absolute pressure in co n d en se r ¡' then a cu; 
ft. of water when it has entered the condenser is represented ! 
.95 of a cu. ft. of water and .05 x  P  -5- p  of a cu. ft. of air.

c o n d e n sa te  4- in je c t io n  w a te r  X  w eig h t of steam

x - W  ©



Condensers; Calculations 669

Now if Q" = the total volume of water entering the condenser 
per minute, T 1; temperature of the condenser, T 2, temperature 
of the cooling water (before entering condenser), then (accord
ing to Seaton) .95 x Q "  = volume of water in cu. ft. to  be 
pumped from condenser per min. and 

P T  -4- 461° 
the quantity of air = .05 x  — X 2

p  Ti +  461° 

fence the total volume to be abstracted per minute tha t is,

total water and air = .95 Q" X .5 -  X T '" +  461 ° ............ (6)
p  Tj +  461

Example.—A 100-horse power marine engine requires 30 lbs. of feed 
■rater per horse power per hour. If the pressure in the je t condenser be 2 
«s. absolute (25.85 ins. vacuum), how much injection water is required 
■tod what size pump if the initial temperature of the injection water be 
60° and the final temperature 110°?

Total steam to be condensed per minute, or

= 1,00 X jQ = 50 lbs.
60

Since from the steam table the total heat in 1 lb. of steam a t 2 lbs.
absolute pressure is 1,115 B.t.n., and the heat in the condensate 94 B.t.u.;
substituting in (5)

Q' =  ^1  +  50 =  1,071 lbs. approx.

The weight of water a t 110° being 61.89 lbs. per cu. f t., then its volume
110° or

Q" =  1,071 61.89 =  17.3 cu. ft.

of which is water and 5%  air. Hence the total volume to  be abstracted 
at°Po°*e con4enser Per minute is, taking the temperature of the condenser

95% X 17.3 +  5% X ~  X = 16’56 cu- ft-
X IZ U  -f- 4 0 1
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Now the usual practice is to use a pump having a displacement of twice 
the volume to be pumped, that is, to let the pump fill half full of water, 
the remainder being occupied by the expanded air. Accordingly, gb'W 
displacement is

16.56X 2 = 33.12 cu. ft. per minute

The normal piston speed should be about 100 ft. per minute, hence 
area of piston = 33.12 4-100 = .331 sq. ft., or .331 X  144 = 1 4 7 .7 sq.ms.

I 21*63 147 7 •diam. of piston corresponding = / ——  = / ' ■ = 8 ins. appros.
\  . 7 8 5 4  \  . 7 8 5 4

and the length of stroke will depend on the number of strokes per minute, 
which, for say 60 strokes per minute, is

33.12 -f- 60 — .663 ft. or .663 X  12 = 7.95, sa y  8 ins.

Q ues. For accuracy what kind of heats should be used in 
condenser calculations?

.4ns. Total heats instead of sensible heats or temperatures.

It should be understood that standard B.l.u. used is mean

is defined as: r^r part of the heat required to raise the temperature of one

of water from 32° to 212 °F. In fact the heat required to'raise the tempera®8 
of water 1° depends upon the temperature. Thus from the steam table.

Heat in 1 lb. water at 80° Fahr  = 48.03 B.t.u.

Heat in 1 lb. water at 70° Fahr  =38.06

Heat to raise temperature of 1 lb. f „ Q7R , . 
of water 10° between 70° and 80°) \

This is the actual heat which is a little different from the result 
by subtracting temperatures, that is 9.97 B.t.u. and not 8 0 -70o r 1O0-- •

Surface Condenser W et Air Pump.— In  a surface conden» 
the pump has to handle only the condensate and air, the coops 

or “circulating” water being pumped by the circulating Punl-a 
As compared with a jet condenser, the pump handles a fflu
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smaller quantity of water and a relatively large volume of air. 
The latter item is important because the air volume to be dis
placed is much larger than the water volume. The air entering 
by leakage is uncertain and m ay be 3 or more times as much as 
was liberated by the water.

Since the pressure in the I.p. cylinder of the engine is most of 
the time below atmospheric pressure, considerable air m ay leak 
in through the stuffing boxes unless they be tight.

The practice of some pump companies is to give the air pump a displace
ment equal to 20 times the volume of the condensate, if it be a horizontal 
double acting pump, and 12 times if vertical single acting.

According to Whitham the usual practice is to make the air pump for a 
surface condenser one half the capacity of one required for a jet condenser. 
This will enable the surface condenser to be used as a jet condenser in case 
of emergency. The air pump should always be placed below the condenser 
for best results (though this is not always possible with keel condensers), 
and the delivery valves should be water sealed.

Ques. W hy are the proportions 20 and 12 given for hori
zontal and vertical pumps respectively?

Ans. The vertical pump is more efficient than the horizontal 
Pump.

Formula for W et Air Pumps.— According to Worthington 
>1 is considered good practice to make the capacity of the wet 
air pump for a surface condenser equal to 20 or 30 times 
lbe pounds of steam condensed per unit of time. The following 
formula may serve as a guide to the multiple to use:

. D V  =  S 1 . 5 / ~  +  l )
in which V  a /

= Displacement of air pump in lbs. per hour
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Vacuum in inches (Barometer 30”).

Fig. 2.— Economy at high vacuum. The curve, according to
shows the output from an exhaust steam turbine as the vacuum jnC,e® , 
from 22" to 29" from which will be seen that at 28)^" the increase in oulP 
is over 100 per cent of the power of the turbine with only 2.2* V|fCUI(he 
and that the rate of increase rises rapidly as the vacuum PPProac,» jjc 
higher limits. Thus;— the addition of 1 " of vacuum from 23" to 24 0 
10 per cent, but addition of 1 " vacuum from 28" to 29" adds 40 Pe! ce

s =

Pa =  

54 

Pa 

140

Pounds of steam per hour 

Absolute pressure in inches of mercury 

Amount of vapor arising from the steam.
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Dry Air Pumps.— For high vacuum dry air pumps are 
necessary. The displacement of the dry air pump is, according 
to Worthington,

54 
D V  .= —  X  S, approximately.

* a

Condensate Pump.— This pump handles the condensate and 
nothing else and its displacement per minute is accordingly 
equal to the pounds of condensate per minute, that is

_. , , lbs. of steam per hour
Displacement =  — --------- y   ■■

lbs. per gallon x  60 

taking 8.33 lbs. as approximate weight of one gallon 

Displacement per minute in gallons 

lbs. of steam per hour 

8.33 x  60

lbs. of steam per hour 

~  500

■̂2-673.— T e x t  c o n t i n u e d .

jo the power of the turbine on the same percentage scale for economy. 
High vacuum condensing plants therefore become essential. It must be borne 
"t mind that the volume occupied by exhaust steam increases rapidly as the 
vacuum approaches the barometer reading, that is, the volume varies inversely 
as the absolute pressure. For instance, the volume is doubled by an increase 
of vacuum from 28"to 29'' with a 30" barometer. For this reason the Condenser 
vacuum for reciprocating engines is usually limited to 26 ' or 27 because the 
exhaust ports of a reciprocating engine are not generally large enough to 
fake advantage of any further expansion of the steam. In this case the im
portant point in a condenser is the maintenance of a steady vacuum under 
.actuating air leakages or under any overload of the engine, also immunity 
'om break-down if the steam is suddenly reduced, causing the vacuum to rise
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The condensate of steam exhausting into a 25.8 inch vacuum 
will have a temperature of 126° Fahr. A t  this temperature 
one cu. ft. of the condensate weighs 61.61 lbs. and one cu. in. 

weighs X  =  .0357 lb. 
1728

E x a m p l e .— An engine exhausts 1500 lbs. of steam per hour. With con
densate at a temperature of 126° corresponding to a weight of 0.357 lb. per 
cu. in., find displacement per minute of condensate pump.

Volume of condensate to be handled per minute 

1500
•0.357 X  60

= 70 cu. ins.

A condensate pump used in connection with a surface condenser (with a 
dry air pump) according to one authority is generally given a displacement 
of 2 to 3 times the volume of the condensate.
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C H A P T E R  26

Cooling Ponds
By definition, a cooling pond is a shallow reservoir for cooling 

Ik water used for condensing steam, the large amount of surface 
<wa provided cools the water as it returns from  the circulating 
Pump discharge.*

Ques. Where are cooling ponds used?

Ans. In  places where water for cooling is scarce or expensive 
or where it is rendered unfit for use in condensers by pollution 
from waste products of manufacturers.

Ques. What happens when the water is used over and over 
again?

Ans. There is a small loss by evaporation which must be 
®ade up from an outside source.

Ques. In  general how much cooling water is required to 
condense steam at ordinary degrees of vacuum?

*NOTE.—Another name for cooling pond is lodge, but this name is seldom used.
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A n s .  About 25 to 35 times the feed water, depending upon 
the temperature of the cooling water.

E x a m p l e .— A 100 horse power engine runs on 30 lbs. of feed water per
hour per horse power. If the cooling water for the condenser be 30 times the
feed water, how many gallons of cooling water are required for a 10 hour
run?

Total feed water = 30 X  100 X  10 = 30,000 lbs. per day.

Total cooling water =  = 108,043 gals, per day.
8 >3

Evidently at the usual C ity  rates for water, this consumption 
would be prohibited, or at least the expense would largely 
offset the saving by condensing.

Q ues. Where are cooling ponds used?

A n s .  In  sparsely settled districts where land is cheap.

Q ues. W hat is used in place of cooling ponds where land 
is expensive or the space required is not available?

Ans. Cooling towers.*

Classification of Cooling Ponds.— There are several types of 
cooling ponds which may be classed:

1. W ith  respect to the cooling method used, as

a. Natural.

. ~ J single deck
b. bprayjdouble deck

*NOTE.—Cooling towers are presented in the Chapter following.
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1. With respect to circulation, as

a. Natural flow.

b. Directed flow.

3. With respect to water capacity, as

a. Shallow.
b. Deep.

4. With respect to provision for preventing drift loss, as 

«. open.

b. Louvre fence.

Natural Ponds.— B y  definition a natural pond is one which 
the circulation or flow is 1, non-directed, 2, directed but not forced.

Ques. "What is required for a natural pond?

4 ns. Considerable area.

Ques. W hat is the advantage?

4ns. The cost of a forced circulation pump is avoided.

Non-directed Flow Natural Pond.— The essentials of this 
type are shown in figs. 1 and 2. A s  shown the hot water 
discharge is located at the remote end and the intake at the 
bottom of the near end.

Ques. Is  the cooling effect efficient in this type of pond? 

4ns. No.
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Figs. 1 and 2.— Non-directed flow natural cooling pond suitable for long 
narrow lots.

/ in s .  In  cold weather cooling takes place principally by 
radiation and convection, but in warm weather chiefly bJ 
evaporation.

Q ues. For conditions prevailing in northwestern United 
States, how much natural cooling pond surface is required?

That is to say, the B.t.u. given off per sq. ft. of cooling s u r f a c e  is small 
compared to other types. Accordingly in design great care should be taken 
to have the pond large enough for severest conditions.

Q ues. How  does cooling take place?

Alns. B y  radiation, convection and evaporation.

Q ues. W hat is the relative importance of these means of 
cooling?
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Ans. 2,500 sq. ft. per boiler horse power* at 26 inch vacuum, t 

Ques. In  general how much heat is absorbed by the evapora
tion of one pound of water? 

Ans. About 1,000 B.t.u. 

Ques. What determines the rapidity of evaporation? 

^ns. 1, the temperature of the water and 2, the vapor 
tension in the air in immediate contact with the water.

In ordinary air, the vapor present is generally in a condition correspond
ing to superheated steam, that is, the air is not saturated. If  saturated air 
be brought into contact with colder water, the cooling of the vapor will 
cause some of it to be precipitated out of the air. Again, if saturated air 
be brought into contact with warmer water, some of the latter will pass into 
the form of vapor.

The rise in temperature of the air from contact with hot water will 
greatly increase the water carrying capacity of the air, enabling a large 
amount of heat to be absorbed through evaporation of the water.

Directed Flow Natural Ponds.— In  this type, the circulation 
°r flow of the cooling water is directed by a series of baffles, 
similar to the method used in directing the flow of steam in a 
condenser. The essentials of this type are shown in figs. 3 and 4.

As shown, the baffles which direct the flow are plainly seen in fig. 3. 
Here the discharge enters at a central point at one side of- the pond, flows to 
jhe opposite side, there divides into two streams, each of which traverses the 
length of the pond three times before uniting in the intake passage.

„ ‘NOTE.—By definition one boiler horse power is the evaporation of 34 lbs.
Hater per hour front and at 212°, that is, from a feed water temperature of 

' - rahr. into steam at the same temperature.
iCxOTE.—According to Fernall and Oriak.
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Ques. W hat is the effect of this arrangement?

A n s .  The cooling water travels a much larger distance from 
the discharge outlet to the intake and consequently the velocity 
of flow is much greater than with non-directed flow, resulting 
in more efficient cooling.

m

.IN TAKE

DISCHARGE

P O W E R  
H O U S E '

ecte&t-

r L-OW —

^ ~   -PE)N-£>~ ---- -

Figs. 3 and 4.— Directed flow natural cooling pond. In operation, the. 
water enters the.middle channel at A ,  and on reaching the far end divides in « 
two currents, being directed by the baffle walls so as to traverse the P°n 
several times before uniting at the intake point B.

Ques. W hat is the comparison between the n o n - d i r e c t e d  and 
directed flow types?

4 n s. Where a long lot is available, the non-directed type 
avoids the expense of baffle walls, but this is partially offs« 
by the cost of the long trough.
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Spray Ponds.— Where the space available is inadequate for 
a natural cooling pond the spray pond is used. Here the hot 
"ater from thé condenser is sprayed over a pond (or, where 
space is very limited, over a roof), through a multiplicity of 
jets. As it passes through the air in a finely divided state, its 
surface area is greatly increased, thus intensifying the cooling 
by evaporation; hence, for a given cooling capacity the size of 
pond is much less than that of a natural pond.

The essentials of the single deck and double deck spray ponds 
are shown in figs. 5 and 6 respectively.

SINGLE DECK

HOT WATER DISCHARGE

IN TAKE

NOZZLES

9̂- 5.—Single deck spray pond.

Ques. How are spray ponds proportioned as to cooling 
surface?

Tns. About A sq.ft. of surface are required for a boiler horse 
power to condense steam at 26 ins. vacuum.

Ques. What is the usual range of cooling?
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A n s .  I t  varies from 20° to 40° Fahr. depending upon con
ditions. 

Q ues. H ow  m ay the water be cooled over a large range? 

A n s .  B y  spraying more water than passes through the 
condenser or heating medium.

This is accomplished by the double deck system (fig. 6). By this mettai 
it is possible to cool water within a few degrees of the wet bulb temperature 
of the surrounding air.*

DOUBLE DECK
HOT WATER DISCHARGE

Q ues. W ith  a cooling pond where is the natural place to 
take the feed water?

♦NOTE.—According to one authority a series of careful tests extending over a 
period of several weeks showed that the average amount of heat dissipated from. u* 
surface of a natural cooling pond with directed flow is 3.5 B.t.u. per sq.ft. 
per one degree difference, and that the average heat dissipated by a spray cooliM 
pond is 127 B.l.u. per sq. ft. per hour per one degree difference or approxim ate ly *  
times as much. This shows that a natural cooling pond capable of taking 
100 horse power plant, can be increased in capacity to take care of a 3,600 not® 
power plant by the addition of a spray cooling system.
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Ans. Not from the pond but from the discharge pipe line 
between the condenser and the pond.

Ques. W hy?

Ans. To save the heat in that portion of the condensing 
water delivered back to the boilers.

Ques. What precaution should be taken with respect to the 
temperature of the cooling water?

dns. The ratio of condensing water to feed water should be 
large enough to keep the water in the pond in equilibrium for 
any desired vacuum.

Ques. W hy?

Ans. If  the ratio be such that the heating effect of the 
condenser be greater than the desired cooling effect of the 
Pond, thus the temperature of the pond will rise to a higher 
Point and the vacuum will decrease a corresponding amount, 
thus impairing the economical operation of the engine or 
tebine.

Ques. What creates air circulation when there is no breeze?

Ans. An effective current of air is created in an upward 
Erection around each nozzle, due to the movement of the spray 
as "'ell as to the heating effect which the spray has on the air 
w§ch comes in contact with the water, thus rapidly carrying 
away the warm, moist air produced, and replacing it with cool, 
*y air brought in from all sides over the surface of the pond.

Ques. When are spray cooling ponds most efficient?
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A n s .  In  extremely hot weather when high humidity prevails 
than in cool weather with low humidity. 

Q ues. H ow  are cooling ponds usually constructed? 

A n s .  Earthen ponds usually answer every requirement.

F ig . 7 .— Turbine type spray nozzle, showing removable turbine center forim' 
parting the rotary motion to the liquid.

When provided with a grassed bank they make a neat w a t e r - t i g h t ,  

economical installation. Unless greater depth is needed for storage put- 
poses, the water is rarely more than 3 feet in depth. From a cooling stand’ 
point a pond 6 inches deep will usually give as good results as one 10 ‘K 
deep. Ponds are made deeper to provide storage for fire protection purposes-

An important feature in any spray pond is the spray a r r a n g e m e n t  over 
the pond or basin, and in connection with that the number and size 
nozzles adopted. Many a spray system is giving poor cooling results because 
of the faulty engineering in connection with the pond layout.
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The satisfactory handling of the above features of the design and the 
ability to use to the best advantage existing conditions, such as old ponds, 
canals, rivers and roofs, is dependent on the experience and foresight of the 
engineers to whom the work is intrusted. Where ground space is restricted 
the sprays can be double decked or arranged on the roof.

Water Loss.— Water is lost from a cooling pond by evapora
tion and drift.

9̂; 8.—Turbine type spray nozzle with center jet nozzle. In  operation, some 
pi the water to be sprayed passes through the outer turbinated passages and 
ls gradually given a rapid rotating motion. The non-rotary straight central jet 
strikes this rotating mass of water at a point just below the orifice in the space 
called the mixing chamber, resulting in a mixing or blending of the rotary and 
non-rotary jets and compelling issuance of the water from the orifice in a fine 
Haring spray.

Ques. What is the average combined loss? 

circs. Between 1 and 2 per cent of the amount of water 
grayed when the spray particles are sufficiently heavy to 
settle within the pond limits.
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Spray N ozzles.— A n  important feature of a spray pond is 
the spray nozzles. The object of these nozzles is to produce a 
fine, uniform spray at low operating pressure without clogging. 
They are provided with removable turbine centers having large 
passages.

A typical nozzle is shown in fig. 7. The turbine center is of such shape 
as to impart a rapid rotating motion to the liquid passing through it, 
producing a strong centrifugal action and causing the liquid to break up 
into a fine spray as it leaves the nozzle. In this nozzle at 5 lbs. pressure

Fig. 9.— Louvre fence for preventing loss of spray water by air currents.

the spray issues forth in the form of an inverted cone composed of to 
particles that will settle within the spray pond limit. At 7 lbs. pressure 
the liquid is broken up into a mist producing maximum cooling effect a 
low pressure.

Another type of spray nozzle, as shown in fig. 8, the turbine center 
has a central driving jet which impinges on the rotating water at the ori
fice, causing it to be ejected as a fine, dense uniform spray.
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Louvre F en ce— In  order to prevent loss of water by the 
sPray being carried away by air currents, the sides of spray 
M s  are sometimes extended or protected by a fence of a 
type called louvre. The essentials are shown in fig. 9.

Ques. What other duty does the louvre fence sometimes 
Perform besides saving water?

Ans. Sometimes the fence is necessary to protect a power 
plant when located very near the pond.
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Q ues. Are cooling ponds sometimes used when there  is un
limited cooling water available and why?

A n s .  Yes, in cases where the cooling water is corrosive and 
therefore unfit to pass through a condenser.
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C H A P T E R  27

Cooling Towers
By definition, a cooling tower is a stack or tower-like structure 

designed to remove from  the condensing water as much heat as can 
to extracted per unit of space occupied by the apparatus.

In proportion the height is much greater than either of 
tte horizontal dimensions.

Ques. Under what conditions are cooling towers used?

Ans. Where ground is extremely valuable or not available 
as in large cities.

Under these conditions, cooling towers are used because in the first in
stance they occupy the least amount of space for a given cooling capacity
and where ground is not available they may be placed on the roof.

Ques. Is the cooling tower the most economical method of 
^ling the condensing water?

'Ins. No.

It must be regarded as an evil necessary to meet the exigencies of the
case.

Ques. What are the conditions of cooling upon which the 
of cooling towers is based?
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A n s .  The construction should be such as to expose tie 
water to the cooling influence of the atmosphere while in a 
film or fine rain state.

Ques. In  what way is the process mentioned in the last 
answer assisted?

A n s .  B y  evaporation of part of the condensing water.

Q ues. How  is this effect augmented?

A n s .  B y  counter currents of air maintained by side ventila
tion natural draught (using the tower as a chimney) or by 
forced draught with a fan.

Q ues. W hat is the path of the condensing water in traversing 

the tower?

A n s .  It  is sprayed from the top, falling by gravity tab 
a  sump or reservoir at the bottom of the tower.

Q ues. Wfirat provision is made to maintain the water in 
state of film or spray during its descent?

filns. Various methods are used to secure a cellular con
struction of brush wood, earthenware pipes, wire mats, dia
phragms or other baffles.

Q ues. How  is the loss of condensing water made up?

A n s .  B y  admitting a supply from the public water mains or 
wells.
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Classification of Cooling Towers.— Cooling towers m ay be 
iassified:

1. With respect to the nature of the water baffles, as

a. Brush wood.
b. Earthenware.
c. Wire mat.
d. Checker work, etc.

TRAVERSE FEEDER

9̂.1.—Detail showing distribution deck consisting of transverse feeder 
ond distribution troughs.

2' With respect to ventilation, as

o. Natural draught (open). 
b- Induced draught (chimney). 
t  Forced draught (fan).

Combined forced and induced draught.

Distributors.— Since a number of sprinklers at the top of a 
cooling tower would result in a loss of water due to lateral wind

DISTRIBUTION TROUGHS,
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distributors

Fig. 2.— Typical distribution deck. In construction and operation, the tra"R j  
feeder consists of a steel box divided into two parts by means or a longitfiu'̂  
position. The water enters at either end through a tapped flange. O n e  on  
ends is to be plugged and will serve in cleaning out the lower c o m p a r t m w  - 

series of vertical pipes is furnished in the partition, and the water issue* n 
these pipes, which are adjustable, so that the amount can be r e g u l a t e d  to - 
tribute uniformly throughout the length of the trough. The two sides ot 
trough are notched at intervals. Through these notches the water overflow n- 

the distributing troughs. The feeder is made of heavy steel plate and thorouĝ r 
painted at the shop before shipment. A  steel walk-way is provided running 

full length of the tower alongside of the feeder, giving access .to the reg* 
pipes in the feeder, and to all portions of the tower at the topTA steel lao ^  
provided to give access to the walk-way from the base of the tower. 11 tie 
tributors are notched on the sides the full length, at intervals, and the 
overflows through these notches to the trough deck below.

currents, usually a distribution deck (variously designed) is 
used. The essentials are shown in fig. 1.

T R A V E R S E  FEEDER
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As shown it consists of a transverse feeder with outlets feeding into a 
series of parallel troughs. These troughs have notches at close intervals 
through which the water flows, being divided into a multiplicity of fine 
streams and therefore distributed over a considerable area.

An example of actual construction is shown in fig. 2. At the top of the 
tower is provided a feeder placed in the center of the tower, and running 
nearly the full length of the tower on its longest dimension.

At right angles to the main trough and extending at both sides of the 
trough are a series of distributors into which the water from the feeder dis
charges, as shown.

‘“"Typical distribution troughs showing construction.

The arrangement consists of: 

T A transverse distribution deck 
2- Trough deck 

. Tig. 2 shows both decks and fig. 3 the distribution deck more 
to detail.
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The trough deck system is made up of units of proper size and 
placed side by side so as to give the proper area to suit the ca
pacity of the tower.

Each unit consists of a series of parallel troughs notched on the W 
sides. These parallel troughs rest on a similar series of parallel angle pie« 
running at right angles and bolted together with %  in. bolts anddoufe 
washers. The angle pieces stiffen the troughs so that they will maintaia 
their level when full of water, and will also bear the weight of a man with
out deflection.

Q ues. W hat is the important point in erecting these trough 
decks? 

Arts. They must be level.

The system when level will cause the water to seek its level in the trough 
regardless of how it enters the troughs from above, and the water being 
level, will naturally leave the troughs through the notches throughoutits 
entire length uniformly. The water from each notch will strike the top oj 
the supporting angle at the center and will tend to flow down both sides ft 
the angle pieces in equal proportion.

The arrangement of troughs angl angle pieces at right angles will prevK; 
water passing directly through, but will enable a free passage of air upas 
around all parts of the angles and the troughs, thus exposing the water w 
the air under favorable conditions.

Ques. How  are the trough decks arranged? 

Arts. In  series one directly below the other.

The troughs in one deck are arranged to run at right angles to these o 
the deck above and below.

Ques. W hat is the object of this arrangement? 

4 n s.  This method will rectify the d istribu tion^  the water 
from deck to deck, as the tendency of the wind is to blow the 
water to the leeward side of the tower.
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Ques. W hat would happen otherwise?

Ans. Without such rectification, the water concentrates at 
the leeward side of the tower and at the bottom of the tower, 
will splash in considerable volume. This will result in poor cool
ing effect and considerable loss of water by splashing out of the 
tower.

4- Open natural draught brushwood cooling tower. This is about the 
srmplest form of tower, being of very ordinary construction.

With the trough deck system the distribution is equalized at each deck 
f1 that no matter in which direction the wind may blow, the water is always 
woken up into fine particles, and exposes the maximum water surface to the 
surrounding air.
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Open Natural Draught Tower.— Fig. 4 shows an open nat
ural draught tower of ordinary construction. Evidently this is 
a makeshift one, as no protection is provided to avoid loss of 
water, especially in windy places where the water is liable to be 
blown out through the sides of the tower.

Fig. 5 .— Louvered sides or slatted enclosure to prevent loss of water due to lateral 
air currents.

Q ues. How  could this loss of water be avoided?

/In s. B y  surrounding the tower with louvered sides as show 
in fig. 5.

Q ues. Mention an inherent defect of the natural draught 
tower.
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ins. It must of necessity be of larger dimensions than the 
forced draught type.

Ques. What m ay be said in favor of natural draught?

•Ins. The expense of fan operations is avoided.

C H IM N E Y

W ATER INLET

COOLING STACKS 

A IR INLETAIR IN L E T  

COLD W ATER

9̂. 6. Induced draught cooling

OUTLET PIPE

tower with zigzag cooling stacks.
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IN D U C E D  D R A U G H T

Figs. 7 and 8.— Diagrams to accompany text explaining principle of indoc 
draught.
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Not only the expense of operation, but also upkeep of the fan and its 
driver.

Induced Draught Cooling Towers.— B y  definition, induced 
taught is a form of draught accelerated by the effect of an enclosing 
structure such as a chimney or stack. A  typical induced draught 
chimney tower is shown in fig. 6.

The dosed flue or chimney is of considerable height, erected above the 
portion of the tower containing the cooling surface and the water distribu
tion system; the openings at the bottom of the tower permit the entry of 
the air currents and the air flow is produced by the difference in tempera
ture existing between the top and bottom of the structure.

Ques. W hy does the chimney tower “induce” a draught or 
“draw” as they call it?

Ans. It  draws because the hot air in the chimney is lighter 
tdan the surrounding cold atmosphere, which endeavors to 
force its way into the chimney from below in order to restore
equilibrium.

To illustrate, consider in fig. 8 a stack for induced draught, cool at bot
tom and hot at top. Each unit of air in traversing the stack will expand as 
the temperature increases and becomes lighter. Let the little cube A, repre
sent 1 lb. of air, and suppose as it rises the following changes take place;

initial volume 8 expansions 16 expansions
then the corresponding weight of the initial volume decreases to

1 Vie
Accordingly the sum of the weights of unit volume in ascending is

1 +  hi +  Me = Wi6 lbs.

Now on the outside of the stack the volume and weight of 
^ch unit of air remain the same so that considering three 
Unjts a, b, c of decreasing weights in the stack, there are three 
units of a' b' c' of constant weight outside the stack, the total 
height outside the stack being 3 lbs. and only 1 %  lbs. inside the 
stack. Accordingly, the downward force (3 lbs.) outside the 
stack being greater than that in the stack, the heavy units
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a' V  c' push the lighter 
units a, b, c up and out of 
the stack, thus inducing 
a draught as indicated 
by the lever scales, fig. 7.

FO R C ED  D R A U G H T  
N A TU RA L D R A U G H T

W O R M  &  W O R M ' WHEEL 
F O R  O P E R A T IN G  DOOR

Fig. 9.— Induced natural draught tower as installed at W aco , Texas.

Q u e s . Considering the foregoing explanations define draught

/In s. B y  definition, draught is the difference in pressure 
able for producing a flow of air.

aid-
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Forced Draught T ow ers.— B y  definition, forced draught is 
mechanical draught, that is, the method of accelerating air cur
rent in an enclosed structure by means of a fan. The essentials 
are shown in fig. 10 .

FORCED DRAUGHT

fig. 10.— Elementary forced draught cooling tower showing fan.

The sides of the tower are closed and the air is delivered to the interior of 
and forced through the tower by fans which are usually located on opposite 
sides.

Ques. What provision is important on metal towers?

^ris. Access for painting all exposed surfaces of the housing 
and supporting frame work.
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The inner surfaces of the housing in a well designed tower should bemafe 
accessible by removable strips inside of the tower, these being laid loosdy 
on the horizontal racks so that a painter can start at the top of the tower ad 
work downward, by simply removing and replacing the wood strips, checker- 
work, or trays', using them as a platform on which to stand.

The importance of this feature, facilitating proper maintenance at snji 
expense, will be appreciated when it is considered that with some types11 
practically impossible to paint the inner surfaces after the tower is oncep- 
in operation.

Combined Natural and Forced Draught Towers.— A toweroj 
this kind is larger and more expensive than the regular force



Cooling Towers 703

draught type, but has the advantages that on light loads or 
under very favorable atmospheric conditions, the fan can be 
shut down and large doors in the base of the tower m ay be 
opened, when a very fair degree of cooling is obtained on the 
induced draught principle.

Ques. In  general, what is the objection to the combined in
duced and forced draught tower?

Tns. The increased first cost and extra space requirements 
do not warrant the adoption of this type in preference to the 
open or forced draught tower.

Cooling Effect.— The cooling effect is due to three causes: 

h Radiation from the sides of the tower.

2. Contact of the water with the cooler air.

3. Evaporation of the water.

The first cause is practically negligible, the second m ay vary  
from 1/5 to 1/3 of the entire effect, and the third is the chief 
effect which may be easily calculated.

fxample.— A certain condenser requires 100 lbs. of water per minute, 
*hich is discharged at 110°, and it is desired to cool it to 70° F. What will 
be the evaporation in the cooling tower?

