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CHAPTER 43

Alr
Ques. What is air?

Ans. A gas consisting of a mechanical mixture of 23.2% (by-
weight) of oxygen, 75.5% nitrogen and 1.3% argon.

Carbonic acid (carbon dioxide) is present to the extent of about .03 or
.04%. Obscure constituents are .01% Kryplon with small amounts of
several other gases.

Ques. What are the percentages by volume?
ins. Oxygen 21%, nitrogen 78.06% and argon .94%.

Ques. What is “free air”?

Ans. Air at atmospheric pressure.

Ques. What mistake is often made with respect to the defini-
tion of free air?

dns. The interpretation of atmospheric pressure.

Because of the altitude, barometer and temperature vary at different
localities and at different times, it follows that the term free air does not
mean air under identical conditions.

Considerable confusion has existed regarding the term free air and it
has often been interpreted to be air at sea level conditions, namely at an
absolute pressure of 14.7 Ibs. per sq. in. and at a temperature of 60° Fahr.
This is not the correct interpretation of the expression of free air.

Ques. What is the correct interpretation of the term “free



2 Air

Ans. Air at the atmospheric condition at the point where
the compressor is installed.
Ques. What is normal air? .

Ans. This has been variously defined but may be taken to
refer to air with 36% relative humidity at 68° Fahr.

This is the average condition of the atmosphere in a temperate climate.

INS. LBS.
sINS._ SEA LEVEL 4K
2855- A MILE -14452
27 09. /Z MILE 133
2578. MILE 42,66

MILE @
D11- MILE 108
19.92- MILES .98

M ) m
S5EA LEVEL & MILE ME 3* MILE 1MILE 12 MILES 2 MILC5

Fig. 1.— Readings of the barometer in ins. of mercury with equivalents in Is
per sq. inch for different elevations. It should be noted that although ordinarily
the atmospheric pressure at sea level is taken at 30 ins. corresponding to 30 X
49116 = 14.74 Ibs. per sg. in. or roughly 14.7 Ibs., there is a standard
atmosphere which as taken by Marks and Davis in their steam tables is
defined as 29.921 inches of mercury or 14.696 Ibs. per sq. in.

Ques. What is humidity?

Ans. The watery vapor always present in the atmosphere
being greater during warm weather.

Ques. What is absolute humidity?

Ans. The actual quantity of water in the air usually e
pressed as so many grains of moisture in a cubic foot of air.
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1
Agrain is 7000 Part of a pound. The amount of water the air is capable

of holding is determined by the temperature. The warmer the air the more
moisture it can contain. For instance, at 80° Fahr. it can hold nearly twice
as much moisture as at 60°.

Ques. What is relative humidity?

Arts. The degree of saturation of the air with water vapor as
determined by the use of the wet and dry bulb thermometers.

Relative humidity denotes the relation between the actual amount of
water in the air and the maximum amount it is possible for the air to 'hold at
the same temperature expressed in per cent.

Example.—Air which is saturated has a relative humidity of 100%,
while the air at the same temperature and holding but one half of the
saturation amount has a relative humidity of 50%.

Ques. Upon what does the feeling as to whether the air is
moist or dry depend?

Ans. Upon the relative and not the absolute humidity.

Ques. What is “humidity” generally understood to mean?

Ans. Relative humidity or percentage of saturation.

NOTE.—Dew point. By definition this is the temperature at which air becomes satu-
rated with water vapor.

Ques. How is the relative humidity measured?

Ans. By the wet and dry bulb thermometer. (A form of
hydrometer.)

It consists of two thermometers mounted side by side, the bulb of one
being kept moist by means of a loose cotton wick tied around it, the lower
end of which dips into a vessel of water,

Ques. How does it work?

Ans. On account of evaporation from the bulb, the wet bulb
is cooled and indicates a lower temperature than the other



RELATIVE HUMIDITY TABLES

INCHES.

BAROMETER 2

FAHRENHEIT DEGREES.
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Ques. How is the relative humidity obtained from the read-
ings?
Ans. By referring them to tables.

Ques. How can accurate readings be obtained?

Ans. Only when the air is caused to pass very rapidly over
the moistened wick.

Ques. How is this condition obtained?

Ans. By mounting the thermometer on a handle or chain for
whirling. This assembly being known as a sling psychrometer.

To observe the wet and dry bulb temperatures of the air,
the wet bulb is thoroughly saturated with clean water, prefer-
ably distilled. The instrument is then whirled at a rate of
100 or more r.p.m.

The whirling should be continued fora half or three-quarters ofa minute,
then stopped and read quickly, the wet bulb first. Record the wet and dry
bulb readings and make, immediately, one or more subsequent observations
to check.

The following'precautions should be observed:
1. The wet bulb covering should be of clean, closely fitting fabric free
fromsizing or other foreign matter.
2. Do not touch wet bulb covering with oily fingers.
" 3. Use clean water, preferably distilled.
4. If air be in motion, face the breeze while making the observation.
5. Step from side to side, while whirling, to' prevent body influence.

6. If observations be made out of doors, it is well to seek shade from
direct sunlight.

7. Be sure the wet bulb has been cooled to the minimum.

8. The stationary wet and dry bulb hygrometer is frequently subject to
an error greater than 20% of the wet bulb depression, and is not a reliable
instrument.
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Ques. What may be said of the stationary instrument
mounted on the wall?

dins. It’s no good unless in a strong air current.

Ques. What is the effect of moisture in air upon an air
compressor?

/Ins. It decreases its efficiency.

Ques. Why?

Ans. The presence of water vapor in air being compressed
materially increases the total heating capacity of the air be-
cause of the latent heat of the water vapor. The increased tem-
perature increases the pressure and power required for com-
pression.

Weight of Air—According to the Smithsonian Institution
physical tables, the weight of pure air at 32° Fahr. and a baro-
metric pressure of 14.696 Ibs. per sq. in., is .08071 Ib. per cubic
foot. The weight and volume of air change for variations in
temperature and pressure.

Atmospheric Pressure.—BY definition, atmospheric pressure
is: Theforce exerted by the weight of the atmosphere on every point
with which it is in contact.

Ques. How is the pressure of the atmosphere measured?

Ans. In inches of mercury barometer reading or the corre-
sponding pressure in pounds per square inch.

Ques. What is the standard atmosphere?
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Ans. 29.921 ins. of mercury which is equal to 14.696 Ibs.
per sg. in.
That is 1in. of mercury = 14.696 - 29.921 — .49116 Ib. per sq. in.
Ques. Why do we not feel the pressure of the atmosphere?

Ans. Because air presses the body both externally and inter-
nally so that the pressures in different directions balance.

Volume and Weight of Air
(at atmospheric pressure for different temperatures)

Tempera- Vfg&‘;gf Weight Temper- Vflggﬁg' Weight
ture, of Airin Per Cubic ature, of Airin  Per Cubic
Degrees Cubic Foot, Degrees Cubic Foot,
Fahr. Feet Pounds Fahr. Feet Pounds
0 11-57 0.0S64 325 19.76 0.0506
12 ri.88 0.0842 350 ' 20.41 0.0490
22 12.14 0.0824 375 20.96 0.0477
32 12.39 0.0807 400 21.69 0.0461
42 12.64 0.0791 450 . 22.94 0.0436
52 12:89 0.0776 500 24.21 0.0413
62 13*14 0.0761 600 26.60 0.0376
72 13-39 0.0747 700 29-59 0.0338
82 . 13.64 0.0733 800 31-75 = 0.0315
92 13.89 0.0720 900 34-25 0.0292
102 14.14 0.0707 1000 37.31 0.0268
112 14.41 0.0694 1100 39-37 0.0254
122 14.66 0.0682 1200 41.84 0.0239
132 14.90 0.0671 1300 44-44 w 0.0225
142 15.17 . 0.06S9 1400 46.95 0.0213
152 15.41 0.0649 1500 w951 0.0202
162 15.67 0.063S 1600 52.08 0.0192
172 15.92 0.0628 1700 54-54 0.0183
182 16.18 0.0618 1800 57.14 0.0175
192 16.42 0.0609 2000 62.11 0.0161
202 16.67 0.0600 2200 67.11 0.0149
212 16.92 0.0591 - 2400 72.46 0.0138
230 17-39 0.0575 2600 76.92 0.0130
250 17.89 0.0559 2800 82.64 0.0121
275 18.32 0.0540 3000 87.72 0.01x4

300 19.16 0.0522 ...