The total heat to be abstracted from the water per minute is 

100 X  (110 -  70) = 4,000 B.t.u. (approx.)

Now, if say 20% of the cooling effect be due to radiation and convec
tion or contact of the water with the cooler air, then heat to be removed 
by evaporation is

4,000 X  (100% -  20%) =  3,200 B.t.u.
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At 110° the latent heat of evaporation is 1,030 B.t.u'., hence 

evaporation = 3,200 -e- 1,030 = 3.1 lbs. per minute*

Each pound of free air absorbs 2 .3 7 5  B .t.u . while its tempera
ture is raised 10 degrees. Thus the temperature difference be
tween the water and the entering air" limits the heat transfe 
by convection. For every 1 ,0 0 0  B.t.u. of heat transferred into 
manner, 4 2 2  pounds, or about 5 ,6 0 0  cubic feet, of air mustbe 
brought in contact with the water and warmed 10 degrees,« 
2 ,8 0 0  cubic feet 2 0  degrees, etc. The same volume of air si 
absorb an additional and much larger quantity of heat through 
evaporation. Each pound of air entering the cooling tower at 12' 
with 7 0 %  saturation, and leaving saturated at 102° will abstrt 
only 7 .2  B.t.u. by its rise in temperature, but 28.7  B luM  
the water it evaporates.

A s  the cooling capacity of the air is limited, it is clear that® 
economical installation must provide means by which a W  
quantity of air can be brought in contact with the water sprar 
and quickly removed, after having been warmed and saturated, 
to give place to a fresh supply of air.

The foregoing discloses the relation of the heat to b e  extract» 
from the water and the amount of air required to a b so r b  § |  
heat, both directly and by evaporation.

Q ues. W hat are the considerations in the design of a cootos 
tower?

*NOTE.—Bearing in mind that the latent heat absorbed by the coohngjr;. 
while condensing one pound of steam in the condenser, must equal the tateni, 
extracted in the tower when evaporating one pound of water, the quantity 01i , 
evaporated will equal the quantity condensed, less the percentage of heatrOTv. 
by convection and direct radiation: In other words, the cooling tower has to c 
rate a quantity of water equaling 75 to 85 per cent of the weight of steam A • 
sponding to the feed water) passing through the turbine or engine. This loss 
be replaced by a fresh supply.
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Jns. Air will evaporate water until saturated, and the 
Wurit of moisture absorbed depends upon its initial humidity 
ad temperature together with that of the water.

A cooling tower, therefore, should be proportioned for average summer 
conditions of the atmosphere, as in the winter it will cool the water consider
ably more and consequently a higher vacuum will be produced in the con
denser.

J*
'3!'12 and 13 .— Typ es of wood checker work used in cooling towers.

Ques. W hy is it important to break up the water as thor
n y  as possible during its travel from the top to the bottom  
c" a cooling tower?

•Ins. Evaporation and convection take place on the surface 
°fthe water only.

Ques. Why should the process of breaking up the water dur- 
*2 its descent in the tower be repeated many times?
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A n s .  The individual drops or streams should not remain long 
undisturbed as this would permit their surfaces to cool without 
refrigerating the inner portions.

Q ues. How is this accomplished?

A n s .  B y  allowing the water to drip over a series of obstacles 
(such as shown in figs. 12, 13) rapidly breaking up and reform
ing the drops, so that entire water supply to the tower is con
verted into slowing falling spray.

Location of Cooling Towers.— These m ay be located either 
at the ground level or on a roof or other elevated structure, 
depending upon the space available and other local conditions.

Am ong the advantages of the ground level installation are:

1. Simplicity of foundation and reservoir construction.
2. Shorter pipe lines, resulting in lower first and operating 

costs, and '
3. Localization of possible spray during high winds.

W ith  reference to cooling towers of the natural draught de
sign, an elevated location is sometimes to be preferred because oi

1. Unimpeded circulation of the air currents.
2. Utilization of otherwise unoccupied space.

The question of the pumping cost in the case of elevated 
towers must be given consideration. W ith  a surface condenser 
the ascending and descending water columns balance eacn 
other as far as the reservoir under the tower, and the additiona. 
pumping cost is only that occasioned by the friction in the in
creased length of pipe lines, which, with pipe lines of ample size, 
is a relatively small item. W ith  the jet type of condenser, ho"- 
ever, an elevated location of the tower is undesirable, for obvi
ous reasons.



W a ter  Supply 707

C H A P T E R  28

Water Supply
In rural and isolated districts not served by C ity  Water 

Works pipe lines, various systems of domestic water supply 
are in use.

Domestic Supply Systems.— In  a classification of isolated 
plants, all systems m ay be classed as:

1. Rainfall
2. Hand operated
3. Power operated

Rainfall System.— The method of securing water by collect
ing rainfall on roofs is sometimes resorted to in rural districts 
as shown in fig. 1.

It is the most primitive and worst system. The water flowing from
roof to the tank carries the dirt with it. Evidently such water is not fit
for drinking and the tank must be frequently cleaned. When this system
is installed drinking water is obtained from a well via bucket or pump.

Ques. Name some other objections to the rainfall system.

Ans. The supply is uncertain and also due to the con
siderable amount of dirt and other foreign matter which 
collects the pipes frequently become clogged.
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Water Sources.— Aside from the method of collecting rainfall 
on roofs, water for domestic installation is obtained from'

1. Wells
2. Springs

There are various kinds of wells and they may be classed:

of water from roof, a valve being interposed as shown so that when 
full, excess water may be carried off through a leader.

1. W ith  respect to the method of sinking, as:

a. Dug

b. Driven
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2. With respect to depth, as:

a. Shallow

b. Deep

c. Artesian

Dug Wells.— The chief advantage of the large diameter of 
a dug well is that it affords storing a considerable quantity 
of water and the possibility of placing the pump at a low level 
to secure a lift within limits.

Large wells are useful especially where the ground water flows through 
fine material with low velocity.

Ques. What trouble is not encountered in dug wells?

'Ins. Dug wells avoid the clogging that occurs in driven 
"ells located in iron bearing sands.

Driven W ells.— A n  ordinary driven well consists of a wrought 
iron pipe or steel tube 2 to 8 ins. in diameter with a strainer 
near the bottom.

Ques. How is a driven well driven?

'ins. It is forced into the ground by a heavy hammer or by 
fte use of a falling weight or again with the end of a jet of 
Water carried through a small pipe to loosen the material in 
advance of the point.

Fig. 2 shows a driven well and fig. 3 the method of driving.

Ques. How are strainers constructed?

•ins. They may be merely holes or slots in pieces of brass 
P'Pe, or larger holes in the pipe covered with brass gauze.
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Ques. W hat is objectionable in strainer construction and 
why?

A n s .  The use of different metals as it tends to give galvanic 
action causing corrosion and clogging.

Fig. 2.— Driven well showing pipes and perforated well point.
Fig. 3.— Method of driving pipe and perforated point with monkey.

Ques. W hat governs the size of the opening in a s tr a in e r ?

4 n s. The texture of the soil. They must be small en ou g h  
to prevent the entrance of any large quantity of sand, but



W ater  Supply 711

large enough to reduce the entrance velocity to a point where 
the friction will not be excessive.

Fig. 6 shows a typical strainer or driven well point as it is called.

Ques. Describe the process of driving a well.
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A n s .  I t  resembles pile driving, but with the distinction, 
that while piles receive the blows of the “monkey” on their 
heads, the tubes are not struck at all, the blow being com
municated by the clamp, which receives the blow near the 
ground.

The driven well with its pointed strainer as in ordinary use, is not 
intended for piercing rock or solid formations, but is quite capable oi 
penetrating very hard and compact soils, and can be also successfully 
driven through chalk, breaking through the flints which may obstruct its 
passage downward.

Fig. 6.— View of driven well point showing conical end and perforations 
through which water enters the pipe.

Ques. W hat is done when solid masses of rock or stone are 
reached in driving a well?

A n s .  The best plan is to pull up the tube and try in another 
spot. This applies also when deep beds of clay are driven into; 
for, by going a little distance off, and testing again, in many 
cases water will be found.

The operation is as follows: The first or pioneer tube shown in fig. 2 is 
furnished with a steel point of bulbous form, and perforated with liote 
varying from one-eighth to an inch, extending from 15 in. to 3 ft- fronl 
the point, fig. 6. The enlargement of the point serves to clear a passage 
for the couplings by which the tubes are screwed together. On this tube 
the clamp fig. 3 is held about 3 ft. from the point by two bolts; the clamp 
is of wrought iron with steel bushing screwed internally so as to form 
teeth to grip the tube.

Next, the cast iron driving weight or monkey is slipped on to the tube 
above the clamp. The monkey is operated with ropes.
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House Hand Pum ps.— Various types of pumps are used to 
supply water in the house. They may be classed:

1. With respect to the nature of the stroke or movement, as:

a. Reciprocating b. Oscillating c. Rotary

2. With respect to the nature of the pumping, as:

a. Lift b. Force

Fi3-7.-House lift pump. Cylinder may be drained by raising Handle to extreme 
"eight.

F,9. 8.— House force pump. Made with closed top and brass stuffing box nut 
t° conform with Board of Health requirements. It is impossible for dirt or 

matter to drop into the pump from the top and contaminate the water
supply.
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3. W ith  respect to the frequency of the cycle, as:

a. Single acting b. Double acting

Figs. 7 and 8 show familiar patterns of reciprocating lift 
and force pumps respectively.

- .0 s. 9  a n d  10.— Double acting oscillating force pump; exterior and |nieno* 
views. Except in the stuffing box, and for a gasket between the lid andsheli, 
there is no packing of any kind used. When there is no danger of freezing,it 
is advisable to use foot valve on the end of the inlet pipe in order to keep 
pump primed.

Figs. 9 and 10 show exterior and interior views of a double 
acting oscillating pump.

While this type pump is intended for pumping hot liquids, foods, 
wines, etc., it is equally well adapted for hot or cold water.

The rotary type pump shown in fig. 11 is sometimes used. 
The inlet m ay be either at the side (as shown) or at the bottom.
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Installation of Hand Pumps.— The following suggestions 
relate to house hand pumps either lift or force, as usually 
installed in the kitchen.

House lift pumps and house force pumps are complete units, each 
having its cylinder, plunger and valve located in the stock and base of 
pump ready for connection to inlet or inlet and discharge pipes.

Water may be drawn horizontally any reasonable distance if the inlet 
pipe used be of sufficient diameter. The inlet piping should be as direct

^ot°ry hand pump. It is made with a hand crank and is provided 
1 brackets for attaching to post or wall.

short as possible. Pipe should be laid out so that air pockets or 
humps” are eliminated.

The pump may be installed away from the well as in fig. 12 or directly 
;er it whichever be the more convenient. However, the vertical distance 
rom surface of water to bottom of pump cylinder, plus the additional 
im m' êet r.esu't'n2 fr°m pipe friction, must not be more than the max- 

wn mlet lift for which the pump is recommended. See accompanying 
n Pe f riction Table, pages 716 and 717.
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Ques. W hat precautions should be taken with low e r end of 
inlet pipe?

A n s .  I t  should not touch the bottom of the well.

A strainer and foot valve should be placed at the lower end of the
inlet pipe.

Q ues. W hat precaution should be taken in pipe fitting?

,4ns. A ll joints should be tight.

Q ues. W hat should be done before placing the pump in 
position?

A n s. I t  is advisable to submerge the piston in water for 
an hour or so.

Q ues. W hy?

A n s .  It  will expand the piston leather and cause it to fit 
the cylinder more snugly.

Q ues. How  should the inlet pipe be placed when laid hori
zontally?

A n s .  I t  should be placed three feet underground to prevent 
freezing.

Q ues. How  about the pipe leading vertically to the pump'

A n s .  I t  should also be protected against freezing by ampk 
thickness of insulation.

NOTE.—To determine the capacity of house lift or force pumps, mul b. 
„ the gallons per stroke by 50, which is an average rate of pumping, and reier 

accompanying table of cylinder capacity.
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Typical installation 
''om the well.

pump in the kitchen at a distance
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Water Requirements for Dom estic Service.— In  propor
tioning a domestic installation it is first necessary to know the 
average water consumption. This is given in the following 
tabulation:

For each member of the family, for all purposes, including kitchen,
laundry, -bath and toilet purposes.....................................  25

Each horse.................................................................... W
Each cow.....................................................................  1°
Each hog..1...................................................    3
Each sheep.................. ................................................
Each 100 chickens..........................................................  4
Drinking fountains 50 to 100

The actual consumption for each member of the family 3$ 
for each animal will vary with the season of the year and 
conditions.

Approx. 
Gallons 

Per Day

H om e Fixtures
1H

30
6

30

Filling ordinary lavatory 
Filling average bathtub. 
Flushing a water closet.. 
Each shower bath.......

Yi inch hose with, nozzle 
%  inch hose with nozzle 
Lawn sprinkler...........

Yard Fixtures

Gallons 
Per Ho® 

200 
275 to 300 

120

Q ues. W hat should be noted in selecting a pump as to size? 

Arts. Its  capacity should be in excess of the actual requite-
ments for any given period.

Q ues. W hy?

Arts. The reason is apparent in the example which follow-
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Example .— If %  inch hose with nozzle is to be used for sprinkling, 
this will consume water at the rate of 200 gallons per hour, and it is therefore 
essential, to permit use of water for other purposes at the same time, to 
have a pump capacity in excess of 200 gallons per hour.

Where }/> inch hose with nozzle is to be used, the pump should have a 
capacity of at least 220 gallons per hour which leaves available for other 
uses of water at the rate of 20 gallons per hour when the hose is being used.

Qiies. What other conditions should be noted in selecting 
a Pump as to size?
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A n s .  The pump capacity even for ordinary requirements 
should be such as will not necessitate the pump operating 
more than a few hours per day at the most.

Ques. W hat kind of pump should be used to avoid the 
annoyance of frequent priming especially when worn?

Ans. A  so called self priming pump as shown in fig. 13.

Classification of Power Systems.— Owing to the multiplicity 
of prime movers used for actuating domestic water supply 
installations as well as the type of pumping unit, there are 
numerous systems classed with respect to these prime movers.

Accordingly domestic systems m ay be classed:

1. W ith  respect to water power, as

a. Water wheel

b. Hydraulic ram

2. W ith  respect to wind power, as

a. Wind mill

b. Pneumatic

3. W ith  respect to the pump, as

a. Shallow well
b. Deep well

c. Jet (air lift)

d.  Centrifugal

4. W ith  respect to special features, as

a. Two tank feed in
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Water W heels.— Where the terrain is suitable, that is 
on country estates, where there is a running stream with 
even a few feet fall and a sufficient flow of water, a water 
wheel properly geared to a power pump will supply ample 
water at sufficient head to supply a country estate.

The wheel m ay be either:

'S- 14.— Overshoot water wheel direct coupled to triplex pump to supply 
water to country estates and villages. The pump should be housed over in cold 
dimates. A  dynamo may be added to furnish light and power for farm pur
poses. The water to drive the water wheel may be conveyed from the dam 
oy an underground pipe or through an overhead flume, as preferred.

^pending upon the head available of the water supply and 
its volume. Fig. 14 shows a water wheel of the overshot 
variety geared up to a triplex pump.

1. Overshot, or
2. Undershot

Note here the flexibility of the system. The gearing in fig. 14 is about 
2 to 1, that is, the wheel makes two revolutions to one of the pump.
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—  LO W  HEAD

Of course if the head pumped against were greater the velocity reduction 
could be greater, that is, say 3 to 1, the wheel making three revolutions to 
one of the pump.

Where the head is not sufficient for an overshot wheel, 
the undershot wheel m ay be used as in fig. 15.

From fig. 14, it is seen that these wheels are of considerable diameter 
and evidently require a water supply of sufficient head for a tangential 
flow at the elevation of the top of the wheel.

U N D E R S H O T  W H E E L
L A R G E  VOLUME

PENSTOCK

Fig. 15 .— Breast water wheel.

The number of buckets in the undershot wheel that are full 
water at one time is considerably less than in the overshot wheel, evi
dently more water is required, that is, assuming adequate supply u® 
capacity of the buckets must be greater than in the overshot wheel. Tha 
is to say, for equal diameters, the buckets of the undershot wheel mus 
hold more than those of the overshot wheel. In other words they mus 
be wider.
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Hydraulic Ram .— The impulse type of pump has been 
presented at length in the chapter following and no amplifica
tion of this system is here necessary.

Wind M ills.— In a recent trip by the author out West, 
including New Mexico and Arizona, he was surprised to see 
the large number of wind mills, especially in the rural districts, 
in contrast to the small number in the Eastern Seaboard 
fiiere numerous installations have been replaced by C ity  
Water Works service.

In the opinion of the author, where the terrain is favorable, that is, 
"here the wind is not blanketed by trees or hills, the windmill is the 
cheapest method of isolated domestic water supply. Evidently the power 
costs nothing and the maintenance is nil, except where the owner is too 
lazy to keep the mill properly lubricated.*

As a source of energy wind power is of importance, especially 
pumping water in suburban or rural districts which have 
city water supply— this energy as before stated costs 

nothing.

Mechanics of the Wind M ill.— The operation of a wind mill 
is due to the pressure of the wind acting on numerous vanes 
inclined to the direction of the wind and rotating in a plane 
Porpendicular to the direction of the wind as shown in fig. 16.

Ques. What is the requirement for maximum effect?

Ans. The plane of the wheel must be kept perpendicular to 
die direction of the wind.

The familiar squeak of some cheap installations is not only the fault 
. owner, but of the design of the tower with rather hazardous climbing to 
top to lubricate.
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Q ues. How is this accomplished?

A n s .  The main casting on which the wheel is pivoted is 
arranged to turn in a stationary collar on turntable as show 
in fig. 18.

Q ues. How  is the turning controlled?

4  ns. B y  a tail attached to the main casting and upon which 
the wind acts.

L
D IR E C T IO N  
OF W IN D

44
P L A N

u r
•180°

Fi

^  D IR E C T IO N  / / / / / / / / / / / / / / / / / / /  y OF W IN D

gs. 16 jand 17.— Effect of inclination of wheel to direction of theiwi 
Fig. 1 6 wheel perpendicular to direction of the wind, effect maximum; tig- 1 
wheel parallel to direction of the wind, effect minimum (zero).

Classification of Wind M ills.— There are upon the marke- 
a multiplicity of types of wind mills and they may be classifies

1. W ith  respect to the power transmission, as

a. Direct stroke
b. Augmented stroke
c. Geared

2. W ith  respect to direction control, as

a. Tail or vane
b. Vaneless
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3. With respect to the material of construction, as

a. Wooden

b. Metal

Evidently some means must be provided for controlling the 
sPeed of the mill, otherwise in case of very high wind, damage 
“»y result.

Numerous methods of speed control are employed as by use
of:
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V A N E .
GOVERNOR TAIL PERPENDICULAR

T O  W I N D

TAIL PARALLEL/
W IT H  W I N O

BALLS DOWN
W H E E L  IK) W IND

BALLS UP
W H E E L  OUT OF W IND

Figs. 19 and 20.— Speed control by ball governor. Fig. 19; wheel in wind; 
fig. 20, wheel out of wind.

W H E E L  AXIS
T A IL  HUNG 
O FF CENTER

TAIL 
INCLINED

WHEEL OUT OF WIND

TAIL PIVOTED 
AT ANGLE

DOWN
WHEEL IN W IN D

Figs. 21 and 22.— Speed control by inclined tail, wheel pivoted off cej',erj 
Fig. 21, wheel in wind; fig. 22, wheel out of wind. In operation/ the w E- 
being pivoted off center with respect to the turntable, tends'to cause i 
turn out of the wind, and in so doing the tail is lifted into an inclined Posl ' 
on account of being pivoted at an angle with the vertical. Gravity acfs 
bring the wheel back into the wind.
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a o a o d  
i v s n d i d ± N 3 b
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2. Inclined  ta il
3 . P iv o ted  vanes

Q u es. In  considering speed control w hat should be con
sidered?

A n s .  T h e  w ind has th e  m axim um  turning effect on the wheel 
w hen  i t  is  perpendicular to  th e  d irection o f th e  wind, and 
has no effect w hen parallel as show n in figs. 16 and 17.

Q u es. H ow  do th e  so  called “van eless” (meaning tailless) 
w ind m ills work?

A n s .  T h ey  have p ivo ted  van es w hich turn  ou t o f  the w ind  by 

centrifugal force instead  o f gra v ity , th e  controlling force of to 
o th er  tw o  ty p e s . A  su itab le m echanism  is  em ployed to hold to 
va n es ou t o f th e  w ind against th e  tension  o f th e  springs, when 
it  is desired to  sh u t off th e  m ill.

Q u es. N am e tw o  popular m eth od s o f governing wind mills.

A n s . T h e  ball governor and th e  inclined tail g o v e r n o r ,  
as show n in  figs. 19 to  22.

An example of the ball governor wooden vane wind mill is shown«;
page 739. In  the opinion of the author (from experience) an outstan n
m ill judged from sensitive governing qualities and durability.

Properties o f the w in d .— The velocity of the wind detenW“- 
Us pressure, and th e  pressure o f th e  w ind  against the sai 
of th e  w ind  m ill determ ines th e  pow er developed by the flj- 
A m ill o f  sm all d iam eter a cted  upon  b y  a  h igh  pressure 
velop s as m uch pow er as a large m ill w orking under a lo" 
pressure.
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T a b l . e  I.

to o! Pumping Mill 6 8 9 10 12 14 16

160,000

20

No. Gals, water 
raised i ft. hour
ly, 15-mile wind 10,000 20,000 24,000 35,000 68,000 110,000 300,000

T a b l e  II.

Average wind velocity, miles 
per hour..........................■.............. 4 5 6 7 8 9 10 11 12 13 14 15

Co-efficient................................... 16 8 5 3 2 1 .4 i . .85 .70 .60 • 54 •5C

T a b l e  III.

Gallons hourly. . . . •35 170 220 260 300 360 420 55° 850 1200 2200 3400 5000

Cylinder, diam. in. 2 2* 2 X 2X 3 3X 3X 4 5 6 8 10 12

iiscbarge pipe, dlam. In. i X iX IX i x 2 2 2 2 X 2X 3X 4 5

T a b l e  I V .

COM PARATIVE PO W E R  O F  BA CK -G EA RED  M ILLS.

Sire of M ill............ 4-ft. 6-ft. 8-ft. 9-it. IO-ft. I 2-ft. I 4-ft.' 16-ft.

Horse-Power........ IS i 1*0 2X ax I 2 S' 2 i

T a b l e  V .

FO R C E O F  T H E  W IN D  IN  POUNDS PR E S S U R E .

Velocity .8 10 12 15 _ 20 25 3° 40

Voice.... X X X I 2 3 4X 8

T a b l e  VI.

P O W E R  O F  T H E  W IN D .

Velocity per Hour. Pressure per Sq. Foot. V elo city  per Hour. Pressure per Sq. Foot

to Miles X Lb. 20 M iles 2 Lbs.
15 " i " 25 • “ 3 “
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The mean average velocity o f the w ind fo r the entire United Slates is very 
nearly eight miles per hour. However, for large areas such as the great 
plains east of the Rocky Mountains, the mean average is about eleven 
miles per hour, and yet in certain small areas situated in the mountainous 
districts the mean average velocity is as low as five miles per hour. There
fore, in selecting and loading a m ill, reference should be had to the wind 
velocity prevailing in that particular locality. In  general, wind mills 
suffice to do a large quantity of work and no storage capacity would be re
quired, but- when it does blow it is “ free” and experience, dictates that 
a mill shall be erected sufficiently large to pump enough water, when the 
wind does blow, to last over, with the assistance of ample storage capacity.

Power of W ind M ills .— T h e pow er o f  a  w ind m ill depends  
on: 1, the diam eter o f th e  wheel; 2 , area and num ber o f vanes; 
and 3, velocity of th e  w ind . T h e  follow ing tab les g ive  som e  
useful data relating to  th e  sizes and capacities o f pum ping  
"'ind mills.

Table IV  gives the horse power of several sizes of mills working in a 
fifteen mile wind: if the wind velocity be increased or diminished, the 
Power of the wind m ill w ill increase or decrease in the ratio of the squares 
of the velocity. Table V  w ill show the comparative power or force of 
the wind in velocities from eight to forty miles per hour for each square 
foot of surface.

Rules for approximately determining size of wind mill to use.—In
approximately determining the size of wind m ills for a given installa- 
n°.n.’ daily water consumption must be given as a basis for calculation. 
Divide daily consumption by 8 to find hourly capacity of the mill, and if 
properly loaded the mill will pump on an average eight hours daily.

Table I gives the maker’s number of the pumping m ill, and the number 
°f gallons each w ill raise one foot high per hour, with a wind having a 
velocity of fifteen miles per hour.

Rule.—M id lip ly  the quotient by total water lift in feet and w ith the co
m m it  given in Table I I .

Ihe product w ill in Table I show what m ill to use. The size of the 
Tinder and discharge pipe w ill be found in Table I I I .

Exam ple.—No. 9 pump w ill raise 24,000 gallons of water one foot 
™gh in one hour. Now if  the water is to be raised 50 feet then by di- 
Uding 24,000 by 50 the quantity raised becomes 480 gallons per hour.
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From Table V it w ill be seen also that a wind velocity of fifteen miles 
per hour develops a power three times as great as an eight mile wind, 
and a twenty mile wind is twice as powerful as a fifteen mile, or six times 
that of an eight mile wind.

Hence, a sm all increase in  velocity greatly increases the power oftheicini 
m ill, while a low velocity gives but little  working force.

From Table V I it is seen that a twenty-five mile wind gives six times 
as much power as a ten mile wind, but really gives twenty-six times Ik 
net efficient power of the ten m ile w ind, therefore it  w ill not be proper to 
calculate on using a power wind mill in as low a velocity as ten miles.

E x a m p le .—A person in Atlanta, G a ., uses 2,600 gallons of water 
daily. He has a well in which the water stands 30 feet from ground level. 
To obtain pressure, the water is to be elevated into a tank 50 feet above 
ground. 2,600 -r- 8 = 325 gallons to be pumped hourly when w in d m ill 
works.

Average wind velocity at Atlanta is 9 miles per hour, answering to co
efficient 1.4 in Table I I ,  and total water lift is 30 +  50 = 80 feet. 325 X M 
X  80 = 36,400 gallons.

I f  first estimate of 2 , 6 0 0  gallons daily were liberal, so that for instance 
2 , 4 0 0  gallons would be sufficient, Tafile I  shows that a 1 0  foot mill can be 
used, but to keep on the safe side, choose a 1 2  foot m ill. 3 2 5  gallons 
hourly corresponds in Table I I I ,  to 3 M  inches cylinder with 2  inch es dis
charge pipe as proper sizes.

If  the 10 foot mill be chosen, take the 3 inch cylinder.

A 14 foot wind mill working in a fifteen mile wind w ill do more work 
than two average horses, and when working in a twenty mile wind wn 
do more work than four good horses, while in a twenty-five mile wind it 
w ill do more work than six good horses.

W ind M ill P um ps.— T his typ e  o f pum p has an extension 
of th e  p iston  rod above th e  upper guide w ith  a  hole forcon" 
nection  w ith  th e  pum p rod from  th e wind m ill. Such a pû P 
w ith  a  pitm an  extending from  th e pum p upward into the 
tow er to  the m ill is show n in fig. 26.
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This figure is introduced to show the tank connections with a regulator 
on the base of a four post tower. The float in the water tank throws 
the mill in or out of gear according as the water rises or falls in the tank.

When the tank is filled with water it pulls the mill out of gear and stops 
the pump; as a result there can be no overflow or waste. The tank is thus 
not allowed to become empty and permit its drying apart, inducing leakage. 
Through the medium of a float in the tank, when the water has been

fis. 26,—Base of wind mill showing connection with pump and automatic 
cutoff.

¡"W d  but a few inches, the m ill is again put in gear and the tank re- 
hlled to the desired height, at which the float is set.

The syphon ty p e  pum p is  used to  force w ater from  shallow  
"ells to elevations. T h e  cylinder or barrel is  p laced w ith in  

e standard and is  a lw ays prim ed.
Where the d istance from  w ater level in  w ell to  ground level 

Is over say 20 f t . ,  th e  pum p should  be low ered to  bring th e  
!t within th is lim it; th a t is , th e  in le t v a lve  on  pum p should  
n°t be over 20 ft. e leva tion  from th e  w ater level in  th e  w ell.
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In cases where pum p cannot be low ered conveniently, a 
deep well pum p should  be used.

Figs. 27 and 28 is an example where pump was lowered to bring lift witta 
lim it. In  this case a deep well pump could not be used as the wind m2 
tower could not be placed over well. Where a deep well is located di
rectly under wind mill tower a deep well pump is used, as in fig. 26, thus 
avoiding the necessity of digging a separate pump p it.

The plumber should understand the construction of the various types 
of pumps as shown in the accompanying illustrations in order to properly 
make repairs.

W EL L

Figs. 27 and 28.— Pump connections at residence of the author at Sforn0uffIfô 
near Sea Bright, N. J., illustrating location of pump in pit to reduce ' 
practical limit. As shown in fig. 27 the well was about 50 fp-from j.[eC)ly 
and the arrangement of buildings prevented placing wind mill tower a' 
over well, otherwise a deep well pump would have been installed. M1 
for this installation shown on opposite page.
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Direct stroke wind mill with wooden vanes. In  consfrucfion, the 
ni"l is made mostly of steel, wrought and malleable iron, the whole central 
jton work being in the main frame. The vanes are attached to stayed oak ribs 
aking a very substantial construction.
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Jet S y stem s.— In a je t sy stem  the pum ping operation is in 
tw o  stages. T h e reason for tw o  stages is because the system 
is in tended for deep w ell service w here th e  lift  is too great 
for th e  regular pum p.

T o distinguish  them  th e tw o  pum ps required m ay be called:

1.' T h e lifting  un it
2 . T he pum ping u n it

The jet or lifting pump is placed at the bottom of the well and force 
the water up to the level of the inlet to the other pump. On deep well 
installations the jet system avoids digging a deep pit at the well site and 
also keeps the pumping unit in a location where it is more likely to receive 
proper attention.

Q u es. D escribe th e  je t sy stem  hook up .

Arts. I t is a u n it consisting o f either a centrifugal or a 
shallow  w ell reciprocating ty p e  o f pum p, in  combination with 
a je t or ejector, for th e  purpose o f pum ping from  wells in which 
pum ping level is  m ore than  25 ft. vertica l d istance below pump 
location .

Q u es. D escribe th e  construction  and operation of the jet 
pum p or lifting  u n it.

4 n s .  T h e ejector consists o f je t b od y , je t nozzle and jet 
tube. T h e  drive or supply  pipe delivers w ater under pressure 
to  je t nozzle w hich converts th e  pressure in to  velocity. The 
stream  o f w ater em erging from th e nozzle a t high speed shoots 
up through th e  tu b e and in  so  doing draw s w ater from the 
w ell, w hich is m ixed i n ’th e  tu b e w ith  th e  driving water. The 
high v e lo c ity  o f  th e  w ater w hile passing through the tube is 
transform ed in to  pressure and th is  pressure delivers both the 
driving w ater and th e  w ater drawn from  w ell, to  a higher point-
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The elementary diagram fig. 31 shows the basic principles of the system 
and figs. 32 and 33 two examples of construction—the single pipe and two 
pipe patterns.

Ques. H ow  m uch o f th e  o u tp u t of th e  second stage or 
pumping unit does it  take to  operate th e  first stage or lifting  
unit? 

Ans. It depends upon th e  lift , th a t is , from  w ater level in  
well to level o f in let v a lve  in  pum p. A p proxim ately  from

Fig. 30.— Graham jacketed, transfer expansion oscillating engine, and Dun
ham power pump with belt transmission. It m ust be evident that this arrange
ment permits the engine and pump to work under the most favorable conditions 
'or economy. Hence by proper proportion of pulleys, the engine may run 

high speed, thus reducing the size of the cylinder and loss by condensa
tion, leakage, etc., and the pump may be run at slow speed, thus reducing 
the loss by slip, and eliminating water hammer, slamming of valves, etc.

50 ft. lift, about 3^ and for say  100 ft. below  about M  o f the  
output of th e  pum ping u n it. 