Air

Ques. Does the pressure of the atmosphere remain constant

in any one place:

ABSOLUTE
PRESSURE
LBS. PER SQ.IN.

- 15.226

- 14.696

AN
\

U-l
ce
tu

£

</>
[¢]

Ans. No. It continually var-
ies, depending upon the condi-
tions of the weather.

Ques. Is the pressure of the
atmosphere the same in diff-
erent places?

Ans. It varies with the ele-
vation.

Ques. How?

Ans. It decreases approxim-
ately |one half pound for every
1000 feet ascent.

The following table of atmos-
pheric pressure at various altitudes,
according to the National Advisory
Committee for Aeronautics, is here
given.

Fig, 2.— Mercurial barom-
eter illustrating the rela-
tion between “inches of
mercury” and absolute
pressure in Ibs. per sq. in.
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Atmospheric Pressure and Barometer Readings.

Altitude above
Sea Level

Feet

0

500
1000
1500
2000
2500
3000
3500
4000
4500
5000
5500
6000
6500
7000
7500
8000
8500
9000
9500
10000
10500
11000
11500
12000
12500
13000
13500
14000
14500
15000

(For various altitudes)

Atmospheric
Pressure Lbs.
Per Square Inch

14.69
14.42
14.16
13.91
13.66
13.41
13.16
12.92
12.68
12.45
12.22
11.99
11.77
11.55
11.33
11 12
10.91
10.70
10.50
10.30
10.10
9.90
9.71
9.52
9.34
9.15
8.97
8.80
8.62
8.45
8.28

Barometer
Reading
Inches of Mercury

29.92
29.38
28.86
28.33
27.82
27.31
26.81
26.32
25.84
25.36
24.89
24.43
23.98
23.53
23.09
22.65
22.22
21.80
21.38
20.98
20.58
20.18
19.75
19.40
19.03
18.65
18.29
17.93
17.57
17.22
16.88

Source—National Advisory Committee for Aeronautics—report

No. 246.
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Fig. 2 shows the relation between barometer readings and absolute
pressure.

Gauge and Absolute Pressure.—When the hand of a steam
or air gauge is at zero, the pressure actually existing is 14.696
Ibs. per sq. in. (referred to a 29.921 inch barometer, or that of
the atmosphere).

Ques. Why then does the hand of the gauge register zero?

Alis. Because in the steam boiler as well as any other vessel
under pressure, the important measurement is the difference
of pressure between the inside and outside.

Ques. What is this difference of pressure or effective pres-
sure for doing work called and why?

Ans. Gauge pressure because it is measured by the gauge
on the boiler or other pressure vessel, as in fig. 3.

Ques. What is absolute pressure?

Ans. Pressure measured from the true zero or point of no
pressure.

It is equal to the pressure indicated upon the gauge plus that of the
atmosphere which is ordinarily taken as 14.7 Ibs. Thus 68 Ibs. gauge
pressure is 68 + 14.7 = 82.7 Ibs. (per sg. in.) absolute.

Ques. How is absolute pressure expressed as gauge pressure.j
Ans. By subtracting 14.7.

Thus 82.7 Ibs. absolute —82.7 —14.7 = 68 Ibs. gauge.
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Pressures Below Atmospheric.—Absolute pressures below at-
jmospheric 14.7 Ibs. per sq. in. are expressed either in Ibs. per
|y in. (absolute) or the equivalent in inches of mercury.

Ques. What is the meaning of the term referred to a 30 inch
barometer?

ins. It means that the variable pressure of the atmosphere
isin value such that it will cause the mercury in the barometer
torise 30 ins.

ZERO

"9, 3.— Elementary diagrams illustrating the difference between gauge and
absolute pressure. A, vacuum gauge. B, absolute pressure gauge.

Ques. How is the pressure in Ibs. per sq. in. obtained from
'mabarometer reading?

ins. Rule: Barometer reading in ins. X .49116 = pressure
fersg. in.
Thus, a 30 inch barometer reading signifies a pressure of
49116 X 30 = 14.75 Ibs. per sq. in.

The following table gives the pressure of the atmosphere in Ibs. per sqg.
m-for various readings of the barometer.
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Barometer —Pressure

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

Rule.—Barometer in inches of mercury X .49116 = Ibs. per sg. in.

_ Barometer Pressure Barometer Pressure
(ins. of mercury)  per.sq. ins., Ibs.  (ins. of mercury)  per sqg. ins., Ib*
28.00 13.75 29.921 14.69
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 14.61 \

The above table is based on the standard atmosphere, which by defin-
ition =29.921 ins. of mercury =14.696 Ibs. per sq. in., that is 1 in- of
mercury = 14.000 4-29.921 = .49116 Ibs. per sq. in.

Example.—What is the absolute pressure in a closed vessel with 28
ins. vacuum. Referred to A, a 30 inch barometer; B, a 31 inch barometer.

A. 30 inch barometer = .49116 X 30 = 14.735
28 inch vacuum = 49116 X 28 = 13753
Absolute pressure in vessel referred to 30 inch barometer =.98lb.

That is when the barometer reads 30 inches and there is a 28 inth
vacuum in the closed vessel the difference in pressure between that of the
atmosphere and that in the tank is .98 Ibs. Another way of calculating it is
as follows:

30in. —28in. = 2in.
Now since 1 inch of mercury = .49116 Ib. pressure per square inch

2 X 49116 = .98 Ib.

31 inch barometer = 49116 X 31 = 15.226
28 inch vacuum = From A = 13752

Absolute pressure in vessel referred to 31 inch barometer =1-4741
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Using the shorter method of calculation—
Pressure in vessel referred to 31 inch barometer

= 3 X 49116 = 1.474 lbs.
B.

Difference between barometer and vacuum
=31- 28 =3ins.
Equivalent pressure in vessel
= 3 X .49116 = 1.474 Ibs.

Fig. 4 shows graphically the conditions of example A.
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CHAPTER 44

The Compression of Air

Second only to electricity in the extent and diversity of
application, compressed air is one of the most important factors
inevery phase in the art of manufacture.

Scarcely an industry exists that does not utilize compressed
air in some manner. Accordingly, as an introduction to com-
pressors, the reader should learn something about the basic laws
governing the compression of air. All this will be found in this
chapter.

Compressed AIr Principles

In order to obtain an idea of the subject of air compression,
there are certain underlying principles and laws that should be
understood.

When the space occupied by a given volume of air is changed,
hoth its pressure and temperature are changed in accordance
with the following laws:

1. Boyle’s law

2. Charles’ law

3. Joules’ law

4. Gay Lussac’s law.
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Ques. What is compressed air?

Ans. Air forced into a smaller space than it originally
occupied.

Ques. What happens when air is compressed?

Ans. Both its pressure and temperature rise.
v

Figs. 1 and 2.— Appearance of equilateral hyperbola 1, as referred to Its rec-
tangular axes, fig. 1, and 2, as referred to its rectangular asymptotes, fig- %
one branch of the hyperbola in this position being used to represent the expan-
sive action of steam. Comparing the two figures it will be noted that fig. 2is
the same as fig. 1, rotated through 45 degrees, the general method of con-
structing the hyperbola in fig. 2, is shown in fig. 6, and other methods in the
accompanying diagrams.

Ques. WTiat is the object of compressing air?

Ans. The power available from compressed air is used in
many applications as a substitute for steam, electricity or other
force as in operating shop tools, rock drills, etc.

Ques. What happens when the space occupied by a given
volume of air is enlarged?
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i/is. Both its pressure and temperature are lowered.

Ques. What is the enlargement of volume of compressed air
called?

4ns. Expansion.

fig. 3.— The hyperbola. By definition, a curve generated by a point moving
so that the difference of its distances from two fixed points is always constant.

Ques. Name an important process whose operation depends
upon the cooling of a gas by expansion

Arts. Refrigeration.

BOYLE'S LAW

Boyle’s Law.— At constant temperature, the absolute pressure
°fagas varies inversely as its volume.
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Boyle’s law may be illustrated by the following experiment. In fig. 4 is
shown a cylinder having a piston sliding air tight in its length.