Ques. H ow  m uch w ater is delivered in to  tan k  for different 
lifts? 

4n s. Referring to  th e  previous answ er for 50 ft. lift  about  
% and for 100 ft. M  o f th e  o u tp u t o f th e  pum ping u n it.
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Q u es. W hat becom es o f th e  w ater used  to  operate the jet 
pum p?

A n s . I t  is circulated , going dow n in th e  drive pipe and 
com ing up in  th e  in tak e p ipe.
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!ec°nd stage .
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Q u es. D o es th e  je t pum p h ave to  force th e  water all the 
w ay up  to  th e  pum p as in  fig. 31?

A n s . N o . I t  is  n o t necessary to  force th e  water higher 
than  25 ft . below  th e  pum p in let v a lv e .

Q u es. Is  it  necessary to  h ave a foot v a lve  (not shown in 
fig. 28) on th e  b o ttom  o f je t or liftin g  unit?

A n s .  Y es.

Q ues. W hy?

A n s .  I t  is  necessary to  prevent th e  w ater running back in 
th e  w ell. I f  th e  w ater ran back  in  th e  w ell th e  system  would 
n o t start.

The foot valve should always be at the lowest point.

Q u es. W hat au tom atic  device is necessary in  the discharge 
pipe betw een  pum p and tank?

A n s . A n  au tom atic  regulator.

Q u es. O f w h at does it  consist?

A n s .  A  spring loaded v a lv e  and diaphragm .

Q u es. W hat is th e  object o f  th e  regulator?

A n s .  I t  is  to  m ainta in  sufficient pressure on  the drive line, 
so  th a t th e  je t  pum p w ill a lw ays be able to  raise the water 
h igh  enough so  th e  second stage pum p can p ick  it  up.

Q u es. W hat w ould  happen  if th e  regulator were not used?
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Ans. The pressure in  th e  system  m ight go dow n far enough  
so that the je t pum p w ould be unable to  lift  w ater up to  th e  
second stage pum p and th e  system  w ould cease to  w ork.

Ques. W hy is  the regulator v a lve  spring adjustable?

Ans. To regulate th e  am ount o f w ater going through th e
valve.

Suppose valve be set so that enough water goes down to the jet pump 
to lift say 50 ft. Now, if the water level in the well should go down to a 
point where the same jet pump can still lift, but require more driving 
'rater, the spring has to be reset, so that more water goes down to the 
well; and of course, less water w ill be delivered to the tank.

Ques. W hy is a diaphragm  used in  connection  w ith  regulator  
valve?

Ans. In order* to  preserve th e  balance so not to  add back  
pressure on the pum p.

Valve stem and diaphragm are connected together and once the valve 
is off the seat, it is held off the seat by diaphragm under pressure.

Ques. W hy cannot a sim ple hand operated th rottlin g  va lve  
°r a spring loaded v a lv e  be used to  m aintain  sufficient pressure 
0n the jet, instead o f the balanced diaphragm  valve?

Ans. It can, but on ly  a t the cost o f creating an additional 
head on the pum p and th u s decreasing th e  am ount o f  w ater  
delivered'by the pum p in to  th e  tan k .

Pneumatic S y stem s.— T here are tw o  system s in  w hich  
impressed air is u tilized  as a m edium  to  e leva te  w ater, 
known as;

C Compressed air system  
2- Air lift system
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A lthough com pressed air is used in  ea ch ,sy stem  they differ 
fundam entally  as indicated  in th e  elem entary diagrams figs. 
34 and 35.

Evidently in fig. 35 air is introduced into an enclosed tank at a pressure 
sufficient to force the water into an elevated tank or to maintain a pressure 
sufficient to supply the outlets at the top story of a building.

AI R P U M P
Figs. 34 and 35.— Elementary diagrams of pneumatic and air lift systems.

T he air lift  sy stem  consists o f a sim ple and effective m e th o d  
of raising liquids from  w ells and bore holes as in fig. 34.

A pipe for compressed air is inserted down the middle of the pu®P 
tubing or rising main and provided with a nozzle or ejector at its 
end which directs an annular jet upward through the space betwe 
air pipes and the rising main.
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The depth to which the ejec
tor must be placed is found by 
experiment and depends upon 
the flow of the water or oil 
through the strata, the height 
to be lifted and the available 
pressure.

Many water works petro
leum companies, etc., operate 
a large number of wells by this 
means, from a central air com
pression station.

Air Lift.— F ig  34  is an  in 
troduction  to  th is  system . 
T h e P ohle air lift  is on e of 
th e  sim plest m eth od s of 
raising w ater. T h e  process 
consists in submerging a por
tion of an open-ended educ
tion pipe in a body of the 
liquid to be raised and con
tinuously introducing into 
the liquid within the lower 
part, of the pipe a series of 
bubbles of air. T he bub
bles contain  enough air to  
expand im m ediately  across 
the pipe and fill the sam e  
from  side to  sid e, form ing 
p i p e - f i t t i n g  p i s t o n - l i k e  
layers a t or just above the  
p oin t o f their entrance into

item showing principle of operation.
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th e  p ipe, w hereby th e  colum n o f liquid  rising in th e  pipe after 
the forcing ou t o f  th e  liquid  first stand ing  in  th e  latter is sub
d ivided  b y  th e  gaseous fluid in to  sm all portions before it reaches 
th e  level o f the liquid  outside o f th e  p ipe. A  continuously 
upw ard-flow ing series o f w ell defined alternate layers of air and 
short layers o f liquid is thus formed and forced up the pipe.

F igs. 36 and 37 represent th e  apparatus in  a sta te  of action 
pum ping w ater, th e  shaded sections w ith in  th e  eduction pipe 
W , representing w ater layers and th e  in terven ing blank spaces 
air layers.

A t and before the beginning of pumping, the level of the water is the 
same outside and inside of the discharge pipe W, incidentally, also, in 
the air pipe. Hence the vertical pressures per square inch are equal at 
the submerged end of the discharge pipe. When, therefore, compressed 
air is admitted into the air pipe, it  must first expel the incidental stand
ing water before air can enter the eduction pipe W . When this has beer- 
accomplished , the air pressure is maintained until the water within the 
eduction pipe has been forced out, which it w ill be in one u n b r o k e n  col
umn, free from air bubbles.

When this has occurred the pressure of the air is lowered or its bulk 
diminished and adjusted to a pressure just sufficient to overcome the 
external water pressure. It  is thus adjusted for the performance of ref- 
ular and uniform work, which w ill ensue with the inflowing air a n d  'vaten 
which adjust themselves automatically in alternate layers or sections oi 
definite lengths and weights. It  will be seen in the figures that the length? 

of the water columns (shaded) and air (blank spaces) 1 and 1 are enter« 
at the right of the discharge pipe W; also, that under the pressure of t*® 
layers of water 1 and 2, the length of the air column 2 is 6.71 feet; W  
and so on. The lengths of aggregate water columns and the air c0®®?’ 
which they respectively compress are also entered on the right of 
water pipe.

On the left of the water pipe are entered the pressures per square im-h 
of these water columns or layers. Thus the pressure per sq. in. of col!uj .
1 is seen to be 1.74 lbs.; that of 2, consisting’ of two columns or ¡a)
1 and 2 each 4.02 feet long, to be 3.49 lbs., and that of 10, conslsiin̂ ’{j 
nine columns or layers of water 1 to 9, inclusive, each 4.02 ft. I°n̂  . 
one of 3.80 ft. in length (v iz ., layer 10), to be 17.35 lbs., and theagjF 
gate length of the layers of water is 39.98 ft. in a total length of» 
of pipe.
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It will be noted that the length of pipe below the surface of the water 
in the well is 55.5 ft ., and that the difference between this and the aggre
gate length of the water layers (39.98) is 15.52 ft. That is, on equal areas 
the pressure outside of the pipe is greater than the pressure on the inside 
by the weight due this difference of level, which is 47.65 lbs. for the end 
of the discharge pipe.

It is this difference of 15.52 ft ., acting as a head that supplies the water 
pipe, which puts the contents of the pipe in motion, and overcomes the

l 3 , Principle of a ir lift. The injection of a ir  a t the point ind icated produces 
a column of mixed a ir and water B , which has less weight than the solid column 
“  water A. Thus the weight of the column A , causes the w ater to rise the 
distance C, and overflow.

resistance in the pipe. In  general the water layers are equal each to each, 
and the pressure upon any layer of a ir is due to the number of water layers 
above it.

Thus the pressure upon the bottom layer of air 10 in the figure is due 
.? 1 layers of water in the pipe (17.35 lb s.), and the pressure upon 
1115 uppermost layer of air 1 is due to the single layer of water 1 , at the 
moment of its discharges beginning, v iz ., 1.74 lbs. per sq. in . As this 
Charge progresses this is lessened, until at the completion of the discharge
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of the water layer the air layer is of the same tension as the normal 
atmosphere.

The air pipe  is connected  w ith  an air receiver on the sur
face, w hich is a t  or near th e  engine room , in  w hich there is 
an air compressor. T h is air pipe is provided w ith  a valve on 
th e  surface. Before turning on th e  air th e  conditions in the

Fig. 39.— Air lift plant showing compressor air tank and connections.

w ell show  w ater a t th e  sam e level on th e  outside and inside 
o f th e  eduction  p ipe. A t th e  first operation there must te 
sufficient air pressure to  discharge th e  colum n of water 
stan d s in  th e  eduction  p ipe.

T h is goes ou t en masse, after w hich th e  pump assu m es a 
norm al cond ition , th e  air pressure being lowered and stand»? 
a t such  a p o in t as corresponds w ith  th e  n o r m a l  conditions'w 
th e  w ell. T h is is determ ined b y  th e  volum e of water vhi

RECOVER-
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the well will y ield  in  a certain  tim e and th e  eleva tion  to  w hich  
the water is discharged.

After the standing water column has been thrown off by the pressure 
the air rising through the water reduces its weight, with the result that 
the water is expelled as fast as the well supplies it , the tvaler outside the 
pipe acting as a head, flows into the discharge p ip e  by the force o f gravity.

The machinery necessary for a system of pumping comprises: 1, an air  
compressor; 2, a receiver to store and equalize the pressure; 3, the head 
piece and foot piece for the well; and 4, the necessary piping for the air 
supply and water discharge.

With an available supply of air under pressure the pu m p  proper consists 
«/simply a water discharge and a ir p ipe , the latter arranged and properly 
controlled to inject air into the former at the point of proper submersion.

“Pneumatic” or C om pressed Air S y stem .— T he basic  
essentials of th is sy stem  are show n in th e  elem entary draw ing  
% 35. In brief, water is pumped into a closed tank and air 
impressed in the same tank to a pressure sufficient to force 
til water to the highest required elevation.

Moreover the mechanism of the system is such that the supply of water 
and air will be such as to partly fill the tank with water and air (at proper 
pressure) irrespective of the demand for water. Evidently this involves 
an automatic power pump, usually direct connected to an electric motor, 
which automatically starts and stops in accordance with the intermittent 
"ithdrawals of water to maintain a constant water level in the tank.

At the same time the air pump or compressor functions sim ilarly to main- 
a constant pressure of compressed air.

Rg. 40 shows th e  pneum atic  sy stem  in e lem entary  form  
ustrating principal e lem en ts. A n  ou tfit em bodying  these  

e®nents and Various refinem ents as actu a lly  constructed  is 
I “own in fig. 4 i .

The air pump as usu a lly  constructed , instead  o f being o f  
e piston type (shown in  fig. 40 sim ply  for clearness) is  o f

diaphragm type, as show n in  fig. 42.
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Fig. 40.— Elem entary d iagram  of pneumatic system.
W A T E R  G A U G E

p r e s s u r e
R E G U L A T O R

P R E S S U R E
GAUGE

S E R V I C E  L IN E  
T O  M O U S E  

P IP IN G

FUSES

/
r elief
VALVE

C o  HOUSE 
WIRING

S U C T IO N
L I N E

W I R I N G  FR O M  
P R E S S U R E  
R E G U L A T O R  

T O  M O T O R

Fig. 41.— A utom atic  pneum atic water pumping system showingtypicol pfojjjj 
and wiring connections for use with pneumatic tanks when installe
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A pneumatic ou tfit w ith  nam es o f parts is show n in fig. 41.

Fig. 44 is typical of the construction of power pumps suitable for 
domestic service.

: COPPER TUBE V
! TO PUMP SUCTION

■ Automatic air pump of the system shown in fig. 40. This air pump 
'̂ crewed into the tank and connected through copper tubing to the inlet side 
j. centrifugal pump. The inlet pull of the centrifugal pump moves the 
Mphragm °f the air pump, thus drawing air through the snifter valve on the 
0|ik side of the diaphragm. When the centrifugal pump stops, the pressure 
Is dualized on both sides of the diaphragm and the trapped air is forced 
ln 0 the tank. This action occurs with each start and stop of the centrifugal 
Pump until the proper amount of air has been forced into the tank, at which 
''me the air pump automatically stops delivering air.

7«.41— Text continued.
°n fl,0°r back of pumping outfit, along side or overhead. Wherever the 
onstruction of the tank allows, it is recommended that it be set vertically, 
fiir Preri.“re. re9ulator ar|d pressure gauge are attached to the lower gauge 

'"9- Ihis installation is recommended for locations where there is limited 
Pace. Both the tank and pump should be installed in the basement or other 

P ace where they will be protected from freezing temperature.
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Fig. 45.— Shallow Well Installation.—1. Pump and tank at point of dis- 
charge. This installation is satisfactory where the vertical lift C, plus friction 
loss in inlet pipe does not exceed lift limits of the pump. If hjc,'2 
add too much to the total lift, the capacity of the pump may be reduces 
considerably and pumps of the reciprocating type may develop a vacus* 
hammer. To overcome this difficulty it may be necessary to increase the sue 
of the inlet pipe in order to reduce the friction loss or move the pump doss' 
to the source of supply.

Fig. 46.—Shallow Well Installation 2.—Pump and tank at source of supPfj 
With this type of installation, no trouble should be encountered on the i"'1*
side of the pump provided the total lift do not exceed the lift.I10, 
of the pump. However, a long discharge A, from pump and tank to pom 1 
discharge may set up pipe friction losses sufficient to reduce the flow 9‘ w?_n" 
Careful consideration must also be given to vertical discharge elevonô  
Pressure in the tank must be greater than at point of discharge in °r°etrj 
force a given amount of water per minute through the discfKirqe pip® 0 , 
maintain a minimum pressure on the plumbing fixtures at tKe higher 
The extra pressure required is determined by the actual discharge elevatnon . 
plus discharge pipe friction losses when delivering a given quantity or "0 
to the house fixtures.
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Deep Well Pum ping S y stem .— W ater in  a  w ell m ay  stand  
near the surface o f th e  ground, b u t w hen a  pum p is p laced in  
operation the w ater level m a y  drop considerably, depending  
on the vein feeding th e  w ell. D ry  seasons o f th e  year m ay  

I also affect the w ater level.

If this water level drop below 25 feet from the pump inlet valve, a 
deep well pump must be installed

V
fig. 47.—Shallow Well Installation 3.— Pump at source of supply, tank at 
point of discharge. With this type of installation the total lift to pump 
"lost not exceed the lift limit of the pump. The pump will be operating 
under higher pressure than will be shown on the pressure gauge in the tank. 
This extra pressure is equal to the vertical distance B, plus friction loss in 
discharge pipe from pump to tank. Furthermore, pulsations of a reciprocating 
pump may cause a momentary excess pressure at each stroke. These pulsations 
oie partly absorbed by the air chamber usually furnished with this type of 
Pump, but under these conditions, installing in the discharge line near the 
Pump, an additional air chamber with check valve is recommended.

Ques. H ow are reciprocating deep w ell pum ps installed?  

4ns. D irectly  over th e  w ell.

Ques. Are deep w ell je t pum ps sim ilarly restricted?
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A n s .  N o , th ey  m ay be p laced som e distance aw ay fromth 
w ell.

Q u es. H ow  does a deep well pum p work? 

A n s . T he actual work o f pum ping w ater is done by a 
cylinder or working barrel, located  in  th e  w ell below the low 
w ater level.

DROP PIPE

DEEP W E LL  
PUMPIN6 HEAD

SET LENGTH RODS 
PLACE DISCHARGE 
HEAD BELO W  
FROST LINE

R E L IE F  VALVE 

A IR  C H A M B ER  

CHECK V A LV E  

GATE V A LV E

-DROP PIPE 
-W ELLCASIN G  ̂

- L O W E S T  WATER LEVEL 

' - C Y L IN D E R

TO  STORAGE

Figs. 48 and 49.— Deep Well Installation 1.— Reciprocating Wjj w'. 
pumping head with frost proof set. Where it is not possible to have a we 

veniently located at the house nor to provide a waterproof pit below ttie■. 
line, the method shown here should be used. In such an installation a Iros P 

set length may be attached to the pump which puts the discharge head an 
ing below the frost level.
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Ques. H ow  is th is  cylinder connected?

A n s .  I t  is  connected  to  th e  w orking head  or pumping unit 
b y  m eans o f  p ipe and  pum p rod.

Ques. 'What periodic a tten tio n  is  necessary for deep well 
pum ps?

MANHOLE COVER 

V E N T    ■ /

GROUND L E V E L

DEEP W E LL  
PUMPING HEAD

PRESSURE SWITCH 

A IR  CONTROL

TAN K DRAIN

W E L L  C A S IN G -^ lj UNION CHI Ck \  CHECK AND W A STE

ËDP.OP PIPE 
W E L L  CASING 
-LOW EST W ATER LEVEL 

^ - C Y L IN D E R

GATE VALVE

Fig. 52— Deep W ell Installation 3.— Reciprocating type with pumping 
head in pit with horizontal tank. Often the well is somewhat removed from 
the house or point of discharge, making it impossible to build a pump room 
connecting the basement. Under such conditions a frost-proof pit may 
arranged to set the pumping head and motor below frost level. A  horizontal 

type of tank may be buried in the ground with only the end extending into 
the pit for attaching gauges, controls, etc. thus saving space.

Arts. T h ey  require occasional renew al o f  th e  piston leathers 
and v a lv e  facings.

Ques. H o w  are th ey  constructed  to  facilita te  this?

vins. T h e cylinder top  is open  from  w hich th e  piston and 
low er v a lv e  m a y  be w ithdraw n w ith ou t rem oving the cylinder 
from  th e  w ell or d isturbing th e  p ipe connections. The accom
pan yin g  illu strations, figs. 48 to  52, show  various deep well 
in sta lla tion s.
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C H A P T E R  2 9

Hydraulic Rams
By definition, a hydraulic ram  is an impulse pum p.

The impulse takes place by the expenditure of dynamic inertia possessed 
by a moving column of water. That is to say, the energy due to the momen
tum of a long column of water is made to force a portion of the water to an 
elevation higher than that of the source of supply.

A ram can never deliver all th e  w ater supplied to  it .

A portion of it is wasted to allow the ram to “breathe” . That is , after the 
ram has delivered a charge of water by impulse and the water in the supply 
Pipe has come to rest, a certain quantity of water escapes to waste through 
the opening of an automatic impulse valve during each interval when the 
"ater starts moving again and accelerates up to the speed at which the im
pulse takes place.

The general hook  up  o f a ram  is show n in  fig. 1.

Here the water working the ram is supplied through a sloping pipe as 
shown. The ram should not be placed too close to the source of the supply, 
or the impulse w ill be weak, which reduces the height to which the ram 
oun deliver water.
. With a long supply pipe the ram becomes more energetic forcing water to 

higher elevations.

Essential Parts of a R am .— T he various parts necessary  
a ram are show n in elem entary form  in fig. 2.
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In addition  to  the enclosed box like base and air chamber 
w ith  their pipe connections. T hree va lves are necessary:

1. Im pulse va lve .

2 . Air cham ber va lv e .

3 . Sn ifting  or air v a lv e .

TANK

Fig. 1.—Hook up of ram to water supply and tank showing low elevation cl 
supply and high elevation of tank.

A ll th ese va lves are check va lves.

T he im pulse v a lve  is the heart o f  th e  m achine as upon it 
operation  depends.

The air chamber valve prevents a back flow of water after impulse, ex* 
cept when closing. -

The snifting or air valve admits a supply of air for the air c h a m b e r  to 
make up for that absorbed by the water.
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BASE

„ 'ater starts flow ing to  w aste through th e  im pulse v a lv e  
:‘a ually increasing in  v e lo c ity  u n til i t  finally  slam s th e  
•̂ Pulse valve shut w ith  great rap id ity . 

he sudden sh u ttin g  off o f th e  passage of escape creates  
CR1-endous pressure in the base o f th e  ram . Since it  is im possib le

COUNTER
SPRING

9.2. Elementary drawings of ram with names of parts.

How a Ram W orks.— A t th e  beginning o f th e  cycle , w hen  
the air chamber v a lv e  closes, th e  colum n o f w ater in  th e  
?jpply pipe rebounds a short d istance w hich rem oves th e  
pressure from th e im pulse v a lv e  and perm its it  to  open  o f  
its own weight.

The vacuum th u s created  causes th e  sn iffin g  or air va lve  to  
°pen admitting a sm all am ount o f  air in to  th e  base o f th e  ram .

DELIVERY PIPE

A IR  CHAM BER

A,R“«  \  j I M P U L S E
VALVE
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to stop the flow of w ater in stan tly  (because o f its  dynam ic  
iaertia) it im m ediately  finds another p a th  through th e  air 
chamber valve gradually com ing to  rest.

During the in terval it  is opposed b y  a gradual increase of air 
pressure in the air cham ber due to  th e  rising level o f th e  
scorning water.

Mile the charge o f w ater is flowing in to  th e  air cham ber, 
the air previously ad m itted  through th e  sn ifting  v a lve  is 
carried along w ith  th e  w ater in to  th e  air cham ber, w hich  
insures that there w ill a lw ays be som e air in  the air cham ber, 
thus completing th e  cycle , w hich is repeated , beginning a t the  
instant of equilibrium .

The cycle thus described m ay be sum m arized briefly as
: follows:

1- Air chamber v a lve  closes.
2. Rebound creates vacuum  and draws in air through  

snifting valve.
3. Impulse va lve  opens. W ater starts flowing to  w aste  

through impulse v a lve . 
!• At maximum v e lo c ity  im pulse v a lv e  slam s sh u t.
3. Impulse causes trem endous pressure in  boxlike base.
6. Flow detours through air cham ber v a lve  in to  air cham ber. 
A Pressure increases in air cham ber gradually bringing to  

rest the inflowing w ater, th u s com pleting th e  cycle .

Ques. What is th e  supp ly  pipe usually  ob jectionab ly  
called?

Ms. The drive p ipe.

Qiies. Why objectionably  called?

.Ms. The word drive does n o t define the function  o f the  
Pipe.
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Q u es. W hat is  the im pulse va lve  som etim es objectionably 
called?  

A n s .  T h e im petus va lve .

Two syllables are better than three.

T he Im pulse V alve.— T h is is the m ost im portant and sensi
tiv e  part o f a ram  and upon its  proper design and adjustm ent 
depends the sa tisfactory  functioning o f th is  impulse type of 
pum p. 

In the design o f an im pulse va lve  there are several require
m ents th a t are essentia l for proper operation . T hey are: 

1. C orrect v a lve  area
2 . L ight w eight o f v a lve  and stem
3. A djustab le counter balance
4 . A d justm ent for len g th  o f stroke
5. N o  frictional resistance in stem  bearings.

Evidently if the valve be too large or too small the correct flow will®* 
be obtained.

A valve too small w ill introduce added frictional resistance to flow. & 
tarding acceleration of flow during the “waste”  period, that is, while ti.e 
valve is open.

Again if too large the velocity of flow past the valve will b e  reduced  
and the rapidity with which the valve “ slams shut” w ill be r e d u c e d ' .

T h e v a lve  area, th a t is, area o f port opening should be such 
th a t the m axim um  velo c ity  o f flow w ill be 200 ft. per minuie'

In order to avoid too much static and dynamic inertia the valve elei®® 
should be light and partially counter-balanced by a spring—not a coun 
weight. This results in very quick closing without laggingjiue to static 
ertia of the assembly.

*N O TE.—This rapid closing is just as important as a rapid break of thee*' 
trodes of make and break ignition.
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With an adjustable spring counter-balance the effect or 
"eight m ay be reduced.

Means should be provided for adjusting the length of stroke( that is,
''lift" of an ordinary valve) as no ram w ill work satisfactorily unless the
valve be limited to the correct stroke to suit the pumping conditions.

*

Fig. 9 shows an  im pulse v a lve  as designed b y  the author  
embodying th e  foregoing features.

S P R I N G
A D JU S T M E N T  NUTS 

COUNTER SPRING

BEARING

SPLIT BUSHING

ST R O K E
A D JU S T M E N T  NUTS 

PLUS TH R EA D

BEA R IN G

C O L L A R

H M — - RUBBER VALVE

- M E T A L  A RM O R

9̂.9. Graham impulse valve fully adjustable.

The weight of the valve should be just enough to allow it to drop when 
e system is in equilibrium.

The accompanying illustrations figs. 10 to  14 show  approved  
ram construction.
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Ram  C alculations.— A fter it  h as been  determ ined how high 
th e  w ater delivered b y  th e  ram  is to  be raised, the following 
tab le  b y  H um phreys w ill g ive th e  necessary num ber of feet fall

Fig. 10.— Sectional view of typical ram showing construction. The parts j  
A, air chamber,- B, base; C, impetus valve,- D, valve case,- E, case scre!'’i ' 
discharge nut and tube,- G, air chamber bolt; H, check valve; I, snin">9 
valve; J, drive nut and tube.

and th e  length  o f drive p ipe required for th e  successful opera
tion  o f th e  ram:
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Ron with blade spring type impulse valve. In  construction, the escape 
v° ve is made of rubber supported by an iron washer underneath, bolting the 
rubbervalve up against the lower face of the valve stem flange, the upper 
enjJ of valve stem being bolted rigidly to a flexible spring steel lever, the 
'owe rises and drops in the valve chambertrue with the valve seat. The distance 
his valve drops in opening governs the amount of water used per minute 
UP to the full capacity of tne ram, for this purpose the lever rest is provided 

o coiled steel spring underneath and two regulating bolts by which it 
j,ay he raised or lowered, thus regulating the drop or opening of the valve, 
be delivery valve located inside the air chamber is also made of rubber, 
'enforced by a double flanged iron washer and is held in position by a rubber 

an<̂ 'ron c âmP bolted rigidly to the base of the ram. To set the ram  
° j ,c°Pacity the lever rest should be properly lowered and the bolt in the 
I °' me lever sufficiently drawn that the opposite end lies gently upon the 
Tfk reSt" se,t'n9 fhe ram to use Iess water Per minute the manipulation 
,°l ese bolts should be reversed. At no time should the water escape through 
e e  fome spurting from the opening.- the lever rest should be lowered 

wh if fens'on ln encf °f lever slackened. The brass air feeder pin 
'cn regulates the air supply must always be sufficiently open that a little 

|iScapes at each stroke of the ram. A  metallic sound in the pipes or irregular 
ôw at place of delivery indicates that the air pipe should be slightly opened; 
quantity of air escaping at intervals, indicates it should be slightly closed.

AIR CHAMBER

IMPULSE VALVE
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To Deliver Water 
to the following 
Delivery Heads 

20 feet.above ram
30 “ “ “
40 “ “ “
50 “ “ “
go « « «
80 “ “ “

100 “ “
120 “ “ “

Place Ram Under 

5 feet Drive Head
6 « u u

8 U u u

10 It it it

12 u u It

16 u u It

20 u u u

24 u u u

C onducted  Through

30 feet of drive pipe 
30 “ “ “ *
40 “ “ “ ‘
50 “ “ “ ' ‘
60 “ “ “ 1
80 “ “ “ ‘

100 “ “ " '
125 “ “ “ “

Figs. 12 and 13.— Double acting ram. Fig. 12, exterior view,- fig. 13/ 
view.

sectional

E x a m p le .—If  the total vertical distance from level of the ram to po 
of delivery be 80 feet, from the above it w ill be seen that.it is nece 
to place ram 16 feet lower than the water which supplies the ram. ^  
to use 80 feet of drive pipe. Any size of hydraulic ram can be used u 
the above conditions.
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In order to  ascertain th e  approxim ate q u an tity  of w ater  
which a certain ram  w ill deliver, it  is necessary to  determ ine  
the number o f gallons o f  w ater availab le for its  su p p ly , the  
fall from the supply  to  th e  ram  and th e  vertica l height to  w hich  
the water w ill be forced b y  th e  ram . W hen th is  is know n, 
the approximate delivery m ay  be secured b y  th e  use of the  
accompanying T ab le o f C apacities.

^9. 14.— Familiar pattern of hydraulic ram made in sizes ]/>, to 1 4 gals, per 
minute.

Rule.—M ultiply the factor opposite drive head and under 
delivery head by the number of gallons used per minute by the 
nni. The result w ill be th e  num ber o f gallons delivered b y  th e  
ram in tw enty-four hours.

E xam ple.—W ith a supply of 5 gals, per minute under a fall of 6 ft. and a 
delivery head of 20 ft ., according to Humphreys, a No. 4 ram w ill deliver 
aPproximately 5 times 324 or 1,620 gals, of water in 24 hours.
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CNIh-C-IOOCOTHiOOęoOĈ ÔOOO COCÔ -̂ lOOt̂ -OOOCNCOT̂ iOCOOO 

r ~ i rtH H H H H

C0WC0*i<O(M-«i<00r-<lc00r-iV000W
C O ^ ^ L Q o N C O O m w ^ C O N C O O

H H H h HHHCS
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■For a  sm all supply, 
th e  am ount of water 
available per minute 
can easily  be deter
m ined b y  th e  length oi 
tim e required to fill an 
ordinary gallon pail.

Ho^v to M easure  
Flow  o f W ater—The 
flow from  a  spring or a 
brook usually deter
m ines th e  proper size 
ram  to  install, small 
springs or streams 
should be conveyed by 
m eans o f  a pipe or 
trough in to  a vessel for 
one m inute or less, and 
the con ten ts measured, 
th u s accurately obtain
ing th e  flow of gallons 
per m inute. If fall ^  
insufficient to  convey 
th e  w ater into a bucket 
or tu b , sink the vessel 
in th e  ground (or water) 
u n til it  passes under 
th e  end of pip6 cr
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Relative H ead  and Fall giving M axim um  Efficiency
(According to Columbiana)

To deliver Water Proper Length of
to Height of Place Ram Under Drive Pipe

20 feet above ram 3 feet head or fall 30 feet of drive pipe
O ft  U U It  A i t  «  «  «  “  U  u  u30 U u a 4 “ u a it 30 ‘ u
40 u a u 5 “ u tt u 40 1 tt U a
50 u it u 7 “ tc u tt 50 Ct tt “
60 u u tc 8 “ It It u 60 tt . tt ’ u
80 u a u 10 “ tt u u 80 it

100 a u a 14 “ a u tt 100 it It tt

120 ct a u 17 “ U it u 125 > u u u

"Any size ram may be operated under these conditions and w ill afford 
the following approximate delivery:

No. 2 require 2 to 3 gals, per min. and del. 10 to 15'gals. per hour
«<2 11 9 11 4 u 11 « u u iq  u 20 i( u 11
u  ̂ u 3 U rj U It It it (I 15 tt 33 It « 11

“ 5 “ 6 u 12 “ tt 11 11 “ 30 “ 60 “ “ “

The following rule (according to  R ife) g ives the num ber of  
gallons of w ater th a t m ay  be delivered per hour to  a g iven  p o in t.

Rule.—M ultiply the number of gallons the spring or stream 
flows per minute by the feet in fa ll. M ultiply this product by 
40, then divide by the number of'feet the water is to be elevated 
obove the ram. T h e result w ill be th e  num ber o f gallons d e
livered per hour.

Exam ple .—If  the flow of water be 15 gals, per minute under 8 ft. head, 
how many gallons delivered per hour at 50 feet elevation?

Flow' of water per m inute. ...........................15 gallons
Fall of same..........................................................  8  feet

120 
40 ‘

50)4800

96 gallons delivered per hour
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Valve stem\
VALVE '^PRING 

VALVE b IS K

V^LVE 

AIR CHAMBER B O LT  

VALVE S E A T '

BRASS 
pIPE TUBE

COUPLING NUT

IM P ET U S  
VALVE ST EM

.VALVE ST EM  N UT 

AD JU STIN G  NUT 

LO CK NUT

IM P ET U S  VALVE 
C A S E

IM P E T U S  VA LVE

VALVE C A S E  
S C R E W S

f'9-16.—Another example of ram construction.

c/the spring (in feel) above ram; then divide by the height (in f t .)  
klween ram and point of delivery. T h e resu lt w ill be th e  num - 
ber °f gallons delivered per d ay  o f 24 hrs.

How to Install a R ain .— For satisfactory  operation  a ram  
should not be installed  in a haphazard w ay , b u t in accordance  
?ith certain conditions w hich  experience has proven to  be essen- 
H  for best results.

The following rule b y  R um sey g ives the num ber o f gallons 
delivered per 24 hours:

Rule.—M ultiply the number of gallons furnished by the 
spring per minute, by 936; multiply this product by the height
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The following general inform ation should be n oted .
The fall or vertica l d istance from  surface o f w ater in  the  

apply reservoir to  supp ly  opening in  th e  ram , m u st n o t be 
less than tw o feet, as th is is th e  low est head under w hich a  
ram will work sa tisfactorily .

The discharge elevation  m u st not be less th an  six  tim es  
’.or more than tw elve  tim es the fa ll.

H ydrau l ic  R a m s  111

'S. 17.—Ram construction showing swivel type supply connection and clock 
on valve. To starł the ram, open the valve in the drive pipe and close the 
valve in delivery pipe. Work the impetus valve up and down by hand a few 
llmes and as pressure in the air chamber increases the impetus valve will work 
automatically and when this occurs gradually open the valve in delivery pipe 
ana allow water to be forced up through this pipe to reservoir. Unless the 
Pressure in the air chamber be greater than the pressure due to the height of 
«Wee above ram the impetus valve will be forced shut and stay so; hence 
Y closing the valve in delivery pipe the pressure in the air chamber increases 

rapidly and the ram begins its operations at once.
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9̂- 27.— Installation of ram at long distance from source of supply; barrel 
method.Jf the ram must be at a distance from the supply to get sufficient fall, 
pipe the water to a barrel set at the right point. Lay the drive straight on a 
gradual Incline, bending It ¡ust enough to connect to the ram. If the drive 
Pipe should be found to be too long for the amount of fall secured then the 
water should be piped from the source of supply to a point within the required 
distance of the ram. At this point, an open barrel should be placed and the 
drive pipe connected to It, or should the fall be so great as to interfere with 
the operation of the ram. adoption of the same plan Is advised. The pipe 
leading from the source or supply to the barrel should be at least a size larger 
than the drive pipe between the barrel and the ram.

Should the discharge elevation be less than six times the fall, this 
condition may be corrected by installing a valve in the line and throttling 
it so as to produce the required back pressure by restriction.

Quantity discharged b y  th e  ram  w ill be approxim ately  from  
1/12 to 1 /2 4  o f th e  am ount supplied  to  th e  ram , depending  
upon the ratio o f e levation  to  fall.

Multiply the fall in feet by the number of gallons per minute supplied; 
divide the product by twice the discharge elevation; the result w ill be the 
approximate quantity discharged per minute.
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B atteries of R am s.— In m any cases larger capacities are 
desired th an  it  is practical for one ram  to  handle to good 
ad van tage. For such cond itions several ram s m ay be used 
connected  in parallel to  a single discharge p ipe.

Points R elating to Ram s.-—1. W here the w ater supply is lim
ite d , a ram  m u st be used w hich th e  spring w ill furnish with 
a t least th e  m inim um  q u an tity  of w ater sta ted  by the manu
facturer o f th e  ram  selected .

2. Where the water supply is abundant, the selection of the proper 
size of ram is governed by the quantity of water desired per day. If more 
water be desired than a single ram can furnish, batteries-of two or more 
rams may be employed, each having a separate drive pipe but discharging 
into a common delivery pipe.

3. A ram w ill operate with an 18 in . fa ll, but w ill pump fu r th e r  when 
the fall is greater.

4. A  fall of 10 ft. is sufficient to raise water 150 ft. or more.
5. When the water has to be carried to a distance, the ram also has 

to overcome friction in the pipe which should be considered as part of 
the elevation.

6 . The proportion between the amount of water taken from the spring 
and the amount delivered to the tank depends on the relative height oi 
fall and elevation.

7. In  conveying water to a distance of 800 to 900 ft. from the ram, 
about one-tenth of the amount driving the ram* can be raised to an eleva
tion ten times as high as the fa ll, or about one-seventh can be raised five 
times as high as the fall.

8 . W ith a fall of 5 ft. ,  for every seven gals, drawn from t h e  s p r i n g ,one 
may be raised 25 ft. or a little more than half a gallon 50 ft.

9. Make all joints tight.
10. Place the upper end at least a foot under water and protect it with 

a strainer coarse enough to permit a free flow.
11. A full way gate to shut off the water is convenient.
12. Avoid sharp turns or elbows as far as possible and make all joints 

tight.
13. Put a full way gate valve near the ram.
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14. In setting, the ram should be bolted to a level foundation of tim 
ber or concrete. It  is best located in a covered pit with a drain for the 
waste water.

Installing Instructions.— P lace th e  ram  in a m asonry lined  
pit and bolt it  on  a  lev e l foundation. Provide drainage for 
waste water from th e b o ttom  of p it . P ip es should  be laid  
without bends to  m inim ize friction, and be p laced below  th e  
frost line. W here turns are necessary, long bends are better  
than abrupt angles. *

The top of the drive pipe should  be fitted  w ith  a  strainer 
2nd be placed a foot or m ore below  th e  surface of th e  w ater  
and six or more inches above th e  b o ttom  o f reservoir. A ll 
joints should be air t ig h t.

The length of a drive pipe m u st never be less th an  five tim es  
nor more than ten  tim es th e  fall. A n y  con ven ien t len g th  
within this range m ay be used .

If source of supp ly be too  far from th e  ram  location  to  
hep the length of drive p ipe w ith in  th e  proper lim its, install 
® intermediate reservoir from  w hich th e  drive p ipe can  tak e  
its supply.

Pipe at least one size larger th an  th e  drive p ipe should  be 
used to connect the source of su p p ly  to  th is  reservoir.

Discharge should be p iped in to  a reservoir or storage tan k . 
If storage tank be open  it  should  be fitted  w ith  a  p iped over
flow.

ft pneumatic tank  be used , a relief v a lv e  se t a t  th e  required  
pressure should be installed  to  p reven t breakage from  excessive  
Pressure.

The length of th e  discharge pipe for an y  given  elevation  
%  be any length, provided th e  pipe be of sufficient size. 

Connect all pipes before startin g  th e  ram  and leave th em  
|wcovered until it  is found there are no leaks.
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H ow  to Start a R am .— T o  p u t a ram  in to  operation simply 
open  gate  v a lve  in  supp ly  pipe and press dow n the impulse 
v a lv e  w hich  perm its th e  w ater to  discharge; then  allow it to 
rise. T h e  ram  should continue to  operate after th is procedure 
is repeated a few  tim es. If  it  should  n o t, th e  impulse valve 
stroke is  n o t properly adjusted . B y  changing the adjustm ent 
and trying again , th e  correct adjustm ent w ill be r e a d ily  ob
ta ined . T h e  n u ts  on  th e  im pulse v a lv e  govern th is adjustm ent.

Should th e  fall be n o t sufficient, th e  q u an tity  discharged 
w ill be very  sm all. If the fall be too  great, th e  impulse valve 
seat and v a lv e  w ill soon  wear ou t due to  the excessive hammer
ing o f these parts.

H ow  to Stop a R am .— T h e su p p ly  p ipe should be p rov id ed  
w ith  a gate v a lv e  b y  m eans o f w hich  to  control the flow in  the 
supp ly  pipe and to  stop  th e  ram .

Ram  T rou b les.— 1. Should th e  ram  stop  w ith  the impetus 
v a lv e  u p , there is a  leak som ew here ab ou t the valve seat or 
flange w hich  m ust be located  and stop p ed . N o  weight is needed 
on the im petus v a lv e  to  m ake it  drop. I t  is heavy enough 
to  drop of itse lf, if there be no pressure under it  from leakage-

2. Should the ram stop with the impetus valve down, it is evidence 
an insufficient supply of water. The strainer may be stopped uporth 
gate way not have opened wide enough. If  the water level in the spring y 
drawn down, the trouble lies with the quantity of water furnished. TW 
ram can then be adjusted to a shorter stroke to use less water and 
sary one or more of the valve ports can be closed up by forcing dry ww 
into the opening or soldering in a piece of brass.

3. I f  the ram operate and deliver no water, the air may be exhausted 
from the air chamber. To refill it , shut off the pipes and takeout» 
cap on the opposite side from the discharge pipe. If  the impetus van 
be making an upward stroke and then fluttering at the top, there is a 
in the drive pipe. Either the pipe is leaking or else Its-end is not cos. 
pletely submerged in the spring. An obstruction lodged under the die* 
valve so as to prevent its closing may also cause this trouble.
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C H A P T E R  30

Special Service Pumps
The proper selection  o f pum ps m ust be based upon a thorough  

understanding o f th e  characteristics o f th e  fundam ental typ es  
known as centrifugal, reciprocating, turbine, rotary, e tc . T he  
differences and essentia ls o f all th ese ty p es have been fully  
explained in the foregoing chapters.

it remains to  present features o f design  th a t render any  
0ne of these fundam ental pum ps su itab le for a specialized or 
®usual service.

By definition, a special service pum p is one of a type and 
^gn  that renders it specially suited to unusual service conditions, 
!uch as fire, sew age, deep w ell, o il pum ping, e tc . E v id en tly  in  

design of such pum ps provision  should be m ade for m eeting  
dl the requirements o f the particular special service for w hich  

pump is intended.

Special Service C onditions.— T h e m u ltip lic ity  o f  special 
Pumps which have been  introduced are due to  the great variety  

unusual conditions o f operations, m et w ith  in  practice, 
hese conditions m ay  be classified or d ivided  in to  different 

Smups such as:
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1. W ith  respect to  pressure

a. Low  (tank)

b. M edium  (tank)

c. H igh  (boiler feed)
d. E xtra  h igh (hydraulic)

2 . W ith  respect to  th e  nature of th e  liquid

• a. Pure water

b. Sewage■.kludge

c. Magma

d. Trash

e. Thick

/ . Paper stock

g. Oil
Various chemicals 

i. M ilk, etc.

3. W ith  respect to  capacity-pressure conditions, as

a. Irrigation (propeller)

b. Hydraulic

4. W ith  respect to  in sta lla tion  con d ition s, as

a. D ry pit

b. Shallow well

c. Deep well

d . Automatic sump
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5. With respect to  m iscellaneous app lications, as

a. Fire
b. Railroad
c. Automobile
d. Diesel
e. Drainage
/. Contractors
g. Measuring
h. Mines
i. Long stroke
j .  Sinking
k. Differential

Low Service or T ank P u m p s.— W here w ater and other  
liquids are to  be pum ped to  m oderate heights a t  working  
Pressures up to  75 lbs. per sq . in . ligh t d u ty  sim plex or duplex  
piston pumps are generally  used . T h ey  are ad apted  for use  
in connection w ith  railroad w ater sta tion s, gas p lan ts, tanneries, 
sugar refineries, b leacheries, e tc .

These pumps are sim ilar in design to standard general service pumps, 
but by reason of their cylinder proportions they are more economical in 
steam consumption for this class of service.

An idea of th e  difference in  cylinder d im ensions is show n  
* the following tab u lation  o f general service and  low  service  
duplex (tank) pum ps:

G e n e ra l S e rv ic e  P u m p s  
Steam Cylinder Water Cylinder
Diameter, ins. Diameter, ins.

Stroke
ins.

4

16

3 2
ranging up to 

10 12
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L o w  S e rv ic e , T a n k  P u m p s

3 2Ĵ  4
10 10 12

In th ese tab u lation s n ote  th a t there is greater difference 
betw een  diam eters o f steam  and w ater cylinders of the general 
service pum ps th an  for th e  low  service or tan k  pumps. This 
is because th e  general service pum ps are designed to pump
against greater pressures than  th e  tank  pum ps. That is,

Fig. 1.— Low service or tank sfeam duplex pump for water working Prysi“jf
up to 75 lbs. per sq. in. They are adapted for use in connection w i th  
water stations, gas plants, tanneries, oil works, sugar refineries, bleachenes,

general service pum ps are proportioned to  pump aĝ in» 
pressures up to  200 lb s. per sq . in s. as com pared with a lo 
lim it for low  service or tan k  pum ps. ,

F igs. 1 and 2 show  ty p ica l steam  duplex low  service an 
general service pum ps from  w hich  it  is seen that they are 
sim ilar in  design , th e  ch ief difference being in the cyhn 

proportions.
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For general and low  service duplex pum ps three k inds of 
packing are provided for th e  w ater end: 

1. Soft canvas.
2. Babbitt float rings
3. Ball and snap  rings, 

as shown in figs. 3 to  5.

3̂* 2.' General service steam duplex pump for water working pressures up to 
'50 lbs. per sq. in. They are adapted to railroad water stations, large in- 
“Wlrial plants and various other installations where a greater head than for 
ow service pump is essential. The chief difference between the low and 
Seneral service is the steam water cylinder ratio.

Qites. For w hat cond itions is can vas packing used?  

^ns- For pum ping h o t or cold w ater. 

Ques. When are ball and snap rings used?
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The general requirem ents are:

1. O peration a t variable speed .
2. O peration w ith  h o t feed w ater.

The large num ber of ty p es o f  pum ps used for boiler feeding  
may be divided in to  tw o  classes:

1. Reciprocating
2. Centrifugal
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fig- 6.—Chart indicating selection of boiler feed pump according to a noted 
authority.

Between these two classes, two factors which govern selec
tion are:

1. Steam pressure
2. Size of p lant



792 Special Service Pum ps

Suggested selection according to Worthington is given in 
the chart, fig. 6. Because of space requirements and cost, 
the upper limit of the reciprocating pump is given as 400 
gallons per minute; other factors also enter into limiting 
capacity.

For reliability the duplex is to be preferred to the simplex.
A duplex pump will always sta rt while a simplex pump may or may not 

start. Practically all forms of simplex and duplex pumps are used, such as 
piston, plunger, vertical, horizontal, pot valve, etc. All of these patterns 
have been shown in preceding chapters.

Fig. 7.—Simplex horizontal double acting, outside end packed, pot vâve 
boiler feed pump for 300 lbs. working pressure.

Only two examples of the reciprocating class are here given.
Fig. 7 shows a very rugged design of simplex double acting 

pump outside end packed pot valve pattern suitable for 
lbs. working pressure.

A general idea of proportions and range of standard sizes 
is obtained from the accompanying tabulation.. The sectional 
view and part list, figs. 8 to 22, show .construction of the pump 
illustrated in fig. 7.



Special Service Pum ps  793
TABULATION OF SIZES OF PUMP FIG S . 7 TO 22

I

I
15

i l -

S i

H W

Boiler Feed 
and Pro* sure Service

a
It .

I s

General Service P IP E SIZES

I t
M-3

L

I

VW

E
is
e I
w Z

E

l a

I s

i
is
I I

E
s s
u Z

1
S

3
1
u

a

Ï
m

1

as
i a 7 .33 45 14 200 80-100 26- 33 Va 1 2 I X 76 X 11
t 10 .55 40 22 315 60- 80 33- 44 i  y< 3 2 94 X H
i b u 1.02 10 40 580 5 0- 60 51- 60 1 u i 4 I X 110 X 14

6 u 1.47 40 58 840 5 0 - 60 73- 88 m 2 4 114 X 16
ii 7 12 2.00 40 80 1160 5 0- 60 100-120 2 2 « 6 4 118 X 18

8 12 2.61 40 104 1500 5 0- 60 130-156 2 3 6 4 125 x  18
8 16 3.48 40 139 2000 4 0 - 50 174-208 2 3 6 4 151 X 18
9 20 5.50 35 192 2780 4 0- 50 174-217 2 3 7 6 176 X 23

10 18 6.12 35 214 3100 4 0 - 50 220-275 3 8 7 166 X 23

F igs.

accompanying nsr or pans.
LIQ UID END

Pump Cylinder 61A
W ater Cyl. T hroa t Bush. 61B
W ater Valve Seat 71.
W ater Valve Spring 83.
W ater Valve 92.
Side Rod 93.
P lunger Crosshead, In n er 94.
P lunger Crosshead, Outer 98.

2.
41.
50.
51.
52. 
67. 
59A 
59B 
60A. 
60B

pump shown in fig. 7 , with

Plun  Gland, Inner 1 
P lun. Gland, O uter ) wote 
Valve Pot. See note. 
D ischarge Connection 
P lates fo r Valve 
V alve Stem 
Valve Guard 
Valve P ot Cover

Plunger, In n er 1 
Plunger, O uter J N °te

42 4 3  4 4  7

L I '
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Fig. 23 shows a sm all duplex pump of the one piece pattern 
with pressed in tube liners. T his is a very sm all pump, size 
3 x 2 x 4 for 250 lbs. water pressure.

For medium and large size boiler feeding a t high steam pressure, cen
trifugal pumps are used. W ith steam pressures above the limit for re
ciprocating pumps and ranging as high as 2,000 lbs. per sq. in. and over, 
the multi-stage centrifugal pump is used.

A typical six stage centrifugal pump direct coupled to an 
electric motor is shown in fig. 24.

This pattern is suitable for boiler feeding up to  approximately 600 lbs. 
per sq. in. The rotor is hydraulically balanced by placing an equal number 
of impellers back to  back, designed for 3,600 r.p.m. operation.

Fig. 23.—Small duplex boiler feed steam pump one piece pattern.

“ Doctor”  Boiler Feed Pumps.— In  W estern river steam boat 
practice, a unique type vertical beam engine w ith crank and 
fly wheel operating four pumps and having feed water heaters 
supported by the frame. Two single lift pumps draw water 
from the rive r and deliver it  to the heaters, while"the other 
two or feed pumps proper, pump from the heaters into the 
boilers. Each pump has sufficient capacity to supply all the



•/: ';v..::~t,■'/■■ ’. - v ÿ X '■• ;•■ :̂- ~- ••'"J-'-'

%. 24.—-Six stage centrifugal boiler feed pump direct coupled to electric
motor.
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boilers so that one of either kind m ay be disconnected for 
inspection or repair. T his pump is shown on page 316.

Injectors as Boiler Feeders.— T his is an efficient method as 
it delivers hot water to the boiler without pre-heating; that is, 
® feed water heater is required to do the heating. As a boiler 
feeder the efficiency of an injector is 100% less the very small

^  by radiation. The loss of work in the injector due to 
ction> reappears as heat which is carried into the boiler.

Ques. Is  the injector the most economical means of feeding 
'ater to the boiler?

Ans. No.

Ques. Why?

Ans. Because of its inability to handle hot water which 
dudes its use in feeding condensate from a hot well.
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“ Hydraulic” Pumps.—The word 
hydraulic used in connection with 
pumps means extra high pressure,k 
from say 1,000 to 5,000 lbs. persq. 

.jj in. or over. Evidently the chief 
characteristics of a pump of this 
type are:

Special Service P umps

i  2. Very large steam cylinder 
 ̂ diameter in proportion to di-

~ ameter of the water cylinder,
"o
Ou
s 3. Heavy duty stuffing boxes at 
a the water end.
CLO

"e0 .

S Hydraulic pumps are made ffl
01 various patterns, including hon- 
|  zontal, simplex and duplex designs.
l/l

•5 A typical duplex design is shov® ®
-5 figs. 25 and 26, with accompanying^
E of parts. T he external appearance011 '

V pump is shown in fig. 27.
ULl
I

A feature characteristic of 
E hydraulic pumps is that the pi“11?

1. Very substantial construction 
at the water end to withstand 
the excessive pressures.
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cylinders are solid forged steel blocks, all passages being bored 
out.

Note the small size of the water valves which suggest th a t the water 
capacity is very small.

9̂. 28. Impeller for raw sewage.

A characteristic feature is the ratio of steam, piston'and water plunger 
Diameters, The rating by manufacturers for maximum balanced water 
Pressure is usually given a t 90 lbs. steam pressure.

Sewage Pumps.—For this service there are two classes of 
centrifugal pump adapted to pump: 1. Raw sewage, or 2. Sludge 
'.treated sewage).
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F ig . 2 9 .—Type impeller with large inlet throat used for handling of high con
sistencies- ancd uniform capacities. A  quill completely shrouds the shaft an 
prevents the wrapping of strings and rags about it. The stock can only ‘'O»' 
directly to the eye of the- impeller where then, and not only then, it ¡5 su 
¡ected to the twisting motion of the shaft.

handling raw sewage because of the presence of larger q u a n t it ie s  
of various solids.

A typical sludge pump has in addition to the proper type 
impeller, a double threaded screw in the inlet connection to

Handling sludge from a treat
ment plant is more difficult than

By definition, sludge is the solid 
precipitant which remains after raw 
sewage has been chemically or hoc- 
terially treated.

The difference between pumps for 
raw sewage and sludge is the type 
of impeller used.

Fig. 28 shows type of impeller used 
for raw sewages on a well known pump- 
To avoid clogging, i t  is of the endosed 
type and made extra wide, having 2to4 
vanes depending upon the size of puniP-

In design the inlet portion of the 
vanes is generally rounded to offer 
least resistance to flow and it is 
otherwise so shaped that strings, 
rags and paper which are apt to 
form a wad or a ball will not clog.
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force the sludge into the impeller; each thread of the screw 
connects to a vane of the impeller.

Ques. What provision is made for cutting up the stringy- 
material so as to prevent clogging of the pump?

Ans. There are four flutes and a ring in the screw housing 
and four flutes in the pump casing all of which have cutting 
edges.

Four of the latter are in front of the impeller and two behind it.

Ques. Where does the cutting take place?

Ans. Between the edges of the screw and the cutting edges 
m the screw housing and between the edges of the impeller 
Hades, and the cutting edges on the pump casing.

Ques. Describe the travel of the sludge through the pump.

Ans. Sludge enters the pump inlet and is carried forward 
111 a continuous stream by the screw conveyor to the impeller.

Solids or stringy substances th a t extend beyond the edges of the screw 
afe cut up between the stellited edges of the screw’ and stellited flutes of 
the screw housing.

Magma Pumps.—By definition, the term magma includes 
% crude mixture especially of organic matter in the form of a 
Min paste. It also means a confection, hence the name given 
0 a Pump belonging to a sugar house apparatus, designed for 
Moving the various heavy mixtures and non-liquids occurring 
111 die process of sugar making.
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F ig . 30.—Simplex magma pump without inlet valves. The liquid cylinder is 
fitted with a fixed bronze lining, through which a solid grooved bronze ph|01' 
works. The grooved piston helps keep the lining lubricated and the grooves 
eliminate the need for packing of any kind.

The pumping cycle for one end of 1;he cylinder is shown in 
figs. 37 to 40.

From this it is seen th a t the function of an inlet valve is performed bj 
the piston similarly, as in the case of a two cycle gas engine.

Trash Pumps.—For this duty centrifugal pumps are used, 
designed especially for the economical h a n d l i n g  ofiunscreened 
sewage and fluids containing large solids and much foreign 
matter. Adaptations are for pumping bagasse, beet pulp>

The distinguishing feature of these pumps is the absence of 
inlet valves. The liquid handled must flow by gravity to the 
unit under negative lift which means head and these for the 
function of the inlet valves can be performed by the piston.

One pattern of magma pump is shown in fig. 30. The big opening in 
the liquid end is the inlet. A sectional view and list of parts of another 
make of magma pump is shown in figs. 31 to 36.



Dry Pit Installation.—Fig. 44 shows a dry pit for sewage 
and trash pumps designed to be placed in a dry place. The

44 43  42 30 42  43  4 4

W i l l / /  7
E 3" *  ■ «i=J j_ j K>i ■*— r a -----------------------------------------------------

UJOC

'̂part  ̂ *° —Sectional v'ew °f another pattern of magma pump with list of

STEAM END AND FRAME PARTS LIST.

c _ „ , 72- Piston Rod Nut.
j .  Punip Cylinder 50 . Water Valve Seat

14. Pump Cylinder Head 52 . Water Valve
lb. Valve Pot Cover 60. Plunger
41. Plunger wearing ring. 8 8 . False Head
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tannery waste, food solids, .sardines, storm water, draining 
under passes, low consistency paper pulp, etc.

The important feature is the shape of the impeller which is 
shown in figs. 41 to 43.

Fig. 41 shows general appearance of the impeller; figs. 42 and 43 are 
the same impeller sawed in half to  show the shape of the blades which 
make it possible to pump the liquids just mentioned.
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driving unit as seen is located on a floor plate above the pump. 
The arrangement shows the usual method of connecting pump 
and drive unit also piping connections. With this arrangement 
the sewage enters the inlet reservoir at the left to which the 
pump inlet pipe is connected. The float switch on the motor 
floor is actuated by the float in the inlet reservoir.

Ques. What is the action of the float switch?

figs. 41 to 43.—Impeller for handling trash. Fig. 41, general appearance; 
figs. 42 and 43, same impeller sawed in' half to show more clearly shape of 
vanes.

dns. It automatically starts and stops the pump to keep 
the liquid in the reservoir at the desired level.

In the layout shown in fig. 44 the pump is motor driven through single 
section flexible shaft.

Pumps for the Paper Industry.—-The technical knowledge 
needed to ably serve the requirements of the paper industry 
•snot acquired over night, nor by the acquisition of one or two 
engineers. It is rather the accumulated experience of years
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of contact with the actual operation of mills, the development 
of definite theories of engineering which have been tested 
and found good in the field. Centrifugal pumps are used, the 
important feature in design being the impeller, the shape of 
which to give best results is obtained by years of development 
rather than by any theoretical solution.

Typical impellers for various paper stocks are shown in 
figs. 45 to 49.

The shape and number of vanes is governed by the service conditions. 
Ail are shrouded and do not require wearing plates.
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The general characteristics of 
these impellers are few vanes, large 
inlets, heavy rigid block plates and 
flanges, the large inlet passage and 
few vanes.

These features mean tha t stock 
flows through the wide impellers at 
low velocities.

Ques. What is the required 
relation between consistency 
and velocity?

Ans. The higher the con
sistency, the lower must be the 
velocity of the stock.

& Ques. What construction is 
i. used on pumps for handling 

chlorinated paper stock, also 
concentrated hydrochloric or 
other corrosive liquids?

Ans. All internal parts ex
posed to stock are rubber cov
ered with medium or hard rub
ber as may be required.

oMha
in

Ji
.5?
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Sump Pumps.—By definition a sump is a cistern or resent|  
made at a low point prom which is pumped the water tdick 
accumulates there by drainage.

A sump pump is not a sewage pump although frequently

F ig . 50.—Sump pump unit showing foundation plate, pump, drive connection 
and automatic float control.

incorrectly so called. Accordingly the liquid pumped is 
thick like sewage and is relatively free from foreign matter.

Because of this no highly specialized design of impeller is necessary-
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An important service for sump pump is for draining non-water 
proof basements, which because of this defect become more or 
less flooded during each heavy rain.

The apparatus is en
tirely automatic in its 
action as the pump is 
submerged, thus re
quiring no priming.

The motor is con
trolled by a float and 
so arranged tha t the 
motor starts autom at
ically when the liquid 
reaches a  given height 
in the pit or cellar, 
stopping when it is 
empty.

9̂' 51.—Vertical electric motor driven sump pump for submerged operation 
with automatic float control.

One type shown in fig. 50 is arranged with the pump and discharge pipe 
supported from the sump cover so tha t all parts can be removed for in
spection and repairs by lifting the cover.

J’ig- 51 shows a brick wall sump with outfit arranged for 
disposal of accumulated storms and surface water on depressed 
areas such as underpasses.
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In such cases frequently existing sewer systems are not low enough to 
permit connection to them, and when the cost of the construction of an« 
gravity system would be prohibited, the automatic sump here described 
is used.

Shallow and Deep Well Pumps.—The essentials of these 
installations are given in figs. 52 to 55.

Ques. What is a so called deep well “engine”? 
Ans. A rather far fetched name for a vertical direct acting 

steam pump.
The general appearance of one of these units is shown in fig- ^  

construction in figs. 57 and 58.

Ques. In design name an important point to be considered-
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Ans. Deep well pumps are designed to be used under a widely 
varying range of conditions.

For instance, on very deep wells in which the weight of the rod consti
tutes a large proportion of the load.

They may also be used for shallow wells where the weight of the rod is 
negligible; they may be built with or without a displacement plunger» 
suit either of these conditions.

Fig. 56 .—Vertical deep well steam pump, so called pumping engine.
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Ques. What provision is made to accommodate the wide 
range of pumping rod weight?

®  Auxiliary V alve S te m .
2 " v s  L e v e r .

! L■-tension for A ctuating  Lever.
110 a ^ Left Cam  Blocks on Valve Stem .
111 oCtu.â ,n8 Lever S tud.

!<■* Collar on P iston  R od G uide to  work

Valve S tem  Rod.
115 1 Pi1 to CoHar to R od Guide. 

Uwcr Head for Yoke Rods.116 a «or I okc no*
Çtuatmg L ev er B ra c k e t.

119 d ,ar?e Box
Rcgulati■*n8 V alve S leeve.

2 U pper S team  Cylinder H ead.
3 Lower S team  Cylinder H ead.
4 D isplacem ent P lunger.
5 D isplacem ent P lunger H eads.
6 Steam  Piston.

12 S team  P iston  Rod.
\ 2 \  Lower P is ton  Rod-
19 S team  V alve Chest.
20 Steam  V alve C hest H eads.
21 Steam  C hest P iston .
34 Lifting E ye for H ead.
35 P lunger Stuffing Box.
36 S team  P iston  Rod G land.
36A Plunger Stuffing Box G land.
36B G land for Regulating Valve.
37 Steam  C ylinder Rings.
37A S team  C hest Rings.
39 S team  Cylinder.
68 T ie Rods.
74 W ell Casing Flange.
80 Regulating V alve Stem .
80^ H and W heel for Regulating Valve.
87 D isplacem ent P lunger Jam  N ut.
92 P iston  Rod G uide or Crosshcad.
92} C rosshead C lam p Cap.
96 Base P late.

101 Auxiliary V alve S tem  Stuffing Box.
102 Auxiliary V alve S tem  Stuffing Box N u t.
103 Auxiliary V alve S tem  Stuffing Box G land.
104 M ain  Slide Valve.
105 A uxiliary Slide Valve.

9̂s. 57 and 58.—Sectional views of the deep well pump shown 
QKompanying list of parts.

fig. 56 with
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A ns. Cushion valves are provided for the steam cylinder by 
means of which the steam may be throttled when entering the 
cylinder, and the exhaust may be throttled when leaving the 
cylinder, and this may be done independently on the up and 
down strokes.

This enables the engineer to adjust the pump so th a t i t  will make both 
up strokes and down strokes a t uniform rate of speed regardless of con
ditions.