If air be compressed in front of the piston as it is forced from one end
toward the other, the pressure exerted by the air will increase in ratio as
the volume is diminished (assuming constant temperature).

This fact may be shown by inserting in the wall of the cylinder at differ-
ent points a number of tubes, each provided with an air tight piston upon
which bears a helical spring holding it, as at A, when the pressure on the
piston is the same on both sides.

Fig. 4.— Experiment illustrating Boyle's law. This law was discovered by Robert
Boyle. Now when the piston moves in the cylinder, the pressure will gradually
rise due to the compression of the air and the small pistons will move against
the tension of the springs to increasing distances. As the piston moves from
the end of the cylinder to the following points: initial position, M an”®
stroke the positions of the small pistons as shown in the figure will indicate
the following pressures: 14.7 Ibs., 29.4 Ibs., 58.8 Ibs., 117.6 Ibs. If o curve
be drawn so as to pass through the center of each of the small pistons, it will
show the pressure corresponding to every position of the large piston.
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The area of each small piston is assumed to be one square inch and the
springs of such tension that the pistons will move upward through one of
the spaces between the horizontal lines on the diagram with each 10 Ibs.
of added pressure in the large cylinder.

Ques. What happens when the piston moves in the cylinder?

4ns. The pressure will gradually rise due to the compression
of the air and the small pistons will rise against the tension of
the springs to increasing heights.

Ques. As the piston moves in the cylinder compressing the
air, what would be the pressure at various points according to
Boyle’s law—that is, assuming constant temperature.

4ns. As the piston moves from the end of the cylinder to
the following points:
initial position stroke % stroke % stroke
the positions of the small pistons (as shown in fig. 1) will indi-

cate the following pressures:
14.7 29.4 58.8 117.6 Ibs.
Ques. "What does this show?
4ns. It shows under the conditions of Boyle’s law that if
the volume be diminished by half, the pressure is doubled.
Ques. How can the pressure at all points be shown?

4ns. If a curve be described so as to pass through the center
ofeach of the small pistons, it will show the pressure correspond-
ing to every position of the large piston. See fig. 4.

Ques. What is this curve called and why?

4ns. The hyperbolic curve because it is an equilateral or
rectangular hyperbola, referred to its rectangular asymptotes.
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Ques. Give two definitions of a hyperbola.

Ans. 1. A curveformed by a plane cutting a cone at any angle
with its base greater than that of its side. 2. A curve generated by

Fig. 5.— Hyperbola or intersection with the surface of a plane parallel with
the axis. Construction of the hyperbolic curve for compression at constant tem-
perature, that is isothermal compression. Let plane MS, cut element AC, at
L, and base at F. Project F, down to plan cutting base at F' and F", which
are two points in the curve. With F, as center and radius FL, swing point L,
around and project down to axis of plan obtaining point L', in the curve.
Now any other point as R, may be obtained as follows: Swing R, around
with F, as center and project down to plan with line HG. Describe a circle
in plan with radius rr' (= radius of cone at elevation of point R) and where
this circle cuts the projection of R at R', project over to line HG, and obtain
point R", which is a point in the curve. Other points may be obtained in a
similar manner. The curve is traced through points F',R",L', and similar points
on the other side of the axis ending at F". Such curve is called a hyperbola.



Compression of Air 21

apoint moving so that the difference of its distances from two
fixed points (called the foci) is always constant.
See accompanying illustrations of the hyperbola.

The Hyperbolic Curve for Compression.— This is the curve
which gives values for compression according to Boyle's law —
that is, at constant temperature.

Fig. 6.— To describe an equilateral or rectangular hyperbola referred to its
tectangular asymptotes. General method: Draw the axis of volumes, or
horizontal asymptote X X', and the axis of pressures, or vertical asymptote
Y Y', cutting X X', at O, orhyperbolic center. Through 0,draw M S, at 45° to
X X'. Take any pointon M S, as B, and with radius O B, describe a circle, cutting
MS, in Band A, giving A B, the transverse axis. At B, erect a perpendicular
cutting Y Y', at D, giving O D, the directrix. With O D, as radius describe a
circle cutting M S, at Fand F'; these points are the foci of the hyperbola. On
M S, take any number of points 1, 2, 3, etc., and from F, and F' as centers,
with A1, A2, etc., as radii describe arcs, cutting the other arcs in points as
shown which are points on the curve.
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In fig. 7 draw the zero or vacuum line AB (any convenient scale) =
length of stroke or volume displaced by the piston and extend it to C
making BC of length = clearance, that is, if the clearance volume be say
8% of piston displacement, then length of BC = 8% of AB or .08 X AB.
Now with piston at position 1, and cylinder filled with air at atmospheric
pressure (14.7 Ibs. per sq. in.) let piston move from position.

1 to 2 to 3
reducing the volume of the air from
1 to Yz to

HYPERBOLIC CURVE

CLEARANCE.

ATMOSPHERIC LINE

0 [Q B vacuum line

. TEMPERATURE CONSTANT

LENGTH OF STROKE
CLEARANCE (VOLUME 8%)

Fig. 7.— The hyperbolic curve for compression constructed from the data: Initial
pressure = 14.7 Ibs. per sq. in.; compression ratio = 4. Clearance 8%.

According to Boyle’s law, the pressure and volume vary
inversely {at constant temperature).

Accordingly erect dotted perpendiculars at piston positions 2 and 3 and
lay off bb" =2 Aa and cc' —4Aa. Through the points a, V, ¢, thus found
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describe a curve which is the hypobolic curve for compression of air accord-
ing to Boyle’s law.

Ques. What kind of a hyperbola is this curve?
Ans. An equilateral hyperbola.

PRESSURE

OF

AXIS

Fig. 8.— The equilateral hyperbola referred to its rectilinear asymptotes.

Ques. What is an equilateral hyperbola?

Ans. A hyperbola whose asymptotes are perpendicular to
each other as in fig. 8.

Ques. What is an asymptote?



24 Compression of Air

Ans. A right line which an infinite branch of the hyperbolic
curve continually approaches, but never touches.

In other words a tangent to the curve at infinity.

Ques. What name is generally given to the hyperbolic curve
for compression and why?

"lSOTHERM AL CURVE

(constant temperature curve)

\m
PV = CONSTANT
—
\ PV =P'v'
\Val PRESSURE AT ANY POINT, OR
T P'=¢/
y
\ A
\"
z
” v ANy _
o QA roia

Fig. 9.— The equilateral hyperbola any point on which as x, gives PV = c°n
slant P being pressure and V volume. PV = P'V".

Ans. Itisusually called the isothermal curve (fig. 9" because
the compression takes place at constant temperature.

This would not be possible in practice unless the heat due to the work
done on the air in compressing it were removed as fast as it was generated.
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Compression Constant.—According to Boyle’s law:

pressure X volume = constant.................. @

If air be compressed to one-third volume and the final pres-
sure of compression be say 100 Ibs. absolute, then by application
of the compression constant the pressure at any point of the
compression can be found. Thus in this case the constant is
found by substituting the values which apply in (1).

In the diagram fig. 10 divide the volume scale into 30 parts, then volume
10 (solid black) will be ]4 of the original volume. Now with the air com-
pressed to 100 Ibs. (absolute) and  volume as indicated in the diagram the
compression constant is, substituting in (1)

constant —100 X 10 = 1000

By application of this constant the pressure at any point of
the compression is obtained as in the section following.

PV=PV

This is property of the hyperbolic curve which defines graphi-
cally Boyle’s law in which the product of the pressure times volume
a any point is equal to the product of the pressure limes the
volume at any oilier point. Thus infig. 9,

PY = PV s (2)
in which

P = pressure at any point %
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V = volume at any point %

P' = pressure at any other point x'

V' = volume ”

c f
100 A -100X10=1,000 COMPRESSION CONSTANT
90
80 1,000 15 »fefaVs LBS.
y 0 1,0007 20 =50 LBS.
8 60 1,0007 25=9-0 LBS.
u 50 \\ L0007 30=33%LBS
1« .« 3 0
i2 ?j% | (')J 't§
a 1 0 %
187 |' (o)

10 15 20 25 30
VOLUME SCALE

Fig. 10.— Diagram illustrating the expension constant and its use. According
to Boyle's law, pressure X volume = constant. If, as indicated in the dia-
gram, steam be admitted to a cylinder during 10 inches of the stroke and ex-
panded to 30 inches, the expansion constant = 100 X 10 = 1,000, from

which the pressure at any other point = constant -5 volume, that is, when the
piston is at

15 ins.- 20 ins. 25 ins. 30 ins.
of the stroke, the expansion constant -v volume is
1,000 -7- 15 1,000 H- 20 1,000 -r-25 1,000 + 30
which is equal to
66% Ibs. 50 Ibs. 40 Ibs. 33% lbs.

Similarly volume = constant -f- pressure, that is, when the pressure due to the
expansion is

66% Ibs. 50 Ibs. 40 Ibs. 33% Ibs.
the expansion constant 4- pressure is
1,000 + 66% 1,000 + 50 1,000 + 40 1,000 + 33%

which is equal to
15 ins. 20 ins. 25 ins. 30 ins.
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Now to find the pressure at any point solve equation 2 for
P'; thus,

PV
XIS S 3)

but from equation (1) PV = constant hence equation 3 may
be written
P' = constant 4 volume........cccoveeenne. 4

Referring to fig. 10 and applying (4) when the piston is at
15 in. 20 in. 25 in. 30 in.

from the end of the compression stroke the compression con-
stant or constant 4 volume is

1000 - 15 1000 4 20 1000 4 25 1000 4 30

which is equal to
66Klbs. 50 Ibs. 40 Ibs. 33M lbs.

For a given pressure of compression to find the volume or
degree of compression solve equation 3 for V thus

pr ="
N V'
from which
_ PV _ constant n
“p P o~

Again referring to fig. 10 the volume = compression constant
mmpressure, or
1000 4 66M 1000 4 50 1000 4 40 1000 4 33~

which is equal to /
15 ins. 20 ins. 25 ins. 30 ins.



28 Compression of Air

Final Pressure of Compression.—If air be compressed from
the beginning of the compression stroke to the end of that
stroke, the pressure at the end of that stroke or final pressure
of compression as it is called, will depend on the initial pressure
absolute and the ratio of compression.

GAUGE PRESSURE 1

ID?Q v&volume
3 NITfolLBSI L

VOLUME

~  VOLUME.
Kfa VOLUME -*4
14.7 _
U----- UNIT VOLUVE--——-—- 48
z VOLUME

unit volume:

14.7 LBS (ATMOSPHERIC PRESSURE)

ZERO PRESSURE

Figs. 11 to 15.— Diagram and compression stroke progressively shown ilus-
trating Boyle's law- As the piston travels From position Jtto R/ A/ L/tne
pressures are 14.7, 29.4, 58.8, 117.6 Ibs. absolute, respectively, being in-
versely proportional to the volume. The points F, R, A, L, on the compression
curve correspond to the piston positions F, R, A, L as shown.
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Ques. Upon what does the ratio of compression depend?

ins. Upon the final volume of compression.

Ques. What is the ratio of compression?

Ans. The ratio of initial volume to final volume.

A B

figs. 16 fo 21.— Compression cycle illustrated by indicator diagrams and ele-
mentary compressor. A, beginning of intake stroke; B, intermediate position
of intake stroke; C, end of intake stroke, note atmospheric intake line LF, and
vacuum line M'S; D, intermediate position R, of compression stroke; E, point
of maximum compression, note compression curve FRH; F, end of cycle, note
horizontal discharge line HD, indicating discharge into receiver at constant
pressure.
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Example.—If the final volume be 10% what is the ratio ot compression?
ratio = initial volume  final volume
100 -r 10 = 10

Ques. What other name is given to the ratio of compression?
Arts. The number of compressions.

Thus in the preceding example the number of compressions is 10, that
is 10 compressions.

Ques. How is the final pressure of compression obtained
knowing the initial pressure and number of compressions?

Ans. Rule: Final pressure of compression = initial pressure
X compression ratio.

Example.—If air be compressed from an initial pressure of 33H
absolute to H volume what is the final pressure.

Here the compression ratio

Applying rule
final pressure = 33ks X 3 = 100 Ibs. abs.
. Compare this with fig. 10.’

Initial Pressure of Compression.—From the relation already
given between final, initial pressures and compression ratio, the
initial pressure for given conditions may be readily found thus

final pressure = initial pressure x ratio
from which

initial pressure = final pressure < ratio. ......... @
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Example.—If the final pressure of compression be 100 Ibs. absolute and
number of compressions or ratio be 3, what is the initial pressure?

Substituting in (6)
initial pressure = 100 *% 3 = 33Lj Ibs.

Summary: Boyle’s Law.—The following relations based on
Boyle’s law are here tabulated for convenient reference.

1 Pressure volume formula

PV = P'V' M @
B pIVI
P = s 2
v )
P'V'
V = ... (3
2. Compression constant
PV = CONStANt...cccviiiiiiiiieiees 4
3. Pressure at any point
p _ constant: "5)
4. Volume at any point
y _ constant n
P
5 Ratio of Compression
R = Vi -h Voo @)

NOTE.—In all the foregoing the values given as “lIbs.” are, of course, intended to be "lbs.
Psrsg. in."
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in which
R = ratio or number of compression

Vi = initial volume
Vf = final volume
R S Pi d P F oottt @®

6. Initial pressure of compression

Pi= R IPT o O
in which
Pi = initial pressure absolute
Pf = final
7. Final pressure of compression
Pf= R Pi
CHARLES7 LAW

Charles’ Law.—At constant pressure, the volume of a gas is
proportional to its absolute temperature; at constant volume,
the pressure is proportional to its absolute temperature..

The conditions expressed as a formula are:

1. At constant volume

P P W
T T s '
in which
P = initial pressure absolute
P' = final
T = initial temperature absolute
T' = final

*NOTE.—Charles law is also called Gay Lussac’s law, but is generally known as Charles law
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2. At constant pressure
v Vv
- 2
T-T @
inwhich
V = initial volume (usually in cu. ft.)
Vl - final (13 (13 (13 (13 (13

WORK

I IE} \ I OF COMPRESSION

hg. 22.— A familiar example of the hect of compression.

When Air is Compressed Heat is Generated. This is il-
lustrated by the familiar operation of pumping up a bicycle or
automobile tire as an fig. 22—and this is the big problem in
the design of compressors to get rid of the heat.

If this heat could be removed as fast as it is generated so as
tomaintain the air at constant temperature during compression,
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isothermal compression would be obtained corresponding with
Boyle’s law, as already explained and represented by the hyper-
bolic or isothermal curve, fig. 9. However, no such result is d»
tained in practice because it's impossible to remove all the hed
as fast as generated.

Fig. 23.— Elementary air compressor illustrating the phenomenon of compression
as stated in Boyle's and Charles' laws and explained in the accompanying
text.

BOYLES AND CHARLES LAWS

(Combined)

In the ordinary process of air compression two elements are
at work toward the production of a higher pressure.

1. The reduction of volume by the advancing piston.

2. The increasing temperature due to the increasing pressure
corresponding to the reduced volume.

The application of the two laws is illustrated in fig. 23 which
shows a cylinder fitted with an air-tight piston.
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If the cylinder be filled with air at atmospheric pressure (14.7 Ibs. per
5 in. absolute) represented by volume A, and the piston be moved to
reduce the volume to say A, as represented by B, then according to
Boyle’s law, the pressure will be trebled or = 14.7 X 3= 44.1 Ibs. absolute
or441 —14.7 = 29.4 gauge pressure.

In reality, here is where Charles’ law comes in, a pressure
jiace on the cylinder would at this time show a higher pressure

COoLO
HOT

lip. 24 to 27.— Diagrams and elementary compressors illustrating loss due to
neat of compression. If no means be provided to carry off this heat, compres-
sion will be adiabatic as indicated by the curve ft’ fig. 24. Assuming all the
neat to be carried off by the water jacket (fig. 27) compression will be isother-
mal as indicated by the curve tt" fig. 25. Here both curves are shown, the
shaded area representing loss. Hence in compressor construction provision is
made to carry off as much of the heat of compression as possible.

then 14.7 gauge pressure because of the increase in temperature
produced in compressing the air. This is called adiabatic com-
pression.

Ques. What is adiabatic compression?
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Ans. Compression without receiving or giving up heat.

Ques. What is an adiabatic curve?