F ig . 59.— Propeller type impeller as used on irrigation oump.

Irrigation Pumps.—For this service, pumps are especially 
designed for large capacity and low head. Other applications 
are land drainage, flood control, storm water disposal, etc.

These pumps are also known as “propeller” pumps because 
the impeller resembles somewhat a marine propeller as way 
be seen in fig. 59.

Service requirements usually call for reasonably portable s e l f -c o n ta in e d  
pumping units th a t can be suspended in a  simple manner from a flo" 0 
structure over the water.
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Long Stroke Piston Pumps.—This type of pump is suitable 
lor rolling mills, blast furnaces, sugar or oil refineries and other 
situations where continuous pumping is required.
Atypical long stroke piston pump is shown in fig. 60.

Ques. What are the distinguishing features of this pump?
Ans. The stroke is nearly twice as long as for ordinary 

service and the valve chests are placed at both ends of the water 
cylinder.

f*
'.i j.®‘ Simplex |ong stroke piston pump having various applications in 

E9 oil refineries.

Ques. Why is the stroke made .extra long?
Ans. Because the pistons and rods are brought into action 
y half the number of times for the same piston speed which 

reuuces wear.
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Ques. Why are the valve chests placed at the ends?

4 ns. So that the water passages are short and direct.

Figs. 61 an d  62.—Sinking pumps. Fig. 61, prospector’s/ Fig* 62, re- 
mine shaft sinking pump.
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Ques. Give some standard cylinder proportions illustrating 
long stroke that is diameter cylinder and length of stroke.

Ins. 10 x 5; 10 x 6; 12 x 7, etc.

Sinking Pumps.—The pumps illustrated here are direct 
connected double acting outside center packed plunger steam 
pomps. According to size they are classed as:

1. Prospector’s
2. Mine shaft sinking.

They are of rugged construction and capable of handling 
Shtty water.

Figs. 61 and 62 show general appearance of the prospector’s and mine 
shaft sinking patterns respectively.

Ques. What is the peculiar placement of the water valves?

4ns. The admission and discharge valves are arranged in 
chamber at the top of the water end of the pump.

Ques. How is the exhaust steam disposed of?

4ns. The pump can be arranged to condense the exhaust 
4eam in a chamber connected in the inlet line.

Ques. What becomes of the condensate?

4ns. It enters the pump through the inlet and is discharged 
•° the surface with the other water being pumped.
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The water cylinders must be full of water before exhaust is turrai 
. into condenser. This is accomplished by exhausting into atmosphere until 

the water cylinders are primed.

C o n tra c to r’ s Differential 
' Sinking Pump. —  This type 
pump is suited for situations 
where the lift is light and where 
the water contains a good deal 
of sediment. Its general appear
ance is shown in fig. 63.

Ques. Name an important 
feature of this pump?

/In s . By discarding the valve 
chest and placing the valves in 
the lower cylinder and plunger-

Ques. What is the nature of 
the flow of water?

/In s . It is uni-directional.

Ques. What is the advan
tage of uni-directional flow?

' llv
Fig. 63.— Contractor’s differential plunger sinking pump adapted especl° 

to Iight Jiff with water containing a good deal of sediment.

Ans. Lightness.

Ques. How is lightness at
tained?



ins. It reduces frictional resistance and prevents the ac
cumulation of sediment over the valves.

Fire Pumps.—For this service the construction must be 
aibstantial and according to the regulations of the National 
Board of Fire Underwriters: They must be tested and approved 
by both the Underwriter’s Laboratories, Chicago, Ills., and 
the inspection department of the Associated Factory Fire 
Insurance Companies.
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3̂. 64.—Centrifugal fire pump with complete fittings, but without relief

Two fundamental types are used: 
b Reciprocating
2. Centrifugal— '^ c n u n u g c u

The reciprocating type is for stationary installations as in 
buildings and on shipboard. The centrifugal type is used for 
°°th stationary and on portable City fire apparatus.
. Fig- 64—Show's-a centrifugal fire pump with the follow- 
‘•‘§ features of construction:
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1. Extra large valves and water passages to permit the complete and easy 
filling of the chambers when the pumps are operating'at maximum speed.

2. Valve gears of special design to  enable the pump to operate a t a high 
rate of speed without jar or possible derangement of the valves.

Because of these features the pumps can be operated beyond 
their rated capacities in emergencies, when an additional 
quantity of water might prove the means of preventing heavy 
freloss. 

Ques. For what working pressure are the reciprocating 
fire pumps designed? 

Ans. For a constant water working pressure not exceeding 
150 lbs. per sq. ins. 

Ques. What is the capacity range for standard sizes? 
'Ins. 204 to 660 gallons per minute at rated speed. 

Ques. What is the usual capacity range of standard gasoline 
Hen centrifugal fire pumps? 

'Ins. From 750 to 1500 gallons per minute.
Figs. 65 and 66 with the accompanying table show two views of a 

gasoline driven fire pump, various dimensions given in the table.

Chemical Pumps.—All iron or iron pumps with bronze fittings 
should be used where possible, due to low cost. For common 
^micals the following alloys should prove most economical.

Sulphuric acid .—All iron for 95 to 100% concentration. All lead has 
the lowest rate of corrosion for any concentration up to  about 55% hot 
or wld and has very good resistance from 55 to 75% hot or cold.

Monel metal has slightly lower corrosion rate between the latter values. 
f°r 75 to 95% concentration hot or cold, Monel metal appears to  be best 
-tuted. Acid resisting bronze and also Ni-resist can be used.
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H ydrochloric acid .—Medium and soft rubber pumps are recommence 
for cold hydrochloric acid. For hot concentrated acid Hastelloy B.

C austic soda .—All iron pumps are entirely satisfactory for cold sec
tion. For high and boiling temperatures all nickel gives the lowest ntt

F ig . 67 .— Lead chemical centrifugal pump arranged for tex rope drive.

Lead Acid Pumps.— Among the chemicals which may t* 
handled successfully w ith lead pumps are hot or cold s u lp h u n c  

acid of a ll strengths, sulphurous acid, alum , ammonium sul
phate, and copper sulphate.

Designed prim arily for all lead construction, these pWf3 
are also available in all iron or special alloys, including alu®‘ 
num alloy.

In construction impeller and pump casing are so designed that« ‘ 
when of all lead construction, relatively high impeller speeds and ca •
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fig. 68.—Stainless steel chemical centrifugal pump with solid bearing stand.

—Rubber lined chemical centrifugal pump with split housing and split 
bearing stand.
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pressures are easily withstood. The casing walls are made extra thick to 
give required strength and rigidity.

When made of hard lead, all iron, stainless steel or other special alloy, 
all parts coming in contact with liquid are made of the special alloy, in
cluding stud bolts, nuts (except for all lead construction where bronze 
bolts, nuts and studs are used). Fig. 67 shows a lead pump.

Figs.

Alloy Pump.—This design is suitable for construction in 
iron, bronze, stainless steel, nickel, Hastelloy B and C, an 
most other machineable alloys, but not in all lead. >■1C 
particular metal or alloy depending upon the application- 

Fig. 68 shows a stainless steel pump.

Rubber Lined Pumps.—This construction adopts pumps ‘or 
handling solutions containing abrasive solids. A l l 'intern 
parts exposed to liquid are rubber covered with m edium  or 
hard rubber as may be necessary for particular acid to
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handled. .Fig. 69 shows a rubber lined pump split housing 
pattern with solid bearing stand.

With exceptions of hydrofluoric and glacial phosphoric glass 
is res’istant to all acids in all strengths. Glass pumps should 
not be used with alkaline solutions. Figs. 70 to 72 show glass 
impeller and glass casing of a glass pump. The general appear- 
ance of one pattern electrically driven is shown in fig. 73.

Diaphragm Pumps.—By definition a diaphragm pump is: 
that employs a yielding substance such as rubber to perform

Fig. 73 .—Glass centrifugal pump direct connected to electric motor.

Glass Pumps.—The application of centrifugal pumps made 
ofPyrex glass are for pumping acids, milk, fruit, juices, and 
acid solutions without attack on the pump parts and without 
contaminating the liquid being pumped by chemical acting 
between the liquid and pump material.
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a pumping operation in place of a piston or plunger. There 
are two basic types:

1. Closed' 2. Open 
For dewatering trenches, flooded foundations, coffer drains 

or other flooded depressions where the proportion of mud or 
sand to water is usually great, nothing has yet been proven 
as satisfactory as a properly designed diaphragm pump es
pecially engine driven.

C L O S E D
DIAPHRAGM

DISCHARGE
V A L V E

VALVE

S P O U T

Closed Diaphragm Pumps.—This type employs a diaphragm 
which does not carry a discharge valve, the two valves necessary 
for pump operation being in the base.

The essential parts are a pump chamber closed by a diaphragmi and 
having connected to  the chamber and inlet, a discharge valve as sno 
in fig. 74. The operation of the pump is shown in figs. 75 to 77.

Open Diaphragm Pumps.—This type of p u m p  differs from 
the one just described in that there is an opening in the dia
phragm which serves as a seat for the discharge valve. Thus

diaphragm pump showing essential parts.
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other liquids against pressures that range as high as 750 lbs. 
per sq. in.

They are especially constructed with large single annular valves aid 
direct passages to meet the unusually severe service of handling bean, 
viscous crude oil.

The single annular pattern of valve used allows passage of liquid through 
the seats and valves without appreciable friction, and permits operatmg 
the pumps a t high speed when a quantity of oil must be moved quickly.

Ques. W hat kind of valves and seats are used and why?

/tn s. Brass valves of the single annular type w o rk in g  on 

cast iron seats. T his construction being found most suitable 
for handling oil.

OPEN
DIAPHRAGM

DISCHARGE VALVE

F ig . 78.—Open type diaphragm pump showing essential parts.

Ques. Describe interior construction of liquid end. 
A rts .  A ll of the passages w ithin the pump through which 

liq u id  moves are made large in diameter so that the friction 

when handling heavy o il'is kept at a minimum.
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Frequently in oil field service th e ’valves must be reached quickly. In 
the pump shown in fig. 88, each valve can be reached by removing a small 
plate,

—diaphragm bilge pump with 
hinged head, beveled rim and groove,

inlet having such features as

f ; i-— --------- ; .
'̂.^■““Diaphragm lift and force pump designed for yachts and small boats. 

as a three way cock on inlet for washing decks aside from bilge use.
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MACHINED VALVE SEAT,

DIAPHRAGM LIFT ARM

IMPROVED PUMP BOWL
PATENTED DOUBLE WING GUIDED 

RUBBER-FACED POPPET VALVE

gasket m wt'f

HAND HOLE'

DETACHABLE SUCTION FlM»

F ig .  8 1 .— Open diaphragm pump. This pump delivers the water out of o 
"pitcher style” spout and is recommended for dewatering purposes where II* 
pumped water can be carried away by gravity flow. The d i s c h a r g e  valve1' 
double wing outside guided and has automatic air vent. This baffle P10 
when properly used keeps the level of water in the bowl of the pump op0’ 
the extreme lift of the double wing, outside guided discharge valve u>Tj 

This air vent prevents air locking on high lifts. If this air vent be not sen* 
with water the pump will either lose its prime or fail to deliver its full cap* 1it 
The baffle plate being an independent piece, can be removed from the pu- 
bowl when it becomes necessary to clean out the bowl.

Hot Oil Power Pumps.—Competition and progress in the 
oil industry are forcing the refineries to install the most efficient 
of refining equipment. The hot oil pumps may be classifieds:
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QUICK OPENINS 
VALVE CAGE COVER

ONE PIECE GASKETS 
AnoV A LV E

CARRY-OFF . ,  
ATTACHMENT

lTi®̂ ’~P°ub!e, walking beam type diaphragm pump with gas engine drive. 
e unit is mounted on a truck.

BOLTEDom PUMP BASE 
in PLACE OF HAND HOLE PLATE

fig. 82.—Diaphragm pump with carry off attachment.

DISCHARGE VALVE 
C LA M P
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1. Simplex
2. Duplex I  Steam driven
3. Crank and fly wheelJ
4. Gas engine driven power pumps.

a. Direct connected
b. Enclosed frame.

'9s. 85 and 86.— Special type diaphragm actuated by concentric ring 
Pistons. There is a series of concentric rings, each mechanically actuated to 
Produce a different length stroke. Heavy rubber (or artificial rubber) dia
phragms separate the working mechanism from the two liquid ends. In opera- 
|'on, the maximum travel of the piston is in the innermost ring; the minimum 
j. 'h® outermost. A t the end of the pressure stroke the piston rings shape the 
uiaphragm to the form of a convex surface of a sphere. A t the end of the inlet 
stroke the drawback disc on the face of the diaphragm to a concave surface 
0 the same sphere. Thus the diaphragm is completely supported by the'pistons 
0 every stage of both inlet and pressure strokes.

89 shows liquid end detail and fig. 90 sectional view. 
e liquid cylinders are made of open hearth steel forgings, 

Machined from the solid. 
. ,Cool'ng water for the two plungers on each side enters the 
inboard end through flexible hose and the lower piping and 
15 conducted to the inside of each plunger.



'O IL ; F ILLED  
WÓRKIN.6 CHAMBER

DISCHARGE

RUBBER 
DIAPHRAGM 

CONCENTRIC 
IRJHG PISTONS

(SUCTION 
I BALL VALVE

S U C T IO N
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After the cooling water has reached the inner end (the hottest section 
of the plunger) it is piped back to the crosshead, through an internal pice 
in the hollow plunger and discharged through upper piping and flexible 
hose into an open funnel on the outboard end, where the temperature can 
be determined.

Cooling water enters each stuffing box jacket on its bottom side, near 
the packing end and is discharged through the top of the jacket near the 
cylinder block.

j  D ELIV ERY
/ I b a .l l  v a l v e

L1Q.UID END
QUICKLY REMOVABLE

F i g .  8 7 .— Combination diaphragm and piston pump. I n  c o n s t r u c t io n ,  a ^  
inlet valve and a ball discharge valve are located in each head or liqui ,until vuivtr uiiu cj uuii uot-ilutytr vuivc uic iucuicrvj m--------------
of the pump. The liquid ends including the ball valves can b e  e a s i l y  re ^  
as a unit for inspection and cleaning. In  operation only the liquid en ' ¡0| 
discharge manifold and the air chamber come in contact with the m 
pumped. This type pump is made in capacities from %  to 90 g.p-m- 
sures up to 100 lbs. per sq. in. and will operate on lifts up to 18 ft.
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fig. 88.—Duplex outside end packed plunger oil pump for pressures up to 
750 lbs.

■Liquid end of gas engine driven hot oil pump.
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Gasoline Measuring and Recording Pump.—A typical pump 
otthis type is shown in figs. 91 to 93. It is driven by a V belt 31,
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Fig. 93.—Pump assembly.

This rotary seal is made up of a carbon disc 194, and a seal ring ^  
against the polished surface of the pump head by the spring and retai s 
ring 197. No adjustment is necessary as the spring has the p r o p e r  ten 
to  hold the carbon ring against the polished surface of the pump hea •

The rotary seal can be removed after taking off pump belt and pri'eb 
compressing the spring and retaining ring 197, until the pin 19(3. r3'1 
slipped out of the shaft.

Before starting to  remove the rotary seal, the shaft should be 
clean and a small amount of lubricating oil added.

and is directly connected to the air release in  which is located 
a strainer screen 79, and by-pass valve 78, fig. 94.

To tighten the belt 31, loosen the four cap screws holding the motorto 
its support, and raise the motor until the belt has the proper tension. 
Care should be used not to get the pulley out of line or the belt too tight.

A special rotary seal is used on the pump shaft 203, as in fig. 93 to prevent 
leaking of lio.uid where the shaft extends through the pump head.
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Do not use any instrument between the carbon disc and polished surface 
that will mar the polish on the carbon disc or the pump head. Before re
placing the rotary seal, the shaft should be wiped clean. If the pump do 
not deliver full capacity, it may be due to a leaky or restricted pipe line, 
foreign matter under the by-pass valve, a loose pump belt, clogged strainer, 
screens, etc.

By-Pass Air Release and Strainer.—The pump 33, as shown

"'9. 94. By-pass air release and strainer.
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in fig. 94 is directly connected to the air release, in which is 
located the by-pass valve 78, and the strainer 79.

All liquid before entering the meter passes through the strainer and air 
release. Any air is separated from the liquid and passes out through the vet 
pipe 26, as shown in fig. 92.

7
iI

Fig. 95.—Sight gl,as.s, check and relief valve assembly.
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Should liquid rise in the float chamber of the air release and raise the 
float 68, the valve 70 opens and the liquid is returned to the inlet side of the 
pump. By removing the strainer cap 108, the strainer screen can be removed 
for examination or cleaning. This should be done a t regular intervals.

The by-pass when leaving the factory is set at 20 lbs.
This pressure can be changed by adding or removing washers 225, from 

between the by-pass valve cap 75, and spring 73, adding washers when more 
pressure is desired and removing them for less pressure.

If the by-pass valve 78 leak, the pump will not deliver full capacity. 
To examine, remove the by-pass cap 75, valve spring 73, and the valve 
78 and clean valve seat and valve.

In replacing these parts make sure the valve spring centers on the valve 
rap 75 and valve 78. The strainer cap 108, and by-pass valve cap 75, must be 
tight to prevent air being adm itted to  the inlet side of the pump reducing 
its efficiency. In replacing these caps use shellac on the threads to make a 
tight joint.

Sight Discharge Assembly.—The sight discharge 94 as shown 
>n fig. 95, is equipped with a spinner 91, which rotates when 
gasoline is flowing through the hose and indicates to the 
customer that gasoline is flowing to his car. 

it is designed so the glass 94 cqn be removed for cleaning.

To clean remove the dials 168, fig. 92 by removing the four screws holding 
them in place. Remove the round head machine screws 83, fig. 95 and the 
glass can be lifted off and cleaned. Care should be taken not to  damage 
the pskets 92.

In replacing the glasses the round head machine screws should be pulled 
down evenly by gradually tightening them, criss-crossing around the glass 
until all screws are tight.

Check and Relief Valve Assembly.—The check and relief 
'alve 100, fig. 95 functions in two ways. It holds the liquid in 
the sight discharge and also relieves any excess pressure due 
l0 the expansion of the liquid above the check valve.
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Should the liquid drop down in the sight discharge glass 94, it indicates 
tha t one or both of the valve discs 97 or 98 are leaking. Remove the vain 
cap 108, fig. 95 slowly and catch the liquid th a t will drain out of the sigh 
glasses and headers above the check valve.

Take out the poppet assembly and examine the check and r e l i e f  rate 
seats 101 and the valve discs 97 and 98. Cleaning the seats and discs ms? 
overcome the trouble. If it do not, new discs should be installed.

Light Bulbs.—No light bulbs are furnished standard wit 
the pump. In order to insert bulbs, open the front and bar 
housing.

To light the dial faces, use two 50 or 60 w att lamp bulbs, screwed w 
the lamp socket 110, fig. 92.

F ig . 96 .— Hose hook and
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Electrical Wiring.—Before making any electrical connections, 
make sure the hose hook 253, as shown in fig. 96, is in as far as 
it will go shutting off the electric current to the pump. 

In order that the wiring will meet the requirements of the 
local ordinance and the National Board of Fire Underwriters, 
an experienced electrician should be called to do this work.

The outfit is standard with a l/ i  h.p. vapor proof, 110-220-volt, single 
phase, 60 cycle motor.

On the pulley end of the motor is a voltage indicator. To change to  220 
volts remove the screw holding voltage indicator and switch the indicator 
to 220 volts and replace the screw.

The wire used on the light circuit is black and white. In connecting 
the pump to light circuit. white wire should connect to white wire and black 
to black. The motor leads are tagged. Make sure current corresponds to 
the current specifications on tag.

Switches should be provided inside the building so that 
the current can be completely shut off from the pump when the 
Nation is not open for business.

The double conduit is used only when pumps are installed in series. 
For single pump installations, plug one outlet in conduit box 42, fig. 92.

In some localities conduit boxes are required with four outlets. Use N o. 14 
rubber covered wire run through %  in. conduit in connecting the pump 
to the electric circuit.

If desired to use single phase motor on a polyphase circuit, 
that the voltage connection is correct and connect to any 

0ne phase of the polyphase circuit.

The lights in the pump are all controlled by the switch rod 81. To light, 
Pull out switch button 81. The starting switch is located on the motor.

Every six months the oil cups on the motor should be filled with a good 
S^de of medium auto oil.
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Testing.— To insure efficient operation on newly installed 
pumps, all a ir in the outfit must be completely expelled by 
circulating 20 or more gallons through it. A fter this has once 
been done, the air release in the outfit w ill assure efficient, 
accurate operation.

F ig . 97 .— Meter assembly.

The meter is tested with liquid in measures approved by the Depart®® 
of Weights and Measures before being shipped and is then sealed ascorrec. 
In ordinary use no adjustment should be necessary.

Five gallon measures that have been certified by the Depart- 
ment of Weights and Measures should be used in the test.
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To adjust remove the seal cup 165, fig. 97. Loosen the jam nut 164, 
on the adjusting screw 169, and turn the adjusting screw to the left when 
pump is over-measuring and to  the right when pump is under-measuring.

The adjusting screw should be given a part of a turn  and the test re
peated. One turn  of the adjusting screw will change the reading approx
imately 69 cu. ins. in 5 gallons.

Tighten the jam nut 164, to prevent a leak a t this joint. In tightening 
this nut, hold the adjusting screw 169, with a screw driver to  keep it from 
turning with the jam nut. Replace the seal cap 165, and seal with wire 
and seal lead.

9̂> 98.—Gear bracket assembly.

Example.—Suppose when drawing ten gallons of liquid through the 
nieter, the indicator tally nine and one-half gallons. Turn the adjusting 

169, to the left until the quantity discharged agrees with the amount 
indicated by the indicator.

Care of Meter.—The drive shaft 133, fig. 97 is packed 
j'ith a special packing 142, which is held in place by the gland 
l4l  spring 140, and the meter cover nut 187. No adjustment 
°f this packing is necessary or can be made.
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To remove the packing the gear pin 115, fig. 98 should be remold 
and the gear 116 moved out of the way. Remove the groove pin and drive 
gear 114, fig. 98. Remove collar 131, and meter cover nut, fig. 97, and to 
old packing can be removed and replaced.

Before inserting new packing, see th a t the packing box is perfectly dean. 
Give the cork rings a light coating of oil soap, and see th a t they go into the 
packing box perfectly straight.

After tightening meter cover nut so it will not leak, re
assemble the parts and replace the printer support 58.

In re-assembling and before the hex. head cap screws are tightened, 
see tha t the drive gear 114, meshes freely with intermediate gear 116, and 
tha t the drive shaft 119, lines up with the drive shaft on the printer.

To examine the meter, open the housings.
M ark the meter bowl, cylinder block and meter cover so they can be 

re-assembled in their original position.
By removing the cap screws 135, fig. 97, the cylinder block 151, and 

meter bowl 182, will become disengaged from the cover casting, therefore 
support these parts when removing the cap screws 135. To examine the 
plungers, remove the retaining plate 134, by taking out screws 136. The 
plungers can now be taken out and examined or replaced.

The plunger leathers are formed out of especially prepared leather and 
must fit the cylinder perfectly. Any new leathers should be ordered fromtr.e 
factory. Care should be taken not to  damage the gaskets 147 and not 
change the adjusting screw 169 when dismantling and re-assembling the 
meter. If the adjusting screw be not changed the meter will not new 
re-testing.

When re-assembling make sure the drive arm block 177, engages the lo"K 
crank arm 153.

Hose Hook and Interlock Adjustment.—The printer, hos 
hook and motor are interlocked to prevent withdrawal o 
gasoline without issuing a ticket. If able to pull out the hose 
hook and start the motor without inserting a ticket and rt- 
setting the printer to zero, make the following ad justm ent-
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The ticket door 9, fig. 99, is interlocked with the hose hook to prevect 
raising the door while the motor is operating. Should it be possible to rss: 
the door while the motor is running, adjust as follows:

Remove the seal wire around the nuts on bottom  end of locking rod KG. 
Adjust the nuts downward on the rod until motor cuts off, before the ticket 
door can be raised. Then tighten the nuts and reseal.

If it be impossible to raise the ticket door after the hose hook hast® 
lowered and the motor stopped, reverse foregoing adjustment.

Operation.—The printing mechanism is interlocked 
the motor switch which is controlled by the hose hook lever. 
The hose hook cannot be pulled out and the motor started 
until the printer has been set to zero.

The printer cannot be set to zero until a ticket has been 
inserted.

Ticket cannot be removed while motor is running.

The following sequence of operation must be followed:
Raise ticket cover 9, fig. 99 and insert sales ticket then lower cove 

Turn re-set crank 179, fig. 92, two revolutions counter-clockwise to t- 
positive stop or until the shutter 51, over the wheels indicator low® 
and uncovers the wheels as shown in fig. 102. This resets the gallon in-- 
cators and printing to zero, locks and prints the zero reading o n  theses 
slip.

Remove nozzle from hose hook. Pull out hose hook which starts row-* 
Make delivery and close hose nozzle. Shut off motor by pushing in “  
hook. Raise ticket cover 9. This automatically prints the g a l l o n s  dan®: 
on the sales slip. Remove sales ticket.

Each time the hose hook has been pulled out (even though no liquid --- 
been discharged) it  is necessary to  raise the ticket door, remove the to  
put in a new ticket and re-set the printer to zero before the hose ho® 
be again pulled out and the motor started. This operation is require 
to  the interlocking features of this pump.

Removing Printer.—Switch off electric power, im
printer to zero. Remove hair spring on shaft 175, and Pl
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Do not change the position of the interlock shafts over which thedritf 
couplings 169, go.

When moving the printer sideways to disconnect the printer, the low 
shaft 169 will turn  back about one quarter of a tu rn . In re-assemblics 
printer turn this shaft forward to  the original position.

A new printer can now be installed or the printer oiled or 
examined.

F ig . 103 .—Printer assembly III.

In assembling the printer to  the pump see th a t the drive shaft thjjt 
extends up through the support, properly engages and is centered in t 
drive shaft coupling of the printer.

In re-assembling the printer the locking rod 103, must be a d j u s t e d .  
See instructions under heading Hose Hook and Interlock Adjustment.
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Adjustment of Printer.—Before any adjustment can be made 
on the printer, it is first necessary to remove it from the pump 
as described in last paragraph. If when resetting, the counter 
wheels do not stop at zero, but continue to turn past, it would 
then indicate that the tension of the spring 79, fig. 103, has 
become weakened or the spring broken.

In the event after setting the dial numerals to zero, the sales slip is 
printed with numbers other than zero, it indicates th a t the printer is out of 
time. This cannot happen unless gear wheel 45, has been removed or some 
pin sheared off.

Tore-time proceed as follows:
Using the reset crank 179 and shaft 175, fig. 92, turn the reset crank 

119 until the zeros on the type wheels 97 and 98, are in alignment, facing 
directly upward or in the printing position, a t which point stop the reset 
operation.

Then disengage the gear 45, which is the center gear on the outside of the 
left bracket.

After disengaging it from the other two gears turn the reset crank so as 
to complete the reset operation turning the indicator wheels Nos. 92 and 
93 to zero. This synchronizes the indicator wheels with the type wheels. 
At the end of this operation, again engage the gear 45, with gears 27 and 59.

Should the “Number of Sales Counter” refuse to register, 
it may be due to a faulty spring 74, or to the eccentric screw 

ĉoming loose.
If the eccentric screw be loose, it should be adjusted so th a t on the reset 

the advance pawl 71, will engage the sprocket wheel, as shown in the 
¡'lustration, and pull the counter to  the next numeral. The screw should 
then be held with a screw driver and lock nut tightened.

Counters.—The gallon totalizer counter and the number 
sales counter are inside the housing and can be seen only 
ên the door 59, fig. 11, is open, and then only when un

bred by pushing down on the lever 70.
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Tank Strainers on Gasoline Pipe Lines.— These are used it 
removing sediment and abrasive matter from the fluid which 

is  transported.

Ques. Where are they placed?

A n s .  A t the inlet side of a pump station where the removal 
of the abrasive m atter prevents it  being carried into the work
ing parts of the pumping equipment.

Ques. How are the strainers connected and why?

A n s .  In  parallel in order to make it possible for operators at 
the station to switch from one strainer to another without 
interrupting flow through the pipe line.

Preventing A ir Pockets in  O il Gathering Lines.— Necessity
for bleeding off the air or free gas pockets that might accumu
late at high places in  field gathering lines and cause knockmf 
or locking has resulted in  the design and use of many differ®1 
kinds of traps, vents and relief valves.

Air or gas locks occurring in lines not employing adequate bleederŝ
relief valves can cause much trouble and even stop the flow of fluid b u i l to
up back pressure sufficient to stall the pumping engine.

Q ues. Where does most trouble occur?

A n s. In  the line on the discharge side of the pump.

Ques. W hat are the conditions on the admission side of tf=e 
pump?

A n s .  Locks are not likely  here, but even the pressure of 
a ir or gas in the line can cause knocking and vibration.
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Ques. What causes air or gas in a gathering line?

Ans. It  is usually the result of pumping tank down too low.

104.— Elementary diagram of automatic air relief valve as designed by 
•he author.

Ques. What is provided to eliminate the necessity of oper- 
at0rs coming around to start and stop the pumps?

4ns. Automatic controls.

An effective device is an air relief valve and bleeder.
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On line installations, the bottom end of an air chamber fits into the top 
of a short riser welded onto the top of the line.

Q ues. Describe its operation. 

A n s .  A ir  or gas in the line rises through the fluid column to 
top of the air chamber. A s  the accumulation and pressure in
creases, the fluid level in the chamber is lowered.

The fluid levels in the air chamber and the float valve chamber bein? 
equalized, the lowering of the float control in the float valve chamber op® 
the air relief valve venting the air or gas.

Q ues. W hat happens with venting the air and relief of 
pressure? 

A n s .  The fluid level in the chambers again rises closing the 
air relief valve. 

Q ues. W hat is the object of the check valves? 

A n s .  They prevent by-passing.

As a precaution against the air or gas by-passing the vent line from tl* 
float chamber and returning to the air chamber.

Through the bottom fluid equalizing line a back pressure check valve s 
placed in the latter line. In the same way a back pressure check valve'j 
placed in the air line at the top to prevent by-passing of fluid from then« 
chamber to the top of the air chamber.

Q ues. How  is the device located in installing? 

A n s. The air chamber is set vertically on top of the line of 
pump.

A simple type air relief valve is shown in fig. 104.
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Approximate Horse Power Estimate.— The following formula 
is used for making approximate horse power calculations:

H P  _  B  X  W  X  D  
1440X33,000

in which
B =  Number of barrels produced in 24 hours.

W =  Weight of one barrel of oil (for quick calculation =  
330 lbs.).

D =  Pumping depth in feet.

To the horse power thus calculated, it is necessary to add 
the horse power required for overcoming the friction of the sub
surface pumping system. This amount can be calculated from 
the emperical formula

HPf =  H W r + 2 L X N  

33,000
in which

HPf =Horse power to overcome friction.

Wr =  Weight of rods.

L =  Length of polished rod stroke in feet.

N  =  Number of strokes per minute.

Ihe sum of these two values represents power requirements 
at the polished end. The theoretical power input at the prime 
mover will equal

H.P.m =  H P  +  H P f
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H .P .m =  Power input at the prime mover.

H.P. =  Power to lift fluid.

H.P.p =  Power to overcome friction.