Ans. A curve similar to the hyperbolic curve but having
longer ordinates, that is the curve lies higher than the isothermal
curve.

Fig. 24 shows an adiabatic curve and fig. 26 the comparison between
isothermal and adiabatic curve. Here tt' is the same adiabatic as .//" in fig
24. In fig. 26, beginning at the same initial point t, the isothermal curve is
also shown.

The subject of heat of air compression has probably received more con
sideration in air compressor design than any other. The principal lossesin
the earlier compressors were traceable to this source.

Loss Due to Heat of Compression.—Figs. 24 to 27 show why
the heat of compression results in a loss.
Ques. Why does the heat of compression result in a loss?

Ans. It is because of the extra work which must be expended
to overcome the excess pressure due to rise of temperature.

Thus in fig. 26 the shaded area 1'11" intercepted between the two curves
represents an amount of work which corresponds to the loss due to heat
of compression.

Ques. Why is this excess work lost?

Ans. Because after the compressed air leaves the cylinder it
cools and the pressure drops to what it would have been if com
pressed at constant temperature.

Ques. Is all this work lost in the operation, and why?
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Ans. No, because in compressors where working efficiency
| sconsidered, some means of cooling the cylinder is provided
such as projecting fins or jackets for the circulation of cooling
weter.

Ques. How much work is lost?

"9- 28.— Isothermal, adiabatic and actual compression curves showing position
of the loss due to tne heat of compression not saved and saved.

Ans. About half more or less depending upon the design of
the compressor.

This is shown in fig. 28. Here to bring out the conditions clearly the
curves are greatly exaggerated. Lying somewhere between the isothermal
and adiabatic curves is a curve as tI"' which corresponds to the actual
results obtained in practice. Of course this curve tI"" is different with each
compressor and will divide the total area i'll" into two areas j"11™ (sec-
tioned) and i"'Il" (solid block) in various proportions depending upon the
efficiency of the compressor.



38 Compression of Air

Ques. What should be noted about these areas?

/Ins. The solid black area t"'It’ represents part of the loss
saved due to cooling. The sectional area I"tt'"" represents that
part of the loss not saved.

53.3 -The basic principle of all theoretical &

well as practical considerations relating to the compression of
air is the relationship'that exists between pressure, volume and
temperature.

Combining Boyle’s and Charles’ laws gives the following
relations:

PV PI\(X )
T Ti

In equation (1) if T = Ti, then
PV = PjVx

which is the law of expansion of a perfect gas.
Again if V = Vi, then

(@)

which is the law of Charles.

The relationship between pressure, volume and temperature
of a perfect gas is given by the following equation:
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inwhich
P = absolute pressure in Ibs. per sq. ft.
V = volume in cu. ft. of one Ib. of air at the given pres-
sure and temperature
T = absolute temperature in degrees Fahr. = 459.6
R = constant

Ques. What is R?

dns. R is an experimentally determined constant which is
equal to the mechanical work done by the expansion of unit weight
°f a perfect gas at a constant pressure while heat is added to in-
crease its temperature one degree Fahr. = ft. Ibs. per degree Fahr.
for 1 Ib. of air or gas =53.3 later explained.

SPECIFIC HEAT

The Specific Heat of Air.—By definition, the specific heat
of a substance is: the amount of heat (B.t.u.) that is required to
laise the temperature of 1 pound of the substance 1° Fahr.

There are two kinds of specific heat of air:
1. Specific heat at constant pressure. Symbol CP.

2. Specific heat at constant volume. Symbol Cv.
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The specific heat at constant pressure is the total specific
heat and is made up of

1. The internal work of raising the temperature of the air.
2. The external work of pushing away the atmosphere to
make room for its expansion.

EXTERNAL WORK
53.3 ft. Ib. 0680 ILt.u.

External Work at Constant Pressure.—Fig. 30 shows a ver-
tical cylinder with a frictionless air-tight piston whose area =
1sq. ft. or 144 sq. in. When the cylinder contains 11b. of air at
armospheric pressure the height of the piston = 12.39 ft., that
is 12.39 cu. ft. of air at atmospheric pressure weigh 1 Ib.

If the air be heated the volume will increase, moving the
piston upward and external work is performed in pushing away
the surrounding atmosphere.

Air when heated 1° Fahr. will increase in volume 4916

its original volume.
Accordingly, movement of piston due to heating the air 1°
Fahr.

= 12.39 X—4rg"l—é = .0252 ft.

The total pressure of the atmosphere on the upper face of the
piston
Area piston X pressure of atmosphere load
144 X 14.7 = 2116.8 Ibs.
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Total pressure X distance moved

External work 2116.8 X 0.252 = 53.3 ft. Ibs.

or
53.3 h- 777.52 = .06855 B.t.u.

Commonly taken as .0686.
For emphasis:

53 .3 footpoundsor.0686a* .«

SPECIFIC
H E A T ATMOSPHERI;: PRESSURE

CVat constant volume

nn<l-itr Tr 1S
q:) AT constant pressure m‘ﬁ(l»l' : |I 'I Iiliii-
72 w375
1LB. OF AIR N -16895 | LB. OF AIR
= 1.4057

USUALLY TAKEN AS

141

.16895 -*2375
B.t.u. B.t. u.
TEMP. RISE 1° TEMP. RISE I°
VOLUME CONSTANT PRESSURE CONSTANT

Ai9*. 29 and 30.— Diagrams illustrating specific heat at constant volume Cv
Rnd specific heat at constant pressure Cp. This explains how they getn = 1.41
the exponent for adiabatic compression.
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The total specific heat or specific heat at constant pressure
which, as stated, includes both the internal and external heat,
has been found by Regnault to be

.2375 B.t.u.

or
2375 X 777.52 = 184.66 ft. Ibs.

| X | | RNAL increase INVOLUME = 775 X12.39 = .0252FT.

LOAD = 144 X 14.7 = 2116.8 L8S.~

W O | z K EXTERNAL WORK = 2116.8 x .0252

= 53.3 FT. LBS.

PISTON LOCKED -

| LB. OFAIR
PRESSURE INCREASES
TEMP. RISE 1°

* [.16895 B.tu.

,V JLl3l.36 FT. LBS.

VOLUME constant PRESSURE constant

Figs. 31 and 32.— The mechanical work done by the expansion of unit weight
of a perfect gas at constant pressure while heat is added to increase its tem-
perature one degree Fahr. Fig. 31, piston locked for constant volume; fig. 32,
piston free to move for constant pressure»
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C | =.16895

SpecificHeatat ConstantVolume.—If in raising the tem-
perature of 1 Ib. of air 1z Fahr. the volume be kept constant,
ro external work is done, accordingly the specific heat at con-
stant volume, or

{ Specific heatat ) (  external work
C v=\ constant pressure j A in B.l.u.
( 2375 — .06855 = .16895 B.l.u.
or

C, = .16895 X 777.52 = 131.36 ft. Ibs.

Summary

Value of units used

Mechanical Equivalent of heat = 777.52 ft. Ibs.

Absolute zero of temperature = 491.6° Fahr.

Specific heat at constant pressure = .2375 B.t.u. or 184.66 ft. Ibs.
oo “ volume = .16895 “ “ 13136 “ *“

0686 “ “ 533

External work for constant volume

—Analogous to the external work of the specific heat of air at constant volume is
“rexternal latent heal of vaporization in the formation of steam. The author does not agree
*Uthe generally accepted calculation for the external latent heat, or external work of vapori-
jatronand holds that it is wrong in principle as epxlained at length in Audel’s Engineers' and
m'kchanics' Guide No. 1. page 31. The author holds that the calculation should be based on a
stationary water level and not a receding water level as the water already existed at the begin-
“me° f vaporization which means that the atmosphere was already displaced to the extent

*be volume occupied by the water.
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1.41 -Adiabatic compression is quite different from

isothermal compression in that temperature boosts up the
pressure so that the adiabatic curve lies outside the isothermal
curve. That is, during compression the temperature rises un-
checked and reacts on the air to increase its pressure. In order,
therefore, to write an expression for adiabatic compression, itis
necessary that

Vi'
\Y

be increased by an amount equivalent to the amount of external
work done on the air by heat reaction during compression, a
indicated by an exponent n.

According to various authorities this exponent for adiabatic
compression of dry air is

n — Specific heat at constant pressure
Specific heat at constant volume

= Cp = 72375 = L4Q
Cv .16895

Commonly taken as 1.41

Thus PV141 denotes adiabatic compression and PV isothermal. Ay
intermediate compression between adiabatic and isothermal by PVn, the
value of n will vary considerably.

According to Peele in ordinary single cylinder dry compressors « b
roughly 1.3, whereas in the best single stage wet compressor (with spray
injector) N becomes 1.2 to 1.25. In large multi-stage units N may be as lov
as 1.15.
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“CARDS”
(So called)

The sloppy expression “cards™ was probably introduced be-
cause the indicator pencils a diagram on a “card” or small
rectangular piece of paper a little larger but similar to a visit-
ingcard, but not so stiff.

The enclosed figure drawn on the card, whether by hand or
by the indicator, is properly called a diagram.

It’s not the card but what’s drawn on the card that is of interest.

In place of a card a piece of tracing cloth could be attached to the indi-
cator drum and a diagram taken and yet most people would still call it a
card-fwhich indicates a lack of brain control. They say “take a card” when
they mean “take a diagram.”

These alleged cards or diagrams may be classed as:

1. Strictly theoretical
2. Partly theoretical
3. Predicted
4. Indicator

The first three are hand drawn, the fourth mechanically
drawn by the pencil attached to the indicator.

Of all these diagrams the fourth or indicator diagram is the
°nly one that tells what is going on within the cylinder, and it
doss so with remarkable precision, because the indicator is a
highly developed and very finely constructed instrument.*

_*NOTE.—The author must here assume, for lack of space, that the reader has a knowledge
«the construction and working of the indicator. Those who do not have this knowledge will

the indicator fully explained in Chapter 45 of Audels Engineers and Mechanics Guide,
“tame 3, Pages 1269 to 1314, by the author.
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The various diagrams will now be explained in the sections
following.

Strictly Theoretical Diagram.—This diagram represents per-
fect or ideal performance for any given degree of isothermal
compression. Such performance is not possible in practice be-
cause of the assumptions, viz.:

1. Admission at atmospheric pressure

2. Isothermal compression
(That is according to Boyle’s law)

3. Zero clearance

4. Instantaneous opening and closing of valves without
resistance..

The following example will illustrate how to construct a
strictly theoretical diagram for given conditions.
Example.—Construct a strictly theoretical diagram with conditions
given as follows:

Admission at atmospheric pressure; that is, initial pressure = 14.7 Ibs.
per sg. in. absolute. Five compressions.

Since compression is isothermal n = 1, that is PV (nl I) con-
stant and this corresponds to the hyperbolic curve.

For five compressions

Final pressure = initial pressure x number of compressions
14.7 X 5 m

73.5 Ibs. absolute

Select any convenient scale as 10, 20, 30 Ibs. per inch (depending upon
the size of the paper) and draw vacuum and atmospheric lines, fig. 33.

At the left end erect two J s close together to represent the pressure
scale. Take any convenient length on the vacuum line and divide it into say
10points'(0, 1, 2, 3, etc.). This will be a scale of volumes. At these points
© 1, 2, 3, etc.) erect _Ls.
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Complete pressure scale, taking an inch or any fraction of an inch to
equal 10 Ibs. Locate elevation for 73.5 Ibs. This will be height of point A

Through A, draw a horizontal line. Now since there are 5 compressions
piston positions at the end of the 5th compression will be at point

10 #5 =2

giving line 2D which is the line of reference in constructing the hyperbolic
curve.

Through O draw diagonals oa, ob, etc. to the intersection of the “top
line” with +s through 4, 6, etc.

Through points a'b'c’, etc., where the diagonals intersect the reference
line, draw horizontals to intersect the J_s 4a, 6b, etc., giving pointsa"b"
which are points on the hyperbolic compression curve.

Note that the diagonal od passes through the intersection of the reference
line and atmospheric line which indicates that the atmospheric line has
been correctly located.

Through points a"b"c," etc., describe the hyperbolic curve which gives
values for pressure at every point of compression. According to Boyle’s lawv
that is when

n=1
Thus the height of the curve above the vacuum line at points
8 6 4 2
corresponds to absolute pressure of
18.4 Ibs. 24.5 Ibs. 36.8 Ibs. 73,5 Ibs.

The cycle properly begins at A, the end of discharge or delivery of air.
When the piston reaches the end of the stroke the discharge valve instantly
closes, and since there is no clearance, there is no air, hence the pressure
instantly drops, represented by the terminal or drop line AB.

At the same instant the admission (inlet) valve opens and air is admitted
to the cylinder, following the receding piston at atmospheric pressure.

This admission continues for the entire (receding) stroke from Bto C
Compression now begins at C, the initial point and continues to D, the firdl
point or point of final compression, which in this case is 73.5 Ibs. per s »*
Now if the discharge at this pressure (opening just enough to maintain the
pressure constant) the discharge or delivery of air will be represented by the
horizontal discharge line DA.

When the piston reaches the end of the stroke, all the air has been dfe
charged and the cycle is completed.
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Partly Theoretical Diagram.—Where all the conditions of the
strictly theoretical diagram are not adhered to, then the dia-
gram is no longer fully theoretical or ideal. In such cases it
might be called partly theoretical. In the example to be given
the conditions which are different are: [

1. Admission at below atmospheric pressure.
2. Clearance.

Compare these with the four conditions for the strictly theo-
retical diagram.

In the first place no compressor can admit free air at atmos-
pheric pressure. It is impossible because of frictional resistance
offered to the free flow of air.

In the second place, no compressor can be built without
clearance. These are the two items which represent the chief
differences of the partly theoretical and strictly theoretical
diagrams.

Example.—Construct a partly theoretical diagram for: Admission at

12 Ibs. pressure per sq. in. absolute. Five compressions; 5% clearance.

For 5 compressions
Final pressure = 12 X 5 = 60 Ibs. abs.

Use same pressure scale as in Diagram 1 (fig. 33). Draw at left pressure
scale; next vacuum and atmospheric lines. Reproduce diagram 1 in dotted
lines' (phantom) for comparison.

Taking clearance at 5% and stroke 10 ins.
Initial volume = 10 + 5% = 10.5
Clearance =10 X .05 5

That is, the initial and clearance volumes are proportional to these
figures. They also represent linear dimensions, for instance, in inches linear
clearance .5 in.; initial position of piston 10.5 ins. from end of cylinder.

Lay off clearance line .5 in. from terminal line OA of diagram 1. This
gives the clearance.
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From O on vacuum line lay off 10-inch stroke. For 5 compressions the
piston displacement for each compression is

(10 + 5) 55 =21 1ins.

which is distance of piston from end of cylinder at end of stroke. That is,
in the diagram the reference line is drawn 2.1 ins. from clearance line.

Since final pressure is 60 Ibs. draw top line through the 60-Ib. division
on the scale.

Draw admission line for 12 Ibs.; also erect -Ls from the vacuum line, div-
iding the displacement + clearance into 5 equal parts.

Construct the hyperbolic curve by the diagonal method used for diagram
1 Locating center for diagonals at o' on clearance line instead of terminal
line OA as in diagram 1

When the piston reaches the end of the stroke the clearance space (Cl)
is filled with air at the discharge pressure and temperature.

As the piston recedes, the clearance air expands, doing work on the
piston. This expansion of the clearance air is represented in the diagram
by the expansion curve AB, using the terminal line OA as a reference line
for expansion.

Evidently (since it was specified that admission was at 12 Ibs.) no external
air can enter the cylinder until the clearance air has expanded to the point
B, or to 12 Ibs. absolute.

By comparing the diagram with diagram 1 here shown in phantom, the
effect of clearance and a lower admission line is readily seen.

Ques. What is the effect of clearance as indicated by the
diagram?

dns. It puts the compression curve lower than it would be
without clearance.

Ques. What are other effects of clearance?

Ans. It reduces the horse power and also the quantity of air
delivered from the cylinder in almost exactly the same ratio.
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Predicted Diagram.—By definition the predicted diagram is
a diagram drawn by a designer to apply to a given set of conditions,
using his judgment based on experience in locating the various
lines with variance from theoretical so that the diagram thus
drawn will represent actual performance as near as can be
predicted.

By analyzing actual diagrams of compressors similar in type
size and running conditions to the one to be designed, a pre-
dicted diagram may be drawn which will fairly well represent
the results to be obtained.