E  =  Over all efficiency of pumping installation usually 
.5 to .7.
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C H A P T E R  31

Automotive 
Fire Pumps

The pumping equip
ment of a typical fire 
truck comprises:

oJ

e 1. Two stage volute
a type centrifugal unit.

o 2. Rotary gear type
5 primary pump, including 
§ various connections and 
8 controls.

Fig. 2 shows assembly 
of gauges and controls 
on side of the truck by  

u the driver’s seat.
a
“ The main or pressure

_o volume pump is driven by
"5 the engine through a special
^  pump transmission. This
o  transmission also drives the

rotary gear priming pump, 
tz which exhausts the air from
¡j, the main pump when neces-

\Z sary.
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Except for priming the instructions here given are practically identical 
whether operating from a hydrant or by draft which means from an o[ 
water supply involving lift.

Fig. 2.— G auges and control board.

THE PARTS ARE
1. Pump Pressure Gage.
2. Engine Tachometer.
3. Pump Compound Gage.
4. Cmaa-ovcr Valve Grease Fitting.
5. Pump Pressure Gage Shut-Off Yalvc.
6. Underwriters’ Pressure Gage Connection.
7. Underwriters’ Vacuum Gage Connection.
8. Pump Compound Gage Shut-Off Valve.
9. Gage Panel Light Switch.

10. Pressure Regulator Hand Wheel.
11. Governor Valve.
12. Pressure Regulator Drain Valve.
13. Pump Discharge Gate Valve # 1 .
14. Pump Discharge Gate Valve # 2.
15. Pump Discharge Gate Valve # 3 .

16. Pump Discharge Gale #1* . v,t„
17. Pump Discharge Gate # 1
18. Cross-over Valve.
19. Pump Discharge Cate .. .
20. Pump Discharge Cate #2 B1«J
21. Fill Tank Valve.
22. Discharge to.Hose Reel valve.
23. Priming Valve Control.
24. Cooling Water Valve.
25. Pump Suction Cap.
26. Booster Tank to Puinp Naïve«■
27. Underwriters’ Engine Speed
28. Ground Throttle Control.
29. Pump Gear Shift Lever.
30. Hose Reel Drain Valve.
31. Booster Tank Drain \alve.
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The following instructions relate to draft, pumping. 

Locating Apparatus.— Locate pump on firm ground as close 
tosource of water (river, pond, cistern, etc.) to reduce lift.

r*
'9' 3. Operators seat. View showing dash and operating controls.

Before Leaving Driver’s Seat.— W ith engine idling, shift the 
'ransverse lever on seat riser to disengage drive to rear axle.

Then shift road transmission to fourth (direct drive) gear, and latch in 
Position.

note  —-t k
kapron t v  plln?p transmission is controlled by a horizontal lever extending through 
Motions* \Vk c.n8,neer’s station on the left side of the apparatus. This lever has two 
ihifts the e Cn rTai^ d. vert,cally, it disengages the clutch; when moved horizontally, it 
dement rS*j 1S *mpor,?ant that it be raised as far as possible before any horizontal 
fel)’afte,S ̂ C> 50 aS to sure cornP̂ etc release of the clutch. It is also well to pause 

shift ra,s,»n(£ êver, before moving it horizontally, to permit the gears to slow down, 
.^meshin1 T I - S pause be too long, however, the gears may stop, and thus prevent 

*** S Case> êver ma>' be Quickly lowered and raised again to set them
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Connecting Intake Hose.— Attach strainer to free end of in
take hose after it is connected to apparatus. Submerge straicci 
but keep it off the bottom, so as to be free from sand, leaves® 
mud..

It is best to lash it to a fixed object, such as a tree, post, or stake. Tab 
care to see that all connections on intake hose are air tight and that rubba 
gaskets are in good condition. Close all openings preliminary to priming.

Fig. 4 .— Rear view of fire truck showing general arrangement.

Prim ing the Pump.—  W ith  engine idling, shift the horizon̂  
lever controlling the pump transmission, from neutral to P 
position. Pull out primer valve handle and engage pm® 
pump.

Open throttle moderately and pump should prime in about 15*®^ 
Failure to prime indicates leaks. Don’t speed up engine, but Io o k
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l8‘ controls. Compact and efficient arrangement with all gauges 
011 'eve's grouped together within easy reach of the operator.

The pressure gauge registers pressure on discharge side of the pump, the 
her gauge (usually called “compound gauge”) registers pressure or vac- 

uum on the intake side of the pump.

Starting the Pump.— W ith  engine slowed down to idling 
ipeed> sWft the horizontal lever controlling the pump trans- 
m>ssion, from prime to pump position.

Upon exhausting air from pump, water will be drawn by vacuum thus 
created into the eye of each impeller, and expelled onto the ground from the 
priming pump discharge under the apparatus.

When water first reaches the priming pump, it will come out mixed with 
air. Wait a few seconds until the discharge from the priming pump is uni
form, then close priming valve, shift into main pump, open throttle until 
a pressure of about 20 pounds is built up.

Gauges.— There are two gauges. 1, pressure gauge and 2, 
combined pressure and vacuum gauge.
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See note on page 8440. Immediately upon starting, the pump should 
show 20 pounds pressure on the pressure gauge.

Pumping.— Should discharge pressure not rise to the required 
discharge pressure, while a vacuum of at least 10 inches is show
ing on the compound gauge, then smaller nozzle tips must be 
used on the lines, or the cross over valve must be changed from  
volume to pressure position.

Pressure Operation.-— For pressure beyond what can be 
attained in the volume range of the pump, a change to pressure 
range or the use of smaller nozzle tips is necessary.

If already in the pressure range, then smaller tips or fewer lines are the 
only answers, for to demand more of the pump would be to ask for per
formance beyond its capacity.*

There is no intermediate position for the cross over valve. 
Always turn it to one extreme or the other.

Pressure Regulator.— To automatically maintain a given 
pressure, a pressure regulator (or pressure governor) is provided.

This device acts on the engine throttle to speed up, or slow down, the 
engine automatically to compensate for changes in the elevation of the 
nozzles or play pipes, and for occasions when one or more of them is opened 
°r shut off. See figs, 2 and 3.

} h'OTE.— For operation in the pressure range, the cross over valve is used to change the 
mwot water through the pump from parallel (each impeller delivering half the total volume 
• *?ter.at 'ta pressure gain of one stage) to series (the discharge of one impeller feeding the 
•"taw of the other, thus delivering haff the maximum volume at twice the pressure gain of 
°w stage). 6

„c?TF--~Changing from volume to pressure, or back from pressure to volume, is accom- 
by throttling the engine until a discharge pressure of 25 pounds shows on the pressure 

te 'i, * turninS the cross over valve control to the opposite extreme. The throttle may 
°Pene<l immediately until the desired working pressure shows. The change-over 

valv ncvfr '3e ma<fe at a pressure greater than 25 pounds, since this will cause the check 
^ ‘oclose too violently (evidenced by a sharp metallic click) and thus subject them to
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Figs. 7 a n d  8.— Ground throttle and pressure regulator. Ground thrdtk 
control. There are two controls, hand throttle lever A, and regulator non 
wheel M. Fig. 7 shows both in the off position. When throttle lever A 1 
moved toward the open position it rotates slotted lever B, which pulls oat 
accelerator rod C, and opens engine throttle. Pressure regulator. run1jj 
pressure on diaphragm X, causes piston D, to move forward rotating e 
crank E, at point F, pushing up rod G, and clevis J. The slot in lever o, is i” 
clined rearward when hand throttle is open,- therefore, the d o w n w a r d  mo» 
ment of rod G, causes a forward movement of rod C, closing engine niroi j 
This movement continues until the piston reaches its maximum travel, A "L 
which point clevis J is near the end of the slot and throttle is fully c f ||iel 
pump pressure, however, is opposed by the pressure of springs L, on the o 
side of the piston. This spring pressure is increased by turning hand whee i 
counter clockwise, thus increasing pressure at pump.

N O T E .—To set the regulator. I. With pump primed and operating, tur "  
wheel M , counter-clockwise as far as possible. This sets regulator for maxima mp 
2. Open throttle lever A, until desired pump pressure is obtained. Watch pressur ¿ U[01 
3 - Open governor valve it. 4 . Turn hand wheel M , clockwise until pressure is ^  ^  
slightly. This indicates that regulator is set for desired working pressure. 5- •'prtsscrt 
throttle lever A, all the way, then regulator will hold desired p r e s s u r e  constant. •[ 
can be increased or reduced as desired by hand wheel M, without touching thro ^  
pumper is to be shut down. 6. Once during every pumping operation, open a 
momentarily the regulator drain valve 12. This cleans sediment from pressure ,
7 . It  is important to keep the regulator and all controls working freely and well w

PUMP PRESSURE
COUHTM-CIOCKWUI
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Engine Speed.— Check by watching the tachometer. D o  not 
ran engine beyond its rated maximum speeds.

Auxiliary Cooler.— On some models, to assist in cooling the 
engine on long, hard stretches of pumping, an auxiliary is pro
vided through which a small portion of the pump water is 
diverted for the purpose of cooling the engine cooling water.

fig. 9.— Automatic throttle control pressure regulator used in conjunction with 
centrifugal pump. This device automatically holds pump pressure at desired 
point regardless of number of hose lines in use or whether they be open or shut.

Temporary. Shut Down.— When for the purpose of changing 
hose, or for any other reason, a shut down is desired when 
working either on the hydrant or from draft, it is unnecessary to 
stoP the engine or to disconnect the pump, merely close the 
throttle until the pressure is reduced to about 20 pounds under 
ordinary conditions, and to possibly 35 pounds on high lifts, 
"hen working from draft, .and then close the discharge valve.
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On resuming, open discharge valve first, then throttle until desired pres
sure is obtained.

Shutting Down Pump.— When all pumping is completed, 

shutting the pump down should start with the closing of a l  
discharge gates and closing the hydrant; or in the event of 
drafting, the raising of intake strainer out of water.

Then slowly close throttle allowing engine to run at idling speed,_and 
raise the transverse lever controlling the pump transmission, move i t  to 
neutral and then lower again, thus disconnecting the pump from t h e  drive.

Open bleed valves on all discharge gates to drain off water in the dis
charge header, by which time discharge hose lines may be disconnected and 
laid on ground to drain. As soon as discharge hose is disconnected, sue3' 
caps in place on discharge gate openings. Next close valve marked cootas-

Open valve marked drain to permit all of the water to drain from pu® 
casing. Immediately screw caps onto pump intake manifold, and replace 
hydrant caps if working from hydrant.

If working from draft, remove inlet strainer from intake hose and 
fasten it in its place. Now close valve marked governor and turn cross 0«  
valve to volume position, if not already there.
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Dredges
In the classification of dredges the designation hydraulic 

dredge for just one type of dredge is rather questionable because 
every dredge that takes material through an inlet pipe (alleged 
“suction” pipe) and moves it by a centrifugal pump is a hy
draulic dredge.

Manufacturers classify dredges in five general groups:

1. Hydraulic

a. Plain

b. Revolving cutter

o. Traveling inlet screen

2- Dipper

2' Clam shell

To this list m ay be added—

T Hopper

5. Seagoing
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i W ith respect to hull construction

1. Wood

2. Metal

3. Portable (sectional)

W ith  respect to location of operation

1. Land locked waters

2. Bays and harbors, etc.

The Hydraulic Dredge.— The so-called hydraulic dredge is 
any dredge which employs a centrifugal dredging pum p to pickup 
and set in  motion the material to be handled.

Ques. W hat is the distinguishing feature of the hydraulic 
dredge?

A n s .  I t  is th e  only type t h a t  digs and also transports the 
material in a single operation to the point of use or disposal.

Ques. W hat is its adaptation?

A n s .  It  will excavate silt, sand, clay, gravel, etc., in fad, 
almost any material short of hard solid rock.

Ques. W hat is the marine working depth?

A n s .  About 100 feet below the surface of the water.

Ques. How  far will the dredge deliver the material?

Ans. A  mile or more depending upon the size and d esign  of 
the dredge.
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In cases where the distance is more than a mile a booster unit is used
which operates another centrifugal pump in series with the main dredging
pump.

Ques. How 'is the material conveyed?

4ns. Through a pipe line installed along the surface of the 
water, supported on numerous pontoons.

■ ■■ r" ■ ‘ ' ' V ■ -•

Ques. Mention some advantages of the hydraulic dredge.

4ns. It  is the cheapest method of dredging. A  further ad
vantage is that both its position and location of its discharge 
line can be varied readily, permitting very flexible operation in 
choosing the side of excavation and site for disposal of the ex
cavated material.

Hydraulic Dredges with Plain Inlet.— This type is shown in 
%s. 1 and 2. It  is the accepted standard for sand and gravel 
production from loose deep deposits which are free from stones 
and material that would clog up the inlet pipe.

Ques. What protective fitting is placed at the end of the 
•nlet pipe?

4ns. A  steel plate head with grating as shown in fig. 3.

Ques. What equipment is used with the plain type dredge?

4ns. The equipment consists of the dredging pump, a hoist 
usually with three drums but sometimes with only one, a ser
ies pump piping and miscellaneous fittings.

Ques. How is the depth of digging controlled?
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A n s .  B y  raising and lowering the inlet pipe by means of 
a cable.

Ques. How  is the position of the dredge in the cut con
trolled?

Figs. 1 and 2.— Hydraulic dredge with electrically driven dredging pump or 
plain intake.

A n s .  B y  two forward swinging lines and two anchor lines 
aft.

Ques. Describe the operation of the dredge.
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4ns. In  operation, the material is eroded and carried into 
the inlet with the entering water, which must be in close con
tact with the bottom at all times to assure picking up the full 
quantity of solid material.

Ques. For what type of work is this kind of dredge not 
suited?

S. 3. Welded steel plate inlet head for plain inlet dredge. The bottom teeth 
pfevent the inlet becoming sealed and the network of bars in the mouth acts 
as a screen to keep out oversize material that would choke the pump or lines.

4ns. For digging a channel of uniform depth or width.

Ques. How may feeding the material to the dredge be
facilitated?

^  surrounding the inlet with high pressure nozzles.
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Q ues. W hat is the action of the pressure nozzles? 

A n s .  They agitate the material immediately in front of tie 
inlet. 

Q ues. How  is high pressure water for the jets obtained? 

A n s .  From  the service pump on board.

This pump should be of ample capacity.

Figs. 4 and 5.— Hydraulic cutter dredge with electrically driven ?! ¡j 
pump. This type dredge is adapted to sand and gravel production as a re •' 
of its efficiency in river, channel and harbor work. It has a mechanic0 I 
driven revolving cutter as shown. The cutter breaks up the material °P° \eei  
it to the inlet pipe and acts as a screen to exclude oversized stones. THe°ePj
of digging is regulated by lowering and raising the cutter. Advance fo'" 
is made by walking the spuds while lateral feeding is controlled by the 
ward swinging lines
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Hydraulic Dredges with Revolv
ing Cutter.— B y  definition this 
type dredge is a hydraulic dredge 
having in  addition to the p la in  inlet 
a revolving cutter, as shown in fig. 6.

Ques. For what use are these 
dredges adapted and why?

/In s . For general work as it can 
operate successfully in any kind of 
material short of solid rock or 
masses of large boulders.

It is exceptionally efficient in river,
harbor and channel work.

Ques. Describe the revolving 
cutter.

■ o
A n s .  The cutter with its long 

shaft is mounted on a “ladder” 
as in fig. 6, mechanically driven, 
being located at the inlet.

Figs. 9 to 11 show various cutters.
■ V ' • •

Ques. W hat is the action of the 
cutter? v.;-

¿Ins. I t  breaks up the material 
and feeds it uniformly to the in
take of the inlet pipe and acts as a 
screen to exclude oversize stones 
from the inlet line and pump.
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Q ues. W hat apparatus is usually installed on a revolving 
cutter dredge?

Fig. 7.— Five drum electric driven dredge hoist.

.Ans. B y  two spuds at the stern and two swinging lines for
ward.

Q ues. How  is the depth of the dredging regulated?

A n s .  B y  lowering and raising the cutter through.

Q ues. How  is advance forward made?

A n s .  In  addition to the dredging pump there is a five drum 
hoist, service pump, spuds, piping and miscellaneous fittings. 
Fig. 7 shows appearance of the five drum hoist used.

Q ues. How  is the movement of the dredge controlled?
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fi9i 8. Jet agitator with separate 45 degree elbow . A  jet ag itator or jet h^ad 
is used on the intake of p la in  inlet dredge to break up the m aterial ahead of 
foe inlet. Water under pressure must be supplied to the jet.

4ns. The “ladder,” because of the so called ladder upon 
"h'ch the cutter shaft is mounted.

Hydraulic Dredges with Traveling Inlet Screen.— B y  defini- 
this is a hydraulic dredge having the intake of the inlet 

P'Pe protected by a traveling screen.

Ans. B y  “walking” the spuds while lateral feeding is con
trolled by the forward swinging lines.

Ques. What other name is given to the revolving cutter 
dredge o-n/̂  «rVnr?
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Q ues. Describe the screen.

A n s .  The device consists of a heavy screen mounted on an 
endless chain which travels over sprockets and track built up 
of angles and steel plate. Prongs on some of the links in the 
chain break up lightly caked masses, carry the oversize ma
terial out of the way of the suction and deposit it underneath 
the dredge.

Fig. 9.— Five b lade solid cast cutter.

Q ues. W hat is the dual action of the screen?

/In s . It  acts both as an agitator and screen to make the feed 
nearer uniform and to prevent choking of the line and pump-

Q ues. Describe the general equipment.

/In s . It  consists of the dredging pump, a multi-drum hoist 
preferably w ith four drums, a service pump, piping and mis
cellaneous fittings.
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Ques. Describe the dredge movements.
\

Ans. The depth of digging is regulated by raising and lower
ing the inlet pipe. Advance forward is made with a line leading 
forward from the hoist. Th is line also holds the intake in con
tact with the material bed, and prevents the dredge being

'9- 11,—Solid cast cutter with removable manganese steel cutting edges for 
excavating c lay  and sim ilar hard m aterial.

f '9 .10.— Five b lade built-up cutter.
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pushed back. The lateral position is controlled by means of two 
forward swinging lines.

Q ues. For what are these dredges chiefly suitable?

A n s .  They are primarily adapted to working in loose de
posits of sand and gravel containing an appreciable percentage 
of oversize stones, which would choke up the inlet line and 
pump of a plain inlet dredge and cause excessive interruptions.
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This code has been adopted by the Hydraulic Institute 
w ith Membership as follow s:

Aldrich Pump Company, The  ............................   Allentown, Pennsylvania
Allis-Chalmers Manufacturing Co.   Milwaukee, Wisconsin
Amcrican-Marsh Pumps, Inc...................................................... .Battle Creek, Michigan
American Well Works, Inc., T h e ........................      .Aurora, Illinois
Barrett, Haentjens & Company  ................................................'. .Hazelton, Pennsylvania
Blackmer Pump Com pany.............................. ...........................Grand Rapids, Michigan'
Buffalo Pumps, Inc    Buffalo; New York
Byron Jackson Company ................................ ............... ............Los Angeles/ California
Chicago Pump Company  ......................................    .Chicago, Illinois
Davidson; M. T., Company ...................................................... .........Brooklyn, New York
Dayton-Dowd Com pany ............... , . . . ...........     Quincy, Illinois
Dean Brothers Company  ....... .......................................; ............. Indianapolis, Indiana
Dean Hill Pump Company............................................. ! ...................... Anderson, Indiana
DeLaval Steam Turbine Company . . . ' . ............... ...........................Trenton, New Jersey
Demmg Company, T h e ....................... ...............................•.......................... Salem, Ohio
Domestic Engine & Pump Company  ............. ................Shippcnsburg, Pennsylvania
Dow Pump &  Diesel Engine Company   . •.__ ", Alameda, California
Duriron Company, T h e ................... , ............................................................... Dayton, Ohio
Economy Pumps, Inc................................................................................ •, Chicago, Illinois
Fairbanks, Morse & C om pany  ........................................... Chicago, Illinois
Frederick Iron & Steel Com pany...................................................... Frederick, Maryland
Gardner-Denver Company  ..................    Quincy, Illinois
Gaso Pump & Burner Mfg. Co   Tulsa, Oklahoma
Ingersoll-Rand Company ..........................................      New York, New York
Kingsford Foundry & Machine Co • Oswego, New .York
Kinpey Manufacturing Com pany...................................  Boston, Massachusetts
Lecourtenay Company ......................          .Newark, New Jersey
Morris Machine Works' . :    Baldwinsvilli, New York
National Steam Pump Company  ........................  Upper Sandusky, Ohio
National Transit Pump & Machine Co.- ....................     .Oil City, Pennsylvania
Nash Engineering Company ................ .................................South Norwalk, Connecticut
Pomona Pump Company   Pomona, California
Scranton Pump Mfg. Co .Scranton, Pennsylvania
Taber Pump Company ..........................................................................Buffalo, New York
Tuthill Pump C om pany   ..............................................................Chicago, Illinois
Warren Steam Pump Company .....................................................Warren, Massachusetts
Weinman Pump Manufacturing Co........................................................... Columbus, Ohio
Worthington Pump & Machinery Corp Harrison, New Jersey
Yeomans Bj-others Com pany........................................................   r. .^Qhicago, Illinois

Secretary: C. C. Rohrbach •  90 West Street, New York
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H Y D R A U L I C  I N S T I T U T E  T E S T  C O D E  
C E N T R IF U G A L  A N D  R O T A R Y  P U M P S

F-l. OBJECT AND SCOPE
This code contains specific provisions for the 

testing of centrifugal and rotary pumps by which 
to determine whether the pump meets the guar
antees under which it is sold. The object of 
the Test Code is to set forth methods under 
which the performance of centrifugal and rotary 
pumps can be accurately determined when pump
ing clear water. The method of determining 
performance when pumping other liquids shall 
be subject to agreement. This code is not in
tended as a treatise or textbook on how to test 
centrifugal and rotary pumps, but is a statement 
c*f the methods governing the test which will give 
the desired accuracy and a statement of the op- 
erating conditions under which the test shall 
be made. It is intended to be used by experts 
w lhis line of work whose general knowledge 
of hydraulic engineering should be such as to 
secure reliable test data by following the methods 
herein set forth.

Centrifugal and rotary pump tests may be 
classified under two distinct heads:

(1) Acceptance test made in the field on 
complete installations for the purpose of de
termining fulfillment or non-fulfillment of con
tract guarantees between pump builder and 
Purchaser.

(2) Tests made in the shop of the pump 
ailder to determine the fulfillment or non-ful-
ment 0f contract guarantees or agreements 

<*ween the pump builder .and purchaser.

\Uen publishing data resulting from experi
mental tests, the tests shall be conducted, and 
t-'i.data worked up and presented in accord- 
Jace with the standards of this code.

This code gives the limiting conditions for 
1  of quantitative determination of
opacity, head, and power input, whereby the 
accuracy required fo'r an acceptance test can
^ «btainec.

F-2. MEANING AND INTENT
Except where specifically stated elsewhere 

herein, this code shall be understood to apply to 
the tests of centrifugal and rotary pumps proper, 
and the terms “capacity” , “ total dynamic head”, 
"efficiency", and “power" arc to be taken as re
ferring to pumps. The capacity shall be the 
absolute quantity and, unless otherwise stated, 
shall be determined in the manner as set forth' 
under Pars. F-l I to F-27. The total dynamic 
head shall be measured at the suction and dis
charge flanges .of the pump in the manner as 
set forth under the heading “measurement of 

"head". In computing the efficiency of centri
fugal and rotary pumps, the actual power input 
to the pump shaft shall be used.

F-3. ALLOW ANCES OR MARGINS IN 
GUARANTEES

No minus tolerances or margins shall be allow
ed with respect to guarantees for head, capacity 
or efficiency. A plus tolerance of l O fy  shall be 
allowed in capacity at the specified head.

F-4. INSPECTION
A careful inspection shall be made before, 

during, and after the tests to insure the proper 
operation of the pump. The water passages of 
the pump shall be inspected before and after 

.the test to guard against errors during test 
caused by obstructions clogging the passages. 
If obstructions are found in the pump, the test 
shall be re-run. Wearing ring clearances, piez
ometer openings, discharge and suction gauges, 
and capacity measuring device, specific gravity 
of mercury, or other liquids used in manometers, 

.and in general the conditions of all instruments 
to be used shall be inspected.

AH electrical and head measuring instruments 
shall be calibrated before and after test, and all 
other instruments that can be conveniently cali
brated shall also be calibrated before and after 
test. Should there be any difference between

m
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the two calibrations, the average of the two shall 
be taken as the correction in computing final 
results. If the calibrations do not check within 
one half of one percent, the test shall be re-run.

The dimensions of .the suction and discharge 
openings where pressure readings arc to be 
taken should be checked so that accurate velocity 
head corrections can be made.

F -S. OPERATING CONDITIONS

The most important factors affecting the op
eration of a pump are:

1. Dynamic suction conditions

2. Total dynamic head

3. Speed

 ̂ 4. Temperature and specific gravity

The total dynamic suction lift is the vacuum 
as measured at the suction flange of the pump 
plus the vertical distance between 'the gauge 
connection and the pump centerline. The gauge 
connecting line must be entirely free from water!

• The net dynamic suction head is the pressure as 
measured at the suction flange of the pump cor
rected for the vertical distance between the 
centerline of the gauge and the centerline of the 
pump. The gauge connecting pipe must be en
tirely filled with water. During field accept
ance test, the total dynamic suction lift shall 
not- exceed that specified in the contract, or if 
the-contract specifics a positive head on suc
tion, the net dynamic suction head shall not be 
less than that specified in the contract. If thex 
conditions as set forth above are not obtainable, 
tTie acceptance test shall not be run until such 

■conditions do exist, unless by mutual agree
ment between both parties, the test will be run 
and if the performance is what would be ex
pected with the suction conditions as set forth 
in the contract, the test will be acceptable to 
both parties, as for capacity, head, and efficiency, 
hut if the performance is not what would be 
expected with the conditions as set forth in con
tract, and if there is any question as to noise 
and vibration, the test shall not be acceptable

until the suction conditions arc as set forth in 
the contract.

No valve on the suction that may have beta 
installed as a part of the installation shall be 
throttled during the duration of the acceptance 
test.

Acceptance tests shall be made, if possible, at 
the total dynamic head specified in the contract. 
If it is impossible to obtain the specified headbr 
throttling or by other means, the test shall be 
run at the nearest head to the contract condi- 

• tions that can be obtained, but an agreement 
between both parties shall be made in writing 
prior to the test as to what corrections shall 
be made to determine the fulfillment or non-fa'- 
fillment.

When it is impossible to obtain the specified 
speed on test due to variation of frequency in 
the electric current or other causes, corrections 
in the capacity, head, and brake horsepower to 
correspond to the specified speed, may be nude 
from test data, in the manner set forth under 
"calculations.”

The acceptance guarantees are based upon 
pumping clear water at 68° F, at which tem
perature the weight per cubic foot is 62318 lb. 
When the temperature or weight per cubic foot 
is different from that above, the proper cor
rection shall be made. For Rotary Pumps sec 
Par. C-38 Rotary Section.

Before the test begins or before continuing the 
test after an important change of conditions 
during operation, the apparatus shall be run 
under normal conditions for sufficient length o 
time to bring about equilibrium or steady rea 
ings.

F-6. CONDUCT OF TEST
On field acceptance test both parties t0 ^  

contract shall be represented and shall 
equal rights in determining the methods an 
conduct of the test, unless otherwise provie. 
in the contract. The plan of test and procedure 
shall be agreed on in advance of the test definite y 
covering the method to be used in measunng 
all major quantities, including quantity of »ate*, 
head, power input, and speed, and it is desira <e

M
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thit ihc expert personnel who arc to conduct 
ach oi the various measurements, shall be in
cluded in this agreement. All points of dis
agreement shall be settled in conference leading 
to agreement, to the satisfaction of both parties, 
wd the results of the test shall be computed 

d̂ agreed on as acceptable, before the test 
shall be considered terminated, or the test equip
ment removed and all results shall be agreed 
upon by both parties before they are embodied 
in the final report.

H the points of disagreement cannot be settled 
hy conferences between the parties of the con
tact, the parties of the contract shall agree on 
* competent engineer to act as arbitrator, and 
his decision shall be binding. The expense of 
the arbitrator shall be borne equally by both 
parties of the contract.

F-7. PRELIM INARY TESTS 
It is advisable to make one or more preliminary 

tats for the purpose of determining the adequacy 
cf the instruments and apparatus and the train- 
«g of the personnel.

When conditions do not permit such prepar
atory runs, operations may be started and the 
tune at which conditions may become satisfac
tory can be chosen later as the starting time 

the test.

F-8. RECORDS 
The record sheets hereinafter given for data 

łnd results apply to the complete unit, including 
•he drive, but the code itself applies only to the 
tat of the pumps.

The manufacturer’s serial number, type, and 
tae, or other means of identification of each unit 
«solved in the test, shall be recorded in order 
«it later there may be no uncertainty as to 
'•hich unit or units the data obtained refers.

« dimensions and physical conditions not only 
0 the machine to be tested, but .of all the 

-̂tociated parts of the plant which may have 
important bearing on the object of the test 

i>ou!d be determined.

F-9. EFFICIEN CY

The efficiency of the pump is the ratio of the 
energy delivered by the pump to the energy 
supplied to the pump shaft; that is, the ratio of 
the water horsepower output from the pump to 
the. mechanical horsepower input to the pump 
shaft.

The efficiency of the pump covered by the 
contract guarantees, of which this code may form 
a part, is to be based on the fundamental determi
nation of quantity of water by volume and/or 
weight, and all other methods of quantity de
termination shall be for the purpose of arriving 
as nearly as possible to the exact quantity as 
might be determined by actual volume determi
nation .or weight determination.

The efficiency of the pump under contract 
of which this code may form a part, may be 
computed by determining the quantity of dis
charge by any one of the following methods of 
measurement:

. (a) Volume or Weight
(b) Venturi Meter
(c) Weir
(d) Nozzle
(c) Pitot Tube
(f) Current Meter
(g) Allen Salt Velocity
(h) Gibson Method

Other secondary methods for capacity measure
ments may be employed only by special arrange
ment or agreement between seller and pur
chaser, such as salt titration, and Photoflow, 
method. Whenever such agreements arc made, 
they shall specify in detail the form of measur
ing device, location and calibration.

F-10. STANDARD UNITS OF VOLUM E J

The standard units of volume shall .be the 
United States gallon or the cubic foot. The 
standard U. S. Gallon contains 231 cubic inches 
or, otic cubic foot equals 7.4805 gallons.

[5]
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The rate of flow shall be expressed in gallons 
per minute (gpm), cubic feet per second 

t  (cfs), or millions of gallons per twenty-four 
hour day (mgd).

The weight of water at ordinary temperatures 
6S° shall be taken as 62.318 lb per cubic foot. 
For density at other temperatures see Paragraph 
G-47 of Standards of Hydraulic Institute.

F -ll. VOLUM E OR W EIGHT 

The preferred method of determining quantity 
is by volume or weight and all other methods of 
quantity determination arc considered second
ary to these.

Measurement of quantity by weight depends 
in accuracy upon the accuracy of the scales used 
and upon the accuracy of the measurement of 
time. The scales shall be calibrated with stand
ard weights before and after test.

In measurement of capacity by volume' suf
ficient measurements of the reservoir or tank 
shall be taken to establish its volume within 
one quarter of one percent. When there is doubt 
as to the volume of a reservoir it shall be cali
brated by weighing the water.