ADMISSION LINE

Consider now the various events of the cycle, that is

1. Admission
2. Compression
3. Delivery

4. Expansion

Admission.—Before free air can enter into the cylinder
through the admission valves, the air remaining in the clear-
ance space between piston and head, at the end of the stroke
must be expanded on the return stroke to a little less than
atmospheric pressure. In fact it is impossible to admit air a
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atmospheric pressure because of resistance offered to the in-
coming air.

Fig. 37 shows lowering of admission line due to resistance
events.

Ques. Why then do some indicator diagrams show admission
at practically atmospheric pressure?

ins. Because the pressure of the incoming air has been
boosted due to sudden rise in temperature, giving a false
pressure.

STATIC INERTIA DYNAMIC INERTIA

(EFFECT) (EFFECT)

ADMISSION LINE

ATMOSPHERIC LINE

STROKE

fig. 38.— Predicted diagram 2. Inertia effect on admission line.

Ques. What effect on admission results in reciprocating
COMPressors.

dins. Due to the sudden starting and stopping of the air, its
static and dynamic inertia tend to lower and boost respec-
tively, the admission pressure, as in fig. 38. A similar distortion
occurs on a steam engine expansion curve due to condensation
and re-evaporation, as shown in fig. 39. Note how the actual
expansion curve falls below and then rises above the hyperbolic
curve.
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Ques. How is the charge of air at atmospheric pressure de-
termined (neglecting temperature boost and slippage)?

.4ns. This is determined as in fig. 40 by measuring the length
AB and dividing it by the length DC, on the assumption that
the cylinder handles an amount of air at admission pressure
and temperature represented by the length of AB.

CUT OFF

HYPERBOLIC CURVE

NDENSATION

(drop)

REEVAPORATION

(BOOST)

Fig. 39.— Predicted diagram 3. Steam engine diagram analogy of "inertia
effect” on compressor curve. The steam expansion curve referred to the hyper-
bolic curve shows the distortions due to condensation and re-evaporation.

No air charge is admitted until the clearance air has expanded to the
admission line. At this point air is admitted to the end of the stroke below
atmospheric pressure.

Evidently the air must be compressed from the initial point of compres-
sion C to some point as B, where atmospheric pressure is reached:

Evidently since the expanded air DA, was already in the cylinder and
BC, was lost, the actual charge or amount of free (normal) air admitted is
represented by AB.
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Ques. What chiefly causes the actual air admitted to differ
fromthe amount indicated in fig. 40?

Ans. The temperature effect.

Referring to fig. 40 (according to “Compressed Air Data”) the tempera-
ture at neither B nor A is by any means the same as that of the intake air.
The value shown by the indicator diagram is from 4% to 12% greater than
the actual delivery measured by more accurate means, depending upon

ADMISSION

NORMAL AIR ADMITTED-

EQUI VALENT

mPISTON DISPLACEMENT =

hg. 40.— Predicted diagram 4. Determining the amount of free air admitted,
temperature changes and slippage.

how much heat is absorbed by the incoming air due to the style of air valve
gear and the extent of water jacketing.

The actual delivery of a single stage compressor pumping to 100 Ibs.
gauge from atmosphere will be from 65% to 80% of its piston displacement,
depending upon its clearance space and valve gear.

A compound machine compressing to 100 Ibs. gauge with an intercooler

pressure of about 27 Ibs. gauge will deliver from 80% to 90% of its piston
displacement, also depending upon both clearance and style of valves.
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Compression.—In practice, the actual compression curve vail
lie somewhere between the isothermal and adiabatic curves, the

exact location depending upon the efficiency of the water
jacket, temperature of the circulating water, etc.

According to Compressed Air Data, “In present-day reciprocating com
pressors, the air is compressed very nearly adiabatic. The water jacketing

COMPRESSION

VACUUM LINE ABSOLUTE ZERO— *

Pig. 41.— Predicted diagram 5. The active compression curve shown together
with isothermal and adiabatic giving an idea of its location.

brings the compression curve somewhat below the adiabatic, Tout the excess
pressure required to force the air through valves makes the work done w
compressing and discharging the air very close to that which would be cal-

culated on the assumption of adiabatic compression for the entire cylinder
of air.”
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Fig. 41 shows isothermal and adiabatic compression curves
with the actual curve (PVn=_C) lying in between.

Ques. What is the value of n on the ordinary single stage air
compressor?

Ans. As given by Church, 1.33 and by Union as 1.25.

Ques. Upon what does the exact value of n depend?

Ans. Upon the size, type and speed of the compressor, de-
sign of water jacket and temperature of the cooling water.

DISCHARGE

D PRESSURE WAVES

(inertia effect)

S WORK DONE IN OPENING
DISCHARGE VALVE

ATMOSPHERIC LINE

Fig. 42.— Predicted diagram 6. Delivery line.

Delivery.—The delivery line is not straight but wavy as in
fig. 42. This is due to the intermittent and pulsating discharge
of the compressor which causes pressure waves in the discharge
Pipe between compressor and receiver.
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This is analogous to the hunting of a synchronous motor or to inertia
effect, the variable discharge introducing static and dynamic inertia which
reacts upon the normal flow of the air.

‘According to C.A.D., “If the natural period of the discharge pipebein
resonance with the speed of the compressor, or nearly so, pressure waves of
considerable amplitude are induced in the discharge pipe and the discharge
receiver.”

Ques. What trouble is encountered on account of these
pressure waves?

Ans. It becomes impossible to measure accurately the aver-
age discharge pressure by any suitable means for dampening
the gauge.

Ques. How is the average discharge pressure obtained?

Ans. By drawing a horizontal line through the wavy delivery
line as MS, fig. 42, at an elevation that will strike an average
of the pulsating delivery pressure.

Ques. What causes the big shaded wave D?
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/Ins. The shaded area represents the work done in opening
the discharge valve.

Expansion.—This, as has been explained, is the expansion
of clearance air on the admission stroke.

Most writers refer to this as re-expansion, on the assumption that the
same clearance air after expansion again filled the clearance space at one
end of delivery. However, the probability of this happening seems extremely
remote, and accordingly expansion seems to be the correct word—not
re-expansion.

Fig. 43 shows a typical expansion curve. It will be noted that the curve
after reaching the atmospheric line, drops below forming a hook, the shaded
area of which represents the work done in opening the admission valve.

ofigure traced on a piece of paper (called a “‘card) by the pencil
ofan indicator. The construction and operation of the indicator
isnot explained here for lack of space.*

A typical indicator diagram of a one stage compressor is
shown in fig. 44. In order to analyze this diagram clearance line,
isothermal and adiabatic curves should be drawn to see “where
itison the map.”

The accompanying table by “Compressed Air Data” has been prepared

for use when it is desired to plot theoretical, adiabatic or isothermal com-
pression curves on an indicator diagram as in fig. 44.

The per cent clearance volume of the cylinder must be known
°r approximated.
Find clearance line in the usual way. Divide total card length from

beginning of compression to the clearance line into ten equal parts. Draw
vacuum or zero line and atmospheric line at 14.7 Ibs. level.

*NOTE.—For full treatment of the indicator see Audels Engineers & Mechanics Guide, Vol.
mPages 1269 to 1314, by the author.
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BEGINNING @ STROKE

Fig. 44.— Plotting theoretical curves on indicator diagrams Compressed A ir Data.

Table of Absolute Pressure in Air Compressor Cylinder

(According to Compressed Air Data)

Final Percent  Absolute Final Pressure Factor for Any
of Total with 14.7 Ibs. Absolute Initial Pressure
Cylinder Initial Pressure
Volume
(Clearance
Included) Isothermal Adiabatic*  Isothermal Adiabatic*

100 14.70 14.70 1.000 1.000
90 16.Si 17.02 1111 1.158
80 18.37 20.07 1.250 1.365
70 20.99 24.17 1.428 1.644
60 24.50 30.05 1.067 2.044
60 29.40 38.05 2.000 2.629
45 32.67 41.79 2.222 3.047
40 30.73 52.74 2.500 3.588
S5 42.00 63.55 2.857 4.323
0 49.00 78.68 3.333 5.359
25 58.80 101 0 4.000 6.913
20 7S.5 138.7 5.000 9.438
15 98.0 207.3 6.667 14.10
10 147.0 304.7 10.000 24.81

5 294.0 959.0 20.000 65.24

‘Based onvelueforn of 1394
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From the table may be read directly the absolute pressure at various
points of the stroke. All plotting of pressures must be from absolute zero,

Where the pressure at the start of compresion is not atmospheric, the
factors given in the last two columns of the table may be used.