F-12. , VENTURI METER 
The Venturi Meter is more widely used than 

any other device for measuring the quantity of 
water for the determination of efficiency of 
centrifugal and rotary pumps. The accuracy of 
the meter depends upon its being installed in 
such a manner that it will not be adversely af
fected by flow conditions-in the pipe immedi
ately above the meter and immediately below 
the meter. It has been found that incrustations 
on the inside of the pipe and bends and elbows 
in the pipe immediately above the Venturi Meter 
destroy the accuracy of the meter as a measur
ing instrument so that great care must be exer
cised in determining the conditions of installa
tion, and the coefficients applicable under such 
conditions of installation, in order that accurate 
quantity determinations may be arrived at by 
the use of such meter. On' acceptance tests the

following conditions in regard to the meter shill 
apply :

Wherever possible the venturi meter should 
be calibrated in place in the piping system volu- 
metrically before an acceptance test under this 
code. When this is not possible the specific 
proportions of the meter shall be the same is 
that of a meter that has been calibrated by prc* 
cision methods.

The manufacturer of the meter shall submit i 
certified curve showing the calibration of the 
meter. The certification must state the method 
used in calibration and whether the meter it
self was calibrated or whether calibration was 
obtained with another meter of same specific 
proportions.

The straight length of pipe preceding the ven
turi tube must be of the same diameter as the 
venturi tube inlet and the length must be not 
less than ten diameters. When it is impossible 
to provide the length of straight pipe as required 
above straightening vanes must be used to 
steady the flow, and means taken to determine 
that flow is straight and substantially equal io 
velocity at entrance to venturi.

The size of the venturi tube shall preferably 
be such that the velocity in the throat is greater 
than 20 ft. per second for normal capacity c 
pump tested. This insures not only a differen
tial pressure that can be read with great ac
curacy, but it also brings the coefficient dose 
to the non-varying part of the curve. Iu ®r* 
ing official tests manometers shall be used ar. 
not recording dials.

The equation of the venturi meter is

Q - C  A, I V2?i
VRM

Where Q — rate of discharge in cubic feet per 
second

C — coefficient of discharge from calibra 
tion data

At— area of the entrance section at the 
up-stream pressure connection 
square feet

R -  ratio of entrance to throat diamet« 
D>/D,

to
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g — acceleration of gravity— 32.174 .at sea 
level and about 45 degrees latitude

h —difference of pressure as indicated by a 
manometer when connected to the in
let and throat pressure connections of 
the venturi tube, expressed in feet 

If the rate of discharge is to be stated in 
.pHoni per minute the equation of the venturi 
stter becomes —

gpiH-3.11? C • A , • 1 V2gh 
VRM

’̂htre C — coefficient of discharge
A,— area of the entrance section at the Up

stream pressure connection in square, 
inches

R" ratio of entrance to throat diameter

g — acceleration of gravity— 32.174 at sea 
levfel and about 45 degrees latitude

h — difference of pressure as indicated by 
a manometer when connected to the 
inlet and throat pressure connections 
of the venturi tube, expressed in feet

F-13. W EIR 
Tta weir is one of the oldest means Of 

ensuring large quantities of water and under 
poper conditions and in the hands of experts 

reliable results provided the velocity of 
‘ppittach to the weir, the smoothness and cleanli- 

of the crest, the height on the weir with 
topect to the length, are proper for the weir 
*i=g used. Proper baffling is very important 

small differences from the proper conditions 
considerable variations in the quantity on 

»he weir.

code provides that an uncalibrated Ven- 
tafi meter may be used provided that “the specific 
Portions of the mfcter shall be the same as 
7 * of a meter that has been calibrated by pre- 
* * *  methods.”

The weir here dimensioned and described and 
co.ered by these specifications is of the specific 

p̂ortions of weirs that have been calibrated 
■ !j*Prec‘sion methods and coefficient determined. 

*  coefficient here specified is on this specific

form of weir only, and this code does not permit 
any other form of weir-or formula for use in 
acceptance tests.

For acceptance tests where the quantity is to 
be determined by the weir, the following shall 
apply:

The’ weir shall be rectangular in form of open
ing,. sharp crested, with* smooth, vertical- crest 
wall, complete cresE contraction, free overfalj, 
and have end contraction suppressed. The crest 
shall be. formed of metal about %  inch thick, 
with sharp right angled corner on the upstream 
edge, an actual crest width of inch, smooth 
and free from rust and grease at the time of 
test, and beveled at an angle of 45 degrees on 
the downstream face. The crest edge shall be 
level. Complete aeration of the nappe shall be 
secured and observation of'the crest conditions 
and form of nappe shall be made during the test 
to avoid defective conditions such as adhering* 
nappe, disturbed or turbulent flow, or surging. 
The side walls of the channel shall be smooth 
and parallel and shall extend downstream be
yond the overfall above the level of the crest. 
The-welr shall be set at right angles with the 
line of the channel of flow.

The depth "P ” of the channel of approach,
, (Fig. F-l), below the weir crest shall not be 

less than 3H where H is the maximum head 
for which weir is to be used.

F-14. Conditions of Installation and Use. The 
weir or weirs shall.be located on the discharge 
side of the pump, and care shall be taken that 
smooth flow, free from eddies, surface disturb
ance, or the presence of considerable quantities 
of air in suspension, exists* in the channel of 
approach. To insure this condition the weir 
should not be located too close to the discharge 
of the pump, and stilling racks and beams should 
be used when required. The channel of ap
proach.should be straight, of uniform cross sec
tion and should be unobstructed by racks and 
booms, for a length of at least 15H from the 
crest. The racks should be arranged to give 
approximately uniform velocity across the chan
nel of approach.
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F-15; Measurement of Head. The head (II) 
n the weir, shall, be measured by the use of 

.'look gauges placed in stilling boxes located at 
•Jie-side of the. channel of approach, upstream 
from the weir at a distance of not less than five

nor more than ten times the maximum head, 
communicating through a pipe 2y i  inches in <8** 
meter, with the opening located in the ers.tr 
of the channel of approa'ch and six inches abort 
the bottom of the channel. (See Fig. F*l).

O  T O  B C  >  5 H  tvilKJ. A.M O < I O H  M A X

P R O P O R T I O N S  O r- R C C T A N G U L A R  W C I R

F ig . N o. F*1

F-16. Formula. The discharge is to be com- 
nuted by the Hamilton Smith formuli, as follows:

Q — 3.29 ( b +  ° )  D

Q — quantity in cubic feet per second, 
b —» length of weir in feet 
D - H  +  ah

;H — Head on weir in feet 
a —  1.33 for a suppressed weir 
. V* where V — mean velocity of approach’ 

""2g  - ft/sec

F-17. NOZZLE 

A  circular.nozzle of the converging type used 
•for the determination of quantity is in effect’ a 
venturi meter and the coefficient of the nozzle 
is affected by the same factors which affect the 
coefficient of the venturi meter. Consequently 
the same rigid tests or calibrations arc to be 
applied to the.nozzle as tor the venturi meter.

Wherever possible the nozzle and aPPr,^  
pipe shall be calibrated in place in the P'P'  ̂
system volumctrically before an acceptance t 

When this is not possible the nozzle, approx 
pipe and piezometer shall be of homologous re
sign in all particulars to a calibrated nozzle am* 
providing that the nozzle used is not more 12 
five times the size of the calibrated nozzle.

In making tests with nozzles the following, 

shall apply:

The approach pipe or straight extension ahead 
of the nozzle shall have a length equal to * 
least ten diameters of the large end of the bob**- 
When this is not possible straightening 
shall be used to steady the flow and meaaS 11  ̂
to determiuc that the flow is straight an *  ̂
stantially equal in velocity at the entrance  ̂
the nozzle. The piezometer ring for the at c  ̂
tnent of pressure reading.instruments sha

IS ]
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circular ring: with four or J4 " diameter holes 
perpendicular to the axis of the pipe and with 
the edges of orifices exactly flush with the sur
face of the pipe and rounded to a radius of 1/16*̂ .

The discharge shall be computed from the 
following formula:

Q — CA, 1 V-2gh 
VR‘-1

Vi here Q rate of discharge in cubic feet per 
second

C coefficient of discharge from calibra
tion data

A4— Arta of the entrance section at the 
up-stream pressure connection in 
square feet

R—ratio of entrance to nozzle diamctcrU^/c^

F-18. P ITO T TU B E TRA V ERSE

The pitot tube traverse method of water mea
surement consists of determining the velocity 
"ith pitot tube at sufficient points in a measur- 
ir-g section to accurately determine the average 
velocity for that section.

The pitot tube is a very valuable instrument 
by which expert hydraulic engineers can deter
mine with a fair degree of accuracy the quantity 
of water /lowing in a conduit where the condi
tions of flow are steady during the time' rê  
quired to make a traverse and where the conduit 
is long enough and.smooth enough to give the 
required flow conditions. The coefficient of the 
pitot tube point itself is affected by cross cur
rent flow and the instrument has to be used with 
care.

The Pitot tube here dimensioned and described 
has1 the specific proportion of Pitot tubes that 
have been calibrated by precision methods and 
the coefficients determined. The coefficient here 
specified is applicable to this specific form of 
Pitot tube only, under the specific conditions 
herein outlined.

This code does not recognize any other form 
of Pitot tube for use in acceptance tests.

On acceptance tests where the quantity is to 
be determined by means of Pitot tube traverse 
the following shall apply:

t i p  o r  p i t o t  t u b e :

Fig. No. F-2

M
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The measuring ^section shall be located in a 
straight run of pipe on the discharge of thfc pump 
at a distance equal to at least ten pipe diameters 
from any upstream and at least five diameters 
from any downstream bend, elbow, "Y " branch 
pipe, valve, or any obstruction to smooth flow.

The area of the cross-section shall be deter
mined with an accuracy within two-tenths of 
one percent.

. The'pitot tube shall be of the single opening 
impact type, made according to the dimensions 
shown in Fig. F-2, and shall at all times point 
•upstream normal to the plane of the section.

For measuring the pressure head, ho less than 
four piezometers shall be installed in the walls 

.of the pipe in pairs diametrically opposite to each 
other, and equally spaced around the pipe. The 

.piezometer orifices shall be from to l/ t  inch 
in diameter and their edges shall be free from 
burrs or irregularities and shall '"be rounded 

• to a radius of 1/16 inch.

A  constriction of the diameter not more than 
one-half of any other passage from the pitot 
tube point to the measuring gage shall be used 
and such a_ constriction shall preferably be in a 
flat plate with glass wall3 arranged so that ob
structions at the constriction which might act as 
check valves to destroy proper readings shall 
be noticeable.

The pitot tube shall be arranged to traverse at 
least two diameters and preferably four diameters 
of the pipe. The diameters at which traverses 
are made shall be-equally spaced around the pipe.

The piezometer orifices shall be connected to 
separate water column glass gauges or merqury 
manometers. The pressure head at the pitot 
tube section shall be taken as the average of all 
the piezometer readings.

The velocity head “ h”  for each point of the 
traverses shall be the average pressure head as 
determined above, subtracted from the pitot tube 
reading for that point. The velocity at each 
point of the traverse shall be computed by the 
formula:

V i ~  V2gh,
Where V t  •— the velocity at point No. 1 in ft. p« 

second

g — the acceleration of gravity in ft. per 
second per second — 32.174 

h, — the velocity head at point No. 1 « 
determined above in feet-

The velocities for the traverse at each diameter 
shall be plotted against equal areas of tbe 
measuring section and the arfca of the curve 
planimetered to obtain the average velocity for 
that diameter. The velocities of the traverse of 
all the diameters shall be averaged to obtain the 
average velocity for the section.

The flow for each traverse shall be the average 
-velocity for the section times the area of the 
section, times a pitot tube constant of .994. This 
constant is applicable only to pipes of not more 
than 24-inches diameter.

Q - C V A  

Where Q — the flow in cfs.
V  — the average velocity in feet per sec

ond as determined above.
A '— the area of the cross section in 

square feet.

C — the pitot tube constant — .994.

The average flow for any given test run shall 
be the average of the flows as determined by the 
three or more complete traverses made for each 
run.

If the quantity of flow as determined by a tra
verse differs by more than two percent from the 
average of the other traverses made d u rin g  t e 
same run, the test run shall,be repeated. If fc* 
peated tests fail to satisfy this requirement, t e 
test shall not be considered to meet the degree 
of accuracy required by this code and its re
sults shall not be applicable as an acceptance 
test under this code.

CURRENT METER
F-I9. Description. Measurement of quantity 

of water by this method consists of determining
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tbe velocity with current meters at a sufficient 
number of points in a measuring section to ac* 
curatcly determine the average velocity therein.

The current meter is a useful instrument for 
«ktermining the velocity of flow in open chan
nels. It is not generally used for precision test
ing if other methods of quantity determination 
are applicable.

Considerable work has been done recently with 
current meters and in order to secure the ac
curacy required on tests of centrifugal and rotary 
pumps, the following shall apply.

F-20. Selection of Current Meters. Two types 
of current meters shall be used, one which will 
over-register, and one which will under-register 
the cosine component as little as possible in 
oblique flow.

Two or more meters of each type shall be 
used. Half of the meters shall be right hand 
rotation, and half left hand rotation. The meters 
shall be so arranged that they alternate with 
respect to the direction of rotatiori.

F-21. Calibration of Current Meters. All 
meters used shall be calibrated before and after 
fhe tests to determine their still water rating. 
The meters shall be calibrated on their supports 
and mounted as when used in testing.

F-22. The Measuring Section. The bottom 
and sides of the measuring section shall be 
regular and smooth and the bottom shall be 
sufficiently hard for accurate measurement.

Where the measuring section is located in a 
natural stream, there shall be practically no 
change in the cross section for 50 feet upstream 
and 25 feet downstream from the measuring 
section.

The physical dimensions of the measuring sec- 
tion shall be determined from actual field 
measurements at sufficient points to keep the 
error within two-tenths of one per cent. Draw
ings shall be used only as a check on field
measurements.

for any given quantity of flow, the dis* 
charge as determined by the over-registering

type of meter differs by more thain one per cent 
from the discharge as determined by the under- 
registering type, the measuring section shall be 
considered unsuitable for current meter measure
ments for the degree of accuracy required by 
this code and the results shall not be applicable 
as an acceptance test.

F-23. Conduct of Test. For all quantities of 
•flow to be measured, a complete traverse of the 
measuring section shall be made with each type 
of meter.

If either party to the test questions the 
proper neutralization of swirl effect, check runs 
shall be made with the right and left hand rota
tion meters interchanged, giving a complete 
traverse of the metering sections with each of the 
meters used.

During the test the meters shall be supported 
normal to the measuring section by means of a 
rigid streamlined rod or frame.

Either the point by point or the integral 
traverse method of testing may be used. If 
the point by point method is used, the number 
of metering points’ shall not be less, than four 
times the square root of the metering scctiort 
area in square feet. The meters shall be held 
at each measuring point for a sufficient length 
of time so that the velocity can be measured 
for a period of at least one minute.

The integral traverse method shall be used 
only when a reliable mechanical means for ob
taining uniform traversing speeds is provided. 
The same traversing speed shall be maintained 
for all the runs of a test and shall not exceed 
the rate of four feet per minute.

The meter registration shall be either timed 
by a stop watch or recorded graphically.

The elevation of the water surface shall be 
observed continuoqsly during a run of current 
meter measurements. If during a single traverse, 
the elevation of the water surface changes.by 
such an amount as to change the area of the 
cross section by more than one per cent, the 
run .shall be postponed until steady conditions 
prevail and shall then be repeated.

CIO
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F-24. Computation of Results. The velocity 
of the water shall be determined from the revolu
tions of the current meter and its still water 
rating. For the point by point method, vertical 
velocity curves shall be plotted and the areas 
planimetcred in order to obtain the mean velocity 
for each vertical section. A horizontal velocity 
curve shall then be plotted from the mean vertical 
values as obtained above or as given directly by 
the integral traverse method, and the area plani- 
metercd to obtain the mean velocity for the 
entire section.

In drawing the velocity curve at the boundaries 
the seventh root law shall be used as follows: 

X ’/7V  —» v

Where X »  distance from the boundary to the 
point being plotted, in fractional 
portion of the total distance from' 
boundary to first metering point 
(X — 1 at first metering point).

V  — velocity at first metering point. 

v«=* velocity at* any point X.

The quantity of flow will then be the average 
velocity as determined above multiplied by the 
area of the section.

If the variation between the discharges as de
termined by the oyer-registering and under-regis
tering meters for any given quantity of flow is 
less than one per cent, the true quantity of flow 
shall be taken as the mean of discharges as de
termined by the two types of meters.

F-25. A LLE N  SA L T  V E L O C IT Y  AND 
GIBSON METHODS

The great development in the hydro-electric 
field during the past twenty years has occasioned 
the development of two methods for the de
termination of a large quantity of flowing 
water. These two methods are the Gibson 
Method and .the Allen. Method invented by Mr. 
Norman R. Gibson of Niagara Falls, and Pro
cessor Charles M. Allen of Worcester, Massa
chusetts. These two methods provide precision 
means of measuring large quantities of water.

They are to be used only in the hands of ex-' 
pcrts and preferably by the direct representatives 
of the inventors'to whom it is recommended that 
application be made when tests are desired to 
be conducted by either of these methods.

F-26. M EASUREM ENT OF QUANTITY.
B Y  OTHER METHODS

When the methods of quantity measurement 
as herein set forth are not available, other 
methods may be used as the alternate method 
only after mutual agreement between buyer and 
seller, as to the coefficients applicable and as to 
the method to be followed in the conduct of the 
test. Results obtained by such methods, shall 
not be advcrtisablc.

F-27. ORIFICE PLATES
The test code for the measurement of quantity 

by means of an orifice plate is just now in the 
state of flux. Some members of the Institute 
have used orifice plates with undoubted accuracy 
for the determination of quantity of liquid, par
ticularly oil, under certain conditions,' but these 
applications are somewhat special. Sufficient 
tests have not yet been made to write the de
tails of a test code that would cover, the degree 

of accuracy intended to be covered by this code.
The measurement, by means of the orifice 

plate, when • using free discharge, should be 
subject to the calibrations and requirements as 
set forth herein for nozzles. The orifice plate in 
closed pipe would correspond most nearly to 
theVonturi meter, and the conditions as to cali
bration and lengths of pipe before the orifice 
plate would in general apply as herein specified 
for the Venturi meter. Under this issue of the 
test code it seemed advisable to leave it option 
with the manufacturer as to whether he sha 
accept the results of tests determined by the 
use of the orifice plate. In this case it is 3 
matter of special agreement between the buyer 
and seller as to whether and particularly as to 
what type and what coefficients shall apply >v̂ en 
using orifice plates.

(121



H yd ra u lic  I n s t i tu te  Code 13

S T A N D A R D S ,  O F  H Y D R A U L I C  I N S T I T U T E
TEST CODE

F-28. MEASUREMENT OF HEAD 

Thi standard unit'for measuring head shall 
« the foot. The relation between the pressure 
«pressed in pounds per square inch and that 
«pressed in feet of-head is:

Head in ft — lb/sq in. X  ^  7-*
Density lb/cu ft

For water at 68° F, 1 lb/sq in. — 2.310 ft

The total dynamic head on the pump is the 
¿Serence between the elevation corresponding 
to the pressure at the discharge flange of the 
?2®p and the elevation corresponding to the 
twuum or pressure at the suction flange of the 
paap, corrected for the same datum plane, plus 

velocity head at the discharge flange of the 
P“3p; minus the velocity head at the suction 

of the pump.

The velocity is to be computed by dividing 
L* measured rate of pumpage in cu ft/scc by 
• measured area in sq ft at the point of pres- 

measurement. The velocity head is then 
to be computed by the following formula:

h7 -V_*
2 g

here V — velocity in ft/sec 

The gauges shall, when practicaMe, be water 
or manontcters, and for high pressures 

6 mcrcury nianometers, bourdon gauges, 
f ead weight gauge testers; when water 
•*mns are used, care shall be taken to avoid 
0fs due to the difference between the temper- 

nt* °* ttlC water *n t h e  gauge and that of the 
sjjf.W PumP- Gauges and manometers 
;f be used accordance with Pars. F-29-F-32 
« this code.

The piezometer orifices shall be flush with 
and normal to the wall of the water passage and 
the wall shall be smooth and parallel with the 
flow in the vicinity of the orifices. The piezo
meter orifices shall be from %  t o  %  inches in 
diameter and their edges shall be free from 
burrs or irregularities and shall be rounded to 
a radius of 1/16 inch. All gauge conhections 
shall be tight against leakage.

‘ In cases where static pressure is unavoidably 
required in a conduit immediately succeeding 
an elbow, or other bent conduit such as the 
scroll case of a centrifugal pump, particular 
pains must be taken to avoid the error due to 
the fact that the static pressure on the outside 
of the curve is higher than the true value. The 
only way to get a reliable reading is to provide 
a length of straight pipe at least equal to ten 
diameters from"the pump casing to the pressure 
hole, and a further length of straight pipe of at 
least equal to two diameters should be provided 
between the pressure hole and any succeeding 
irregularity such as an elbow.

In actual .installations it will be often found 
impossible .to provide, a straight pipe of the pre
scribed length between the pump discharge and 
the pressure hole which will make it impossible 
to accurately measure the static head. For 
important installations it is customary to have 
four static holes over_ the circumference of the 
pipe at or near the pump discharge flange with 
separate pressure measuring instruments for 
each hole. If the separate manometers show a 
substantial difference of static pressure of a 
value that would affect appreciably the total 
head to be measured then it should be agreed 
that it is impossible t o  measure the total head 
accurately.

in ]
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F-29. USE OF BOURDON GAGES

D /o e n a rg t

Fig:. No. F-3. Absolute Suction Head Above 
Atmosphere

Fig. No. F-4. Absolute Suction Head Above 
Atmospherp

D iicharyt

Fig. No. F-S. Absolute Suction Head Below 
Atmosphere

Ctnttrline of Purrp £ ___ Datum

°1
¥<S

Jt>£D — -vd
D/ôCfianjt. D ra in  P et

& Öl̂ H t rc u ry  P o t 

Fig. No. F-6. Alternative to Fig. No. F-5

Total dynamic head in feet
Vd* —  V,* 

2g
H - h 4—  h,—  f +  f i + -  

Suction head at datum 
h'.-h,.— ft
Caution. Be sure gauge connection pip« f14 

full of water before attaching gauges.

Total dynamic head in feet

V^ —  V.»H «  h«j —  h, —  f —  fi +  - 

Suction head at datum 
h',»h, +  fi

2g‘

Caution. Be sure gauge connection pip«*v t  

full of water before attaching gauges.

Total dynamic head in feet
■ w  -  V.»'

2gH=»h<j —  h,—  f +  ft H—

Suction lift at datum 
h ",“  — h, -f* ft
f , «— distance to pipe tap of connection. 

Caution. Be sure discharge gauge conC* 
tion pipes are full of water, and suction g» 
connection pipes filled with air. Occasions / 
open drain valve on suction connections.

Total,dynamic head in feet
w - v . *

H=hd +  h.— f +  f i + - 2g
h,=*fect of watfer

Vd* — V.1
H - h j +  Sz.— f + f t + — 2i —

Where z, — feet of mercury
S —  sp gr of mercury

Suction lift at datum 
h " .-S z ,+ fi.
Caution. Be sure discharge g*uge 

tion pipes are .full of watec

conn#’

DO
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Use of Bourdon Gages—Continued

Total dynamic head in feet

H -h a —  h,—  f + f i - f Vd« — V.»
2g

Suction lift at datum 
h " , - ~  h. +  ft
Caution: Be sure both gauge connection pipes 

are full of water.

Unter U n i o ft

Atmosphere

F-30.. USE O F MERCURY U-TUBES

Total dynamic head in feet
k

Fig. No. F-8. Absolute Suction Head Above 
Atmosphere

J

a #

.

Zt

:
_

h ' .- (S - M )

2g

• F-9. Absolute Suction Head Less
- Than Atmosphere

Where zj and z, — readings in feet of mercury 
S — sp gr of mercury

Caution. Connection pipes must' be filled 
with water.

Total dynamic head in feet 

H -  ( S - K )  fct+z.) -  f +  f. +
„  . 2g
Suction lift at datum 

h " i- ( S - M )  (z.) +  fv 
Where zj and z,«  readings in’ feet o f  mercury 

S “ sp of mercury

Caution. Connecting pipes must be filled 
with water.

! C enter Lin e  o f  Pump -£>trfune 

\
5 D isch a rge

sI ctt=? ------- ‘V i

ii ~TT - 1Z i u

Vd> —  V,* 
~-2g

*'N < rcu ry r o f  

fig- No. F-10. A lternative to Fig. No. F-9

Total dynamic head in feet 

H -(S — H ) zj +  Sz. —  f + f t  +
Suction lift at datum 

h", ■» Sz, 4- fi 
Where S — sp gr of mercury.

Caution. Discharge gauge connecting pipe to 
be filled with water, suction gauge pipe to be 
air filled.

US]
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F-31. USE OF D IFFE R EN TIA L GAGES

''•C enter L ine o f  Pum p

Total dynamic head in feet

»■Va H — gauge reading 4 - V S — V.*
. 2 S

ing readings and closed while taking reading*.

^ C e n te r  Line o f  Pump

Suction head either above or below atmospheric: 
discharge head above atmospheric

H “ (S—  l ) z +  -

Total dynamic head in feet 

V,,*— V.*
— 21“

Whdre z —  reading in feet of mercury.
S —■ sp gr of mercury.

•Caution. By-pass to be opened before read
ing. Be sure connecting pipes are filled, as 
valve is closed while taking readings.

Total dynamic head in feet

H « S z + Vj* — V.*
2g

- f + f i

Where z — reading in feet of mercury.
Caution. Connecting pipes to be drained be 

fore taking readings.

Suction head and discharge head below atmospheric
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Use of Differential Gages— Continued

Ç tn

T

ftr/ in e
Pum p

V — . ’¿  —

fatlOA
b i

Total dynamic head in feet

V> V*
H - S z  • - +  f  - f  fi

2g

Caution. Connecting pipes to be drained be
fore taking readings.

Fig. No. F-I3a. Mercury U-Tube* 
Discharge and suction at different levels

F-32. USE OF W A TER  GAGES AND U-TUBESs

Suction

u
Total dynamic head in feet’ 

, Va* — v̂,*H - H t  + -
2g

D /jc A o r j f

fy- No. F-14. Absolute Suction Pressure Above Atmospheric 
Absolute discharge pressure above atmospheric

„ H - h d— h. +  fi —  f ’+  

Suction head at datum 
h . - h . —  ft

Vd* — V.«
?g

Drain Pot-

Total dynamic head in feet'
Vj*  V *H  -  hd +  h ,  +  f t  —  f +  —  ^

Suction lift at datum' 

h " .-b . +  ft

2g

L h ę3 L00p *° P rtY e n ł /»to U -T u t* from

^   ̂ ^solute Suction Pressure Below Atmospheric
bsolute discharge pressure above atmospheric

WlW /> V  o f  Pum p

iay/ r %

«5-

D atum

DiAC/mnjo 

'Dnrin P ot=mQ
train Fty>

*AK t a c t i o n  P r e s s u r e  B e lo w  A tm o s]
Absolute disch arg e  p re s s u re  b e lo w  a tm o s p h e ric

 ̂  ̂¿ S t?  ̂ °aP  to p ra w tt  W a txrp + A sirx j in to  U “Tub* from

* Suction Pressure Below Atmospheric
c

[17]

Note. • Water can not be used in suction 
gauge if h is greater than height of rising loop

X * f

Total dynamic head in feet
V .* V *

H » h ,— hd +  fi —  f +  * 2 g ~ ~ ^
Suction lift at datum 

h"t «h. +  ft
Note 1. Water can not be used in suction 

gauge if h, is greater than height of rising loop. 

Note 2. H, hd, h„ f, and ft read in feet.
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F-33. . M EASUREM ENT OF POW ER INPUT 
TO  PUMP 

The unit of power is the horsepower 
1 hp — 550 ft lb/sec

Measurement of power input to the pump, 
that is, the brake horsepower of the pump falls 
into two general classes:

(1) Measurements which within themselves 
determine the actual power or torque delivered 
to the pump and are, therefore, made entirely 
during' the test by using some form of transmis
sion dynamometer.

(2) Measurements of power input, during the 
pump test, to the dfiving element, and the pre
vious or subsequent determination of the relation 
of the power input to the power" output of this 
driving element, under identical conditions 9f 
the pump test.

The use of transmission dynamometers and 
motors that have been calibrated with a trans
mission dynamometer shall be taken as giving 
the absolute power input to the pump.

The majority of centrifugal pumps under test 
are'driven by electric" motors and it is the 
custom to measure the electrical input to the 
motor, multiply such observations by the effi
ciency of the motor to thus determine the power 
input to the pump shaft. The guarantees of 
performance of pumps covered by this code arc 
based strictly on the actual mechanical power 
delivered to the pump shaft and not to the com
puted power based on some arbitrary electrical 
measurements for determining the efficiency of 
the motor. Where a question exists as to the 
efficiency of the motor, its efficiency shall be 
determined by the measurement of the electrical 
energy input and the mechanical energy output 
by means of prony brake or other acceptable 
method.

Where, the efficiency of the motor is based 
upon the assumption of no load losses, the 
burden of proof as to the efficiency of the pump 
motor shall lie with the purchaser and not with 
the pump builder.

The power delivered to the pump shaft when 
direct connected to the driving element shall-

be the actual power output of the driving ele
ment. If the efficiency as determined by the 
code prepared for the test of the driving element 
does not give the actual or true efficiency, but 
a conventional one, a correction factor must be 
applied to give the true efficiency.

. All efficiency guarantees on driving element» 
to be used for driving centrifugal or rotary 
pumps shall t>c the true input-output efficiency, 
and if the conventional efficiency is given, the 
correction factor to reduce the efficiency to the 
input-output value must be determined and used.

When measuring power to ah electric motor 
the measurements shall be taken at the motor 
and not at the switchboard, so as not to include 
any of the losses between the switchboard and 
motor.

When both the dynamometer measurement 
and the electrical determination are carefully 
followed out, agreements are readily secured 
that'are within

When the method of test as outlined above 
cannot be employed, other methods as outlined 
in the codes covering each particular type of 
driving unit should be agreed upon.

F-34. M EASUREMENT OF SPEED 
,The speed of the pump shall be taken by a 

revolution counter or an accurately calibrate 
tachometer. An accurate measurement of speed 
shall be considered essential.

F-35. CALCU LATION  OF RESULTS 

Output
The water horsepower is found by the follow

ing formula:
/ Pounds of liquid W  Total dynamic^ 

whp —I pumped per min / Vhead in ft of hqu_ J 

\  3 3 ,0 0 0  '
Where whp — water horsepower.
When the weight of water is 62.318 lb J*r 
ibic foot. _.
(Density at standard temperature of 68 

whp —  gpm x (total head in feet)

3960
Where gpm — gallons per minute.

( » I
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if the pump is handling a .liquid other than 
«ter or water at a temperature resulting in a 
iifferent weight per cubic foot than 62.318, the 
ibove formula must be corrected for the specific 
gravity of the liquid so that 

whp — gpm x (total head in feet) S 

3960

Where S — specific gravity of liquid referred- 
 ̂68° F water.

If the total dynamic head is expressed as 
pounds per Square inch, the formula for theo
retical horsepower irrespective of specific grav
ity of the liquid becomes 

whp — gpm x  (total head in lb/sq in.)

P-36. Input .The Brake Horsepower input 
(bhp) when measured by transmission 'dy~ 
<amometer is found from the following formula:

. .  2? LW N
hp 33,000 

where L — Length of lever arm in- feet 
W — Net weight in pounds •
N — Speed in revolutions per minute 
* -3.1416

The Electrical Horsepower input to an elec
tric motor is given b y:

. kw
p “  .7457 

where kw — Kilowatt input.

The Brake Horsepower input to a pump driven
*n electric motor is :

bhp — ehp x Em 
Em — True efficiency of motor (Sec’ par.-

“•¿OJ CD

P-37. Efficiency. The pump efficiency is found f

F-38. Correction to Constant Speed— Centri
fugal Pumps. For purposes of plotting, the 
capacity, head and power shall be corrected from 
the test values at test speed to the rated speed of 
the pump. Within small limits ,o f, speed, say 
1 5 % ,  the corrections are made as follows:

_ N 1 x Q 1
Nt

Where Q, — Capacity at test speed 

Q, —  Capacity at rated speed 
Nj — Test Speed 

N ,— Rated Speed

Hi —  (N , ) 1 
’ (N,)*

Where -H, —  Head at Test Speed 

H, —  Head at Rated Speed

H P, -  (N,)‘  „
(N,)* HPl

Where‘ hp, —  Horsepower at Test Speed 

hp, — Horsepower at Rated Speed

F-39. Plotting of Results. The Total Head, 
Efficiency, and Brake Horsepower are usually 
plotted as ordinates on the same fcheet against 
the Capacity as abscissa as shown on Fig. F-17.

H,

Ep — 0 utPut T* whp 
Input bhp

The combined efficiency of a motor driven 
is found by:

whi

_  . r  ,

Ctnotti Copot ity 
—Hood for wliitlt fym

Oincrii

/ / ■

f ,m*f’ C

/ .

E c - .
ehp. or — Ep x Em

C opoclfy Of Pwmp (Qol. p«rMi<0

Fig. No. F-17 
Sample Plot Showing Characteristic Curves for a 

Test Where the Data Has Been Corrected to 
Constant Speed of 1100 rpm

C1®1
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D A T A  A N D  R E S U L T S  O F  C E N T R I F U G A L  O R  
R O T A R Y  P U M P  T E S T

F-40. General Information:

1. Date of test
2. Location
3. Owner
4. Manufacturer
5. Object of test
6. Test conducted by
7. Test witnessed by

F-41. Description and Dimensions:
8. Type of pump. (Centrifugal or rotary, 

horizontal or vertical shaft, split or solid 
casing, enclosed or open impeller, single 
or multi-stage, single suction or double 
suction, volute, or- diffusing vane type, 
etc.)

9. Type of driver (whether motor, turbine, 
internal combustion engine, belt drive, 
etc.)

10. Rated capacity.................gpm..................
mgd.................

11. Rated Total Dyn 
Ib/sq in.......................

12. Specified Suction Lift (pressure).,....«  
feet

13. Rated Temperature of Liquid 
° F

14. Rated Speed
15. Liquid pumped
16. Method for measuring capacity
17. Method for measuring head

• 18. Method for measuring power
19. Size of discharge nozzle........ inches diam
20. Size of suction nozzle!......... inches diam

AVERAGES OF D ATA AS RECORDED

F-42. General:
21. Test number
22. Date
.23. Time

namic H ead...  .F eet.. . .

24. Conditions peculiar to particular test
25. Readings by
26. Barometer inches Hg
27. Room temperature °F
28. Elevation of test installation above ses 

level feet

F-43.
29.
.30.

Pump:
Suction lift (pressure) feet
Discharge head......... Ib/sq in.;.

(a)' Computed velocity in suction pij*
at gauge    .ft/sec

' (b) Computed velocity in discharge pipe
at gauge............. ft/sec

(c) Head due to difference in velocity 
heads plus or minus............fecl

31. Total dynamic head Ib/sq in......
feet

32. Speed
33. Inlet and throat size of Venturi tube or 

other meter
34. Meter differential pressure............ 'nĉ tt

Hg
■35. Meter coefficient
36. Brake horsepower (dynamometer read 

ings only)

F-44. DRIVER
(A) Steam Turbine:
37. Pressure of steam to throttle.........

Ib/sq ini (abs)
38. Quality of steam to throttle 

percent moisture.
39. Exhaust pressure  'b/s(l >n- ^
40. Exhaust quality .................  ̂ °r PerCC

moisture.
41. Steam flow to turbine throttle.........

lb/hour f
42. Output in horsepower by guarantee o 

separate test..............
43. For more detailed list see Test Code 

Steam Turbines.

,.F or

[20]
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(B) Electric Motor :
44. Potential. . . . . .  4. volts _
43. Current . .   .amperes
46. Frequency cycles per second
47. Power input. lew, phase 1, 2, 3
48. Speed rpm
49. Excitation...
50. Output in horsepower by guarantee or 

separate test.......
5l; For more detailed list see appropriate 

AIEE Codes

(C) Internal Combustion Engine, etc.:
52.- Calorific value of fu e l . . .  Btu per lb
53. Fuel consumption.............. lb/hour
54. Exhaust temperature................ °F
55. Output-in horsepower by guarantee or 

separate test .......
56.’For more detailed list see appropriate 

ASME Codes

F-«. PERFORMANCE UNDER A CTU AL 
TEST CONDITIONS

'*■ Test number-
58. Date
59. Time

CO. Conditions peculiar to particular test
61. Volume of water pumped..............gpm
62. Total dynamic h e a d .,. feet
63. Temperature of liquid
64. Specific gravity of liquid
65. Theoretical horsepower
66. Brake horsepower input to pump (by 

direct measurement, guarantee, or sepa
rate test data of driver)

67. Pump efficiency
68. Overall efficiency of pump and driver
69. Duty million ft lbs per 1000 lb

steam.

F-46. PERFORM ANCE INDICATED FOR 
SPECIFIED CONDITIONS

70. Speed..............specified rpm
71. Total dynamic head at specified rpm 

.............. feet
72. Capacity at specified rpm..............gpm
73. Brake horsepower at specified rpm

F-47. GRAPH ICAL PRESENTATIO N 
OF RESULTS

74. Characteristic curves

12*1
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R E C IP R O C A T IN G  P U M P S

Paragraphs 1 to 47 inclusive of the test code for centrifugal pumps shall apply to the testing of recipro
cating pumps with the following additions and exceptions:

Acknowledgment is made to the American Society of Mechanical Engineers 
for use of certain, provisions from the A.S.M.E. test code approved October- 
25, 1925, but no other provisions of the A.S.M.E. test code are to apply except 

thoso herein specifically recited.

F-48. Measurements. The fundamental meas
urements for a duty trial of a reciprocating steam 
pumping engine arc:

(a) Amount of water pumped, in pounds

(b) Average total head, in feet

(c) Amount of steam supplied, in pounds; or 
the amount of heat supplied in British 
thermal units (Btu).

F-49. Instruments and Apparatus. The in
struments and apparatus required for a perform
ance test of a steam-driven reciprocating dis
placement pump include i

(a) Tanks and platform scales for weighing 
water

(b) Graduated scales attached to the water 
glasses of the boiler, if the feed water is 
measured.

(c) Pressure gauges, vacuum gauges, and ther
mometers provided with suitable wells

(d) Steam calorimeter

(e) Barometer

(f) Revolution counter or other accurate 
speed-measuring device

(g) Indicators

(h) A planimeter

(») A  deadweight gauge tester.

The gauge on the discharge main should be at
tached near the pump discharge nozzle, 
that on the suction main near the suction noznf 
These gauges should be attached at an angle of 
90° to the direction of flow. The gauge pipe* 
should be provided with valves at the gauges and 

•pet-cock air vents.

When a suction or discharge surface condenser 
is in use as part of the unit under test, water- 
head readings should be made outside of and 
beyond the condenser so that the loss of head 
through the surface condenser will be charged 
against the main unit.

F-50. Preparations. Leakage Test of Pu®P- 
The tightness of the suction and discharge aahes 
(and the plunger packing, if the pump is 
inside-packed construction) should be ascertain 

cd by applying the specified discharge pressure 
on them and observing the leakage by removing 
a handholc or manhole cover on the suction f 
of the part being tested. If essential to t e 
object in view, the valves should be made tig 
the plunger packing should leak only enough to 
insure that the friction of the packing on t £ 
plunger is not excessive. In the case of 
acting pumps with inside-packed plunger» ■ 
amount of leakage may be estimated by clo»m? 
the discharge valve and running the pump ]*** 
fast enough to maintain the .normal disch.rĝ  
pressure. If sufficient leakage is found to a e 
the capacity materially, the conditions sbo
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«.corrected before proceeding- with the- test 
work.

F-5i. Steam Rate. The steam rate of the 
«ogine should be determined by measuring the 
condensate from the'surface condenser, if that 
type of condenser is in use. If the condenser 
leaks, the defects causing such leakage shoujd 
be remedied before test. ' The amount of con
densation from jackets, receivers, and reheaters, 
as ''Well as the steam used by the'auxiliaries 
concerned, if not included in ' the'condensate 
from the condenser, should be added thereto.
If a surface condenser is not available, the steam 
supplied to the engine should be determined by 
feedwater tests, which require the measurement 
of the water fed to the boiler. The water from 
separators and drips on the main. steam line, 
the steam used for other equipment not a part 
of the engine under test, and the water and 
steam which escape b  ̂ leakage from the boiler 
and piping, must also be measured, and these 
quantities deducted from the total quantity of 
feedwater.

F*52. Measurement of Water Pumped. The 
quantity of water pumped should be determined 
by computing the actual plunger displacement 
io U. S. gallons or cubic feet. It is advisable, 
"here apparatus is available, to check the-total 
pumpagc by the use of venturi tubes, pitot- tube, 
weir, calibrated orifice, etc. or by means cf the 
u*e of a reservoir, proper precaution-, being 
taken to insure reliable results m accord ace 
with the directions of this code. I;: direct-r.ct- 
“ g pumps, the actual stroke of each plunge? 
toast be determined by the use of graduated 
stroke scales.

F-53. Operating Conditions. The operating 
conditions should conform-to the object of the 
test and these should prevail throughout the 
htol. if an a;r pump ¡s used- to remove 
air which enters the suction pipe in the supply 
s>stem of the pumping engine, such a pump is 
&ot to be considered a part of the engine equip- 

so far as it concerns the test.

F-54. Starting and Stopping. The engine r.nd 
appurtenances should be first thoroughly heated 
and run under the prescribed conditions until 
uniformity is secured. When surface-condenser 
measurement is used, the duration of the tes 
should be not less than eight (8) hours.. Where 
the steam consumption is determined by meas
uring the feedwater to the boiler, the duration of 
the test should be not less than ten ( 10) hours.

F-55. When a surface condenser is used, the 
test should start by commencing to .veigh or 
measure the condensate and any other quantities 
of steam consumption involved, at the same time 
beginning the observations and other necessary 
test work. At the end oi the allotted time the 
test is stopped by discontinuing the measure
ments and observations. When feedwater meas
urements are employed, the test should be started 
by carefully observing the steam pressure and 
water level in the boiler, rate of steaming and 
the level in the feed tank if measuring tanks r .e 
used, at the same time beginning the water meas
urements and taking up the routine work of the 
test. .Toward the end of the prescribed time, 
when the water levels, steam pressure, and 
conditions of fire and draft are as near as practic
able to the same points as at the start, the ob
servations should be discontinued. If there are 
differences in the water levels, corrections must 
be. applied to the water measurements.

F-56. Records. Instruments should be read at 
intervals not greater than fifteen minutes, and if 
complete test data are required, indicator cards 
should be taken from each end of each cylinder 
once each hour when the conditions are uniform, 
and oftener when there is much variation. The 
log shoufd contain the record of the readings 
of all gauges, thermometers, calorimeters, speed 
indicator, and all other instruments. If desirable, 
-representative steam-pipe*diagrams may be taken 
with an indicator applied near the. throttle valve 
and operated by connection to the reducing 
motion of the cylinder indicators.

[25]



24 H ydrau lic  I n s t i tu te  Code

S T A N D A R D S  O F  H Y D R A U L I C  I N S T I T U T E
TEST CODB

F-57. A  typical set of indicator cards should 
be selected from the whole number taken, and 
these should be embodied in the record. The * 
specimen cards selected should be such as to 
show the average conditions of pressure and cut
off. If steam-pipe diagrams are obtained, speci
mens of these should also be placed in the-record.

F-5S. Throttle Pressure. The throttle pres
sure, or the average pressure in the steam pipe 
just before the throttle, is that shown by a cali
brated steam gage attached to the steam pipe 
l ' / i  to 2 diameters from the throttle.

F-59. Calculation of Results. Steam Rate. 
State in the report of the test the actual steam 
rate as measured. State also in the report of the 
test the total amount of "estimated steam” sup
plied, as corrected for pressure, quality, -or 
vacuum, in accordance with the correction factor 
based as far as possible on data obtained from 
the engine under test.

F-60. Heat Supplied. The heat supplied to a 
pumping engine and the auxiliaries concerned as 
part of the engine under test is the total heat 
content-of the steam entering the engine and 
such auxiliaries, less the total heat returnable 
from engine and these auxiliaries to boiler.

The heat returnable is the sum of the total 
heat returned from the various sources as follows :•

(a) The heat returnable in the condensate 
from the air pump, i.e., the product of the 
heat of the liquid per pound, about 32® 
F, corresponding to its temperature; and 
the total weight of such condensate.

(b) The heat returnable in any feedwatcr 
heater using exhaust steam or steam from 
the working charge in the engine.

(c) The heat returnable in  high-temperature 
jacket and other drain water.

F -6 1 .  Efficiency, Thermal (Symbol et). Ther
mal efficiency is defined as the heat equivalent of 
the work done divided by the heat supplied.

Thermal efficiency of a steam engine or tur* 
bine on any steam cycle without reheat or &  

traction is expressed as follows:
For steam engines:

Indicated . thermal efficiency,

' ‘ 2545 '
Ci"  W, (h -h ,)  .

For steam engines and turbines:
Brake thermal efficiency,

2545 
eb“ w„ (h -h ,)

For engine generators and turbo-generators: 
Combined thermal efficiency, *

3413
Ck“ wk (h— hj)

Wherewj— Steam rate referred to Indicated 
horsepower 

Wb«* Steam rate referred to brake horse
power

Wk*« Steam rate referred to net kilowatts 
h—  Heat content, Btu per lb at thi 

throttle
hj— Heat returnable to boiler, Btu p«f 

• lb
The thermal efficiencies of the internal com* 

bust ion engine are expressed as follows:
2545

Indicated thermal efficiency, e-,—  - q ~

^  ~ 2545
"Brake thermal efficiency, Cb -*

3413
Combined thermal efficiency, ck

Where Qi — Btu per nqt i. hp-hr 
Qb—*Btu per b. hp-hr 
Qk— Btu per net kw-hr 

The thermal ’efficiency for complete plants will 
be expressed in the same way, using ihp, bhp, 
net kw, water hp, air hp, etc., as the reference. 
For example: The overall thermal efficiency o 
a coal-fired electric plant is
_______________ 3413 -

Calorific value of coal *X lb coal per net kw-hr

[2 0
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It is to be noted that in present usage the terms 
“thermal efficiency',' and "cycle” arc not limited 
to'the thermodynamic sense only. They are 
therefore not to be interpreted in the strictly 
special manner usual in thermodynamics.

Their use in the general sense is established 
by custom arid is perfectly understandable.

The thermal efficiency of a steam engine, 
Steam turbine.or internal combustion engine is an 
Overall efficiency which, may be . separated into 
two factors: the cycle efficiency and. the engine* 
efficiency. ‘

Thermal efficiency — Cycle efficiency X  En- 
f’ae efficiency.

The engine pfficiency* may, therefore, be found 
by dividing the thermal efficiency by the cycle 
efficiency.

P42. Efficiency, Rankine Steam Cycle.. This 
»the heat cycle efficiency, of the Rankine steam 
cycle.

where h,— heat content of steam, at. initial 
condition

hi "-heat content of steam after adia
batic expansion 

h, — heat content of the liquid at ex
haust pressure

T*63. Efficiency, Engine (Symbol ee). Engine 
* tiency is the ratio of heat cQnverted to work
0 the actual engine to the *hcat available for 
conversion to-- work by the cycle employed, or
1 » equivalent to the actual work done by the 
t“gihc, divided by the work which couid be done 
M perfect engine on the same cycle. Engine
ciency ¡s usually determined from a* meas- 
c thermal efficiency and a calculated effi

cacy. For steam engines and turbines, all 
•̂ t cycles are composed of one or more Ran- 

cycles. Exact knowledge of the steam 
, e and a determination "of its cycle efficiency

is necessary to obtain engine efficiency from » 
measured thermal efficiency. A  single-expansion 
steam engine or turbine always operates on » 
simple Rankine cycle. Multiple-cylinder engines 
or turbines, in which heat is added or abstracted 
between cylinders, operate on a number of 
different. Rankine cycles, whose cycle efficiency 
must be determined for several actual heat quan
tities and pressure differences. The cycle effi
ciency of this composite cycle is different from 
the efficiency of a single Rankine cycle cover? 
ing the entire range.

The term "Engine’ Efficiency”  may thus be 
amplified if desired, by writing “ Engine Effi
ciency on the Rankine Cycle,” or "Engine Effi
ciency (Rankine).” It must be understood, how
ever, that this is a distinctly different thing from 
the Rankine Steam Cycle Efficiency as defined in 
Paragraph F-62. The term "Rankine Efficiency" 
has been used for both of these things and it 
must be noted that its use is here abandoned 
for this reason. The term “ Engine - Efficiency” 
may also be amplified by writing "Engine Effi
ciency of a Turbine-Generator” or “Engine Effi
ciency of Turbine only.” ’ It is not desirable to 
use such terms as "Turbine-Generator Effi
ciency”  or "Turbine Efficiency.”  This term 
may be further amplified when necessary by pre
fixing the word "Indicated” or "Brake."

F-64. Head. Rcf?r to Par. F-28v

F-65. Discharge Head. Refer to Par. F-2S.

F-66. Suction Lift.. Refer to Par. F-5%

F-67. Suction-Head. Refer-to Par.’ F-5.

F-68. • Leakage of Pump. The percentage of 
leakage in a reciprocating pump ■ is found by 
dividing the quantity of leakage during the test, 
as computed from the rate of leakage determined 
on the leakage trial, by the plunger displace
ment during the test, and multiplying the quo
tient by 100.

F-69. Capacity. The capacity by displace
ment, in cubic feet per 24 hours, ‘ is found ..by

I?* ]
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multiplying the net or effective area in square 
feet of all the plungers by the length' of the 
stroke in feet, the number of. discharge strokes 
per.minute, and the constant 1440. The equiv
alent capacity in; U. S. gallons per 24 hours is 
found by multiplying the capacity in cubic feet, 
as .determined above by the. constant 7.48.

' F-70<- Water Horsepower. Refer to Pari F-35.-

F-71. 'Engine Indicated Horsepower. The 
average : engine indicated horsepower" for the 
entire test is found by dividing the average water 
horsepower as computed 4n Par. F-70 by the 
average combined hydraulic and mechanical effi
ciency of the entire unit as computed in Par. 
F-74.

1 F-72. Duty per 1000 Lb of Steam. The duty 
in foot-pounds of work done per 1000 pounds of 
steam is found by multiplying the number of 
pourtds of water pumped during the test by the 

* average total dynamic head in feet, dividing the 
product by .the number of pounds .of steam sup
plied during the test, and multiplying the quo
tient by 1000.

F-73. Duty per 1,000,000 Btu The duty in 
fodt-pounds of.work done per 1,000,000 Btu is 
found by multiplying the number of pounds of 
water pumped during the test by the average 
total dynamic head in feet, dividing the product 
by the number of Btu supplied, and multiply
ing the quotient by 1,000,000. ‘

F-7.4. Friction and Mechanical Efficiencies. 
The average combined hydraulic and mechanical 
efficiency of the entire unit is 100 times the 
average of the ratios of instantaneous water 
horsepower to engine indicated horsepower 
shown by all normal indicator cards taken dur
ing the test.

F-75. Data and Results. The data and re
sults of the test should be reported in accordance 
with the form given herewith. Unless other
wise indicated, the items should be the averages 
of all observations.

D ATA AND RESULTS OF RECIPlfoCAT. 
ING STEAM -DRIVEN DISPLACEMENT 

PUMP TEST 

(ASME, Test Codes of 1926.)

General Information 
.(l)..Date of te st. r .........................
(2) Location ......................  .....................
(3) Owner . . . . . . . . . . . . . ....... .

.(4) Builder  ............................ .
(5) Test conducted by.................. .........
(6) Object of test . . . .  ...............
(7) Duration of te s t................................

Description and General Dimensions (

(8) Type of unit ....................
*(9) Number of steam cylinders...............

' hp “
(10) Diameter of steam cylinders ip....--11

(11) Diameter of steam piston rods.......... ,a-
(12) Stroke of steam pistons . . . . . . r........in-
(13) Plungers, number ...............................
(14) Single or double acting  ...........
(15) Inside or outside packed....................
(16) Diameter of plungers  .................... l3,
(17) Stroke of plungers ........................... '8’
(18) Diameter of plunger rods (if any)
(19) Net area of each plunger...............
(20) Type of condenser .............................

.(21) Location of condenser.................... .....
(22) Cooling surface in condenser........... S(5̂
(23). Type and size of condenser pumps......
(24) Type and size of any exhaust or receiver, 

feedwater heaters, steam reheaters «4 
jacket pumps or other auxiliaries a part 
of the u n it...........................................

Test Data and Results
Pressures

(25). Steam pressure at throttle..........lb/sqiu*
(26) First receiver pressure..............lb/sq«-

'(27) Second receiver pressure lb/sq m--

[20



H yd ra u lic  I n s t i tu te  Code 27

S T A N D A R  D S O F  H Y D R A U L I C  I N S T I T U T E
TEST CODE

(28) Hp jacket  Ib/sq in.
(29) Ip jacket . ' .  lb /sq in.
(30) Lp jacket  lb/sq in.
(31) Barometer.. . . .  .inches of m ercury..........

  lb/sq in.
(32) Corresponding absolute pressure..............

............................. .   lb /sq in.
(33) Vacuum in exhaust pipe near Ip cylinder 

 inches of m e rcu ry .. lb /sq in.
(34) Corresponding absolute pressure near Ip 

cyl   .lb /sq  in.
(35)'Vacuum in condenser inches of

mercury  lb/sq in.
(36) Corresponding absolute pressure in con

denser ...........^ lb/sq iu.

Temperatures
(37) Steam at throttle valve  -----. . . . . . .  F
(3S) Exhaust steam  0 F
(39) Water pumped  .°  F
(40) Condensate leaving surface condenser... 

............................................................  0 F
(41) Condensate or feedwater entering feed

water heaters  ............ ..........................° F
(42) Condensate or feedwater leaving feed- 

water heaters ................ ........................0 F
(43) Temperature rise in feedwater heaters..

° f

(44) Condensate from jackets ............    F
(45) Condensate leaving 1st receiver..............

.......................................................... :   °  F
(46) Condensate leaving 2nd receiver..............

..............................  ° F
(47) Condensate from other drains 0 F
(48) Engine-room a i r ...................... ............. 0 F
(49) External a i r ................................... '.........0 F

TtUl Head

(50) Discharge by g a u g e .................... lb /sq in.
(•I) Equivalent discharge h ea d .. .ft of water
(52) Vacuum of pressure shown by gauge on 

suction main .............................ft of water
(53) Discharge head referred to datum line.. 

...............................    ft of water
(54) Suction head o r suction vacuum referred

to datum l i n e ............................. ft of water

(55) Total dynamic head pumped against.... 
................................................... ft of water

(56) Actual suction lift (if any) measured to 
highest point of discharge valve deck... 
.............................................. ft of water

Q uality  o f  Steam  near T h ro ttle
(57) Dryness factor of steam  '..percent
(58) Superheat in steam (if any)................° F

T o ta l Steam  Q uantities
(59) Total steam as measured supplied to en

gine and the auxiliaries concerned in its 
operation as specified .........  lb

(60) Correction factor conforming to condi
tions agreed upon ; ...................... percent

(61) Total "estimated steam" supplied con-, 
forming to conditions agreed up on....lb

T o ta l P um p Q uantities
(62) Total quantity of water pumped by 

plunger displacement. .U.S. gal or cu ft
(63) Equivalent total weight of water pumped 

 ............................  lb
(64) Total quantity of water pumped as shown 

by other means of measurement . . . . . .
......................................... U.S. gal or cu ft

H o u rly  Steam  Q uantities
(65) Steam, as measured, supplied per hour lb
(66) “ Estimated steam" supplied per hour lb

H o u r ly  P u m p  Q uantities
(67) Quantity of water pumped per hour by

plunger displacement................................
......................................... U.S. gal or cu ft

(68) Equivalent weight of water pumped per 
hour  ................................................. lb

(69) Quantity of water pumped per hour as. 
shown by other means of measurement 
......................................... U.S. gal or cu ft

(70) Slip in percentage of plunger displace-. 
ment ..............................................per cent

H e a t Supplied
(Based on steam supplied, as measured, Item 

59)
(71) Total heat per pound of steam at throttle

............... - .........       Btu

[27]



28 H yd ra u lic  I n s t i tu te  Code

S T A N D A R D S  O F  H Y D R A U L I C  I N S T I T U T E
TEST CODE

(72) Total heat in. steam supplied.. . . . . . .Btu
(73) Total heat returnable from engine to 

boijer  r................ Btu
(74) Net heat supplied . v . .  Btu
(75) Net total heat supplied per hour. ...B tu  

H e a t Supplied

(Based on total "estimated steam", Item 61) ♦
(76) Total heat per pouhd of steam at throttle 

 ......... ..........    Btu
(77) Total heat in steam supplied.............. Btu
(78) Total heat returnable from engine to 

boiler-................... ; ..........   Btu
(79) Net heat supplied ............. . . ‘.Btu
(80) Net total heat supplied per hour....B tu  

Speed
(51) Total.number of revolutions...................
(52) Total number of single strokes...........
(53) Actual length of stroke, if direct-acting.. 

. . . . . A . .  ...........    ft
(84) Revolutions per m inute..................... rpm
(85) Single strokes per mi n. . . .  .Str per min
(86) Piston and plbngcr speed per m inute.... 

.....................................................ft per min

Pow er
(87) Total work done during test.............. ft-lb
(SS) Water horsepower.................. .. ...w h p
(S9) Combined hydraulic and mechanical effi

ciency ............................ ..............per cent
(90) Indicated steam horsepower................ihp
(91) Mean effective pressure (referred to lp 

cylinder if multiple-e.xpansion engine)..
 .............................................  Ib/sq in.

(92) Indicated water horsepower iwhp

Econom y R esults

(Based on steam supplied as measured. Item 
65)

(93) Steam supplied per ihp-hr......................lb
(94) Heat supplied per ihp-hr......................Btu
(95) Heat supplied per water hp-hr Btu

Econom y R esults

(Based on "estimated steam,” 'Item 66)
(*i6) Steam supplied per ihp-hr.................. ..lb

t2S)

(97) Heat supplied per ihp-hr.    Bta
(98) Heat supplied'per.vfater^p-hr........Btu

E ffic iency R esults

(99) Thermal efficiency (referred to ihp) 
based on rsteam as measured [2545-r 
Item 94] . ...................... ;• per cent

(100) Thermal efficiency '/(referred to ihp) 
based on "estimated steam"l[2545 -r 
Item 97] ....................   percent

D u ty

(101) Duty per 1000 lb' of steam as meas
ured  ...............................ft'?*

(102) 'Duty per 1000 lb of “estimated steam 
  .............    ft-lb

(103) Duty per 1,000,000 Btu based on steam 
supplied, as measured ......... ^

(104) »Duty per 1,000,000 Btu based on "esti
mated steam” .................................ft*̂

'Note.— The correction factor used shall be 
stated in percentage, and the basis and method 
of determining it described.

Duty Trials and Tests of Reciprocating Displace
ment Pumps Driven by Prime Movers Other 

Than Reciprocating Steam Engines

F-76. The rules given above apply to all re
ciprocating water ends of pumps regardless of th* 
type of driving apparatus.

F-77. For rules governing the driving ®a' 
chine, sec code which applies to such machine (as 
an oil engine, gas engine, water wheel, etc.)

-F-78. In cases in which the pump's 
by an electric motor, the characteristics and t  • 
ciency of the motor, and the power input to t 
motot should be obtained according to Par-

F-79. The form of the tabulation of the lest 
results for other than steam-driven reciprocal? 
pumps will be dependent on the o b je c t  of the 
test and will, in general, be a-c^mbihation oi t«e 
parts of the summary which refer to the pa®? 
and the form recommended in the code apply5? 
to the driving machine:

t
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Allen Salt Velocity Method of Water Meas
urement  ......................................... . .....F-25

B

Bourdon Gauges, Use o f ‘ ...............................F-29

C

Calculation of Results— Centrifugal & Ro- 
‘ary pumps ................................................. F-35

Capacity-Centrifugal and Rotary pumps. .F-lI
Reciprocating pumps .................   F-69

Current Meters ..............................................F-19

D

âta and Results Reciprocating pumps.. . .  F̂ 75

^ta and Results Centrifugal and Rotary 
pumps .......................  F-40

Differcntial. Gages. Use o f ........................... F-31

P«y, B tu ......................................  F-73
Steam ............................................................................................................ ......

E

Efficiency, Centrifugal and Rotary pumps..F-37
Engine, Reciprocating pumps ..................F-63
hydraulic and Mechanical, Reciprocating 

Pumps .........................................................

RJnkine Steam Cycle, Reciprocating pumps..
M J   f   F-62

ermal, Reciprocating pumps . . . . . . . . .  F-61

•̂ngine Indicated Horsepower ......................F-71

G

Gages. Bourdon, Use o f .................................F-29
Differential, Use o f .....................................F-31
Water and U-Tubes, Use of .......  F-32

Gibson Method of Water Measurement..... .F-25 

H

Head. Measurement o f ...................................F-28

Horsepower, Engine Indicated ....................F-71
Water ........................................................... F-35

I

Input ................................................................ F-33

Inspection, Centrifugal and Rotary pumps.. F-4

Instruments and Apparatus— Reciprocating 
pumps ..................................................... /..F-49

Leakage Test, Reciprocating pumps..F-50, F-68 

M

Measurement, Head ..................................... F-28
Power Input ...............................................F-33
Speed ............................................ .'...............F-34
Water Pumped F-l I to F-27. F-52

Mercury U-Tube, Use of .............................. F-30

N

Nozzle ............................................................F-l 7
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(Continued)

o

Operating Conditions— Centrifugal and Ro
tary pumps ................................................. F-5

Reciprocating pum ps...................................F-53

Orifice M eters..................................................F-27

P

Pitot Tube .............................. F-184

Power Input, Measurement o f ......................F-33

Preliminary Tests  ......................................  F-7

R

Rankine Steam Cycle Efficiency ..................F-62

Reciprocating pumps, Extracts from Test 
Code f o r  F-48 to F-79

Records—-Centrifugal and Rotary pumps... F-8

Records— Reciprocating pum ps........... F-56-7

Results, Plotting of, Centrifugal or Rotary
pumps ........................................................... F-39
Calculation for Reciprocating pumps . .  F-59 to

F -63

S

Speed, Measurement o f ...................................F-34

Standard Unit for Volume ............................F-10

Starting and Stopping— Reciprocating pump
F-54-5

Steam Rate, Reciprocating pumps . ,.F-S1

Thermal Efficiency, Reciprocating pump

U

Unit, Standard for Volume  ......................

V

Venturi Meter .............................................^

Volume, Standard Unit for ......................

W

Water Gages and U-Tubes, Use o f ............. ^

Water Horsepower ..................................... F*3î
Pumped, Measurement o f  F-11 to F-2/

Weir ..............................................................F' 13
Conditions of Installation and U se F-H

F-15Head Measurement on ...........................
r- , F-16Formula ....................................................