The absolute pressure to be plotted at any point of the stroke is obtained
by multiplying the corresponding factor by the absolute admission pressure.

In the table the factors are obtained from the isothermal and adiabatic
formulae.

OUTLET

INTERCOOLER

1ST
STAGE

. DISCHARGE
AFTER COOLER

F3- 45.— Two stage compression system.

TWO STAGE COMPRESSION

It must be evident from the foregoing explanations that iso-
thermal compression is the most economical requiring the ex-
penditure of the least amountjof power. However, this method
>simpossible in practice, but an approach to it is obtained by
compression in stages and cooling the air between each stage.
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Ques. Describe two stage compression.

/ins. Air is first admitted into a low pressure cylinder and
discharged into an intercooler where the air is cooled before
entering the next or high pressure cylinder. Here it is com-
pressed to the final pressure.

The diagram, fig. 45, shows the general arrangement of the units of the
two-stage compression system.

- DELIVERY TO AFTERCOOLER
A f D D D"

ADIABATIC CURVE

ISOTHERMAL CURVE

2ND STAGE

ACTUAL CURVE

SAVING
1ST STAGE
ACTUAL CURVE
DELIVERY TO
INTERCOOLER

ATMOSPHERIC LINE

VACUUM LINE

Fig. 46.— Combined diagram illustrating two stage compression. In praehib
single phase compression is employed for pressures up to about 50 or 60 ks
absolute; rwo stage for 50 to 60 Ibs.; three stage, for from 500 to 1,000 Ibs.
and four stage for higher pressures. Compressors which work against pressures
less than 45 Ibs. are usually called blowing engines.
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Effect of Two Stage Compression.—The effect of two stage
compression as regards p'ower requirements is shown in fig. 46.
The total result of dividing the compression into two stages is
toobtain a nearer approach to isothermal compression.

The diagram, fig. 46, is a combined diagram for the two stages.

Compression begins in the low pressure cylinder at C, and continues to
some intermediate point as D.

The first stage actual curve CD, lying somewhere between the isothermal
and adiabatic curves from C and shown in dotted lines.

At D, the compressed air in the low pressure cylinder is discharged into
the intercooler where it is cooled at constant pressure to its initial tempera-
ture, the volume being reduced from AD to AC".

The compressed air now flows from the intercooler into the high pressure
cylinder second stage compression starting at C' and continuing to the
final pressure D'.

As with the first stage actual curve, the second stage actual curve lies
between the isothermal and adiabatic curves.

The saving due to two stage compression is indicated by the
shaded area lying between the two actual curves CDC'D" and
the adiabatic curve, that is area DC'D'D".

CYLINDER RATIOS

FOR
TWO STAGE COMPRESSION

According to Union, the correct ratio of cylinders for 2 stage
compression is obtained by the following formula:
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In which r = ratio of cylinders.
Pj = Absolute terminal pressure in Ibs. per sg. in
P = Atmospheric pressure in Ibs. per sqg. in.

Thus in two stage compression, extract the square root of the
number of atmospheres to be compressed. This proportion of
cylinder volumes divides the work equally between the differ-
ent stages.

The intercooler pressure (Pj) in a two stage compressor is
obtained by the following formula:

Pi= P X
In which Pi= Intercooler pressure between first and second
stages.

The following table gives the correct cylinder ratio and inter-
cooler pressure in two stage compression for gauge pressures
from 50 to 500 pounds per square inch.

P o » o
- ' (] - —
. s Ss & 5 JSo
2, 28, .5 "By, 5 e e, 8, .5 TEg g
82t szc 28 §3E Su2 83c 23T 88 E3E g%
583 283 5E 503 828 83 583 EE 505 £3¢
ovaa <aa =& G8v2 =62 3S&f <58 2% 8u3 Soo
50 647 440 210  16.2 2 2147 1460 382 44
60 747 508 225 184 210 2247 15 3.91 ;ﬁg
70 847 576 240 206 20 2347 1596 399 3
947 644 254 227 230 2447 1664 408 43
90 1047 712 267 245 2547 1732 4171 %6
100 1147 7.80 279 263 250 2647 18.00 4.4 2‘5‘8
110 1247 8.48 2.91 28.1 260 2747  18.68 4.32 500
120 134.7 9.16 3.03 29.8 210 2847 19.36 4.40 g
130 1447 984 314 315 2 2947 2004 448 L1
140 1547 1052 324 329 290 3047 2072 455 22
150 1647 1120 335 345 3147 2140 463 B
160 1747 11.88  3.45 361 3O 3B/A7 2480 498 2
170 1847 1256 354  37.3 40 4147 2820 531 29
180 1947 1324 364 388 450 4647 3160 561 ¢
190 2047 1392 373 401 500 5147 3501 591 721
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CHAPTER 45

The Work of Compression

Work.—The word work is a widely used word, and is in the
vocabulary of a great many people who have a very vague idea
&to its meaning. Included among them are many who do not
know the difference between work and power.

Considering the subject of this chapter, it seems fitting that
the reader should at least first check up on the term work.

Ques. What is work?

4ns. The overcoming of resistance through a certain distance
b the expenditure of energy.

Here two words are encountered—resistance and energy.. Unless the
exact meaning of each be known the definition is not clear.

Ques. W hat is resistance?

4ns. The quality of not yielding to force or external pressure;
that quality of a body which acts in opposition to the pressure
*fanother.

A typical illustration of force and resistance is shown in fig. 1. The flat
tire and sandy road should help to clarify these terms.
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Ques. What is energy?

Mns. That will be explained later.

Ques. How is work measured?

Mns. By a standard unit called the foot pound*

Ques. What is a foot pound?

RESISTANCE

~ns. The amount of work done in raising ond pound one foot,
or in overcoming a pressure of one pound through a distance
of one foot.

Note especially that it makes no difference how long it takes to raise the
pound one foot (all day if necessary, or only one second if in a hurry)-
time has nothing to do with it. Fig. 3 illustrates the foot-pound.

Heat.—By definition, heat is a form of energy known by cs
effects.

+NOTE.—AIlthough this has been treated in the Chapter on Physics, additional explanations
are here given for the convenience of the reader and to possibly further explain terms.
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These effects are indicated through the touch and feeling as well as by

the expansion, fusion, combustion or evaporation of the matter upon which
it acts*.

Ques. How is heat measured?

Ans. By a standard unit called the Britishthermalunit (B.i.u.)

Ques. What is the British thermal unit?

ELEMENTS OF

THE

FOOT POUND

ONE POUND-
f'9. 2.— Elements of a foot pound— one foot and one pound.

4ns. 160 part of the heat required to raise the temperature of
°ne pound of water from 32° to 212° Fahr.

Ques. Mention one undesirable effect of heat.

#NOTE.—See Chapter 1, Page A49 on Physics for further explanation on heat.
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Ans. In the compression' of air the work of compression is
converted into heat, heating the air and increasing the pressure
above that corresponding to Boyle’s law requiring more power.

Heat and Work.—Heat develops mechanical force and motion,
hence it is convertible into work.

ONE FOOT POUND

(OF WORK)

Fig. 3*— Man raising one pound one

Ques. What is the relation between the unit of heat and
the unit of work?

Ans. It was shown by experiments made by Joule (1843-50)
that 1 unit of heat = 772 units of work.
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Ques. What is this called?

Ans. The “mechanical equivalent of heat” or Joule’s ex
i periment.
Fig. 5 shows work being transformed into heat.

Ques. Is the equivalent as obtained by Joule correct?
Ans. No.

bg, 4,— The mechanical equivalent of heat. In 1843 Dr. Joule of Manchester,
England, determined by numerous experiments that when 772 foot pounds of
energy had been expended on one pound of water, the temperature of the
«after had risen one degree, and the relationship between heat and mechanical
work was found/ the value 772 foot pounds is known as Joule’s equivalent.
More recent experiments give higher figures, the value 778, is now generally
used but according to Kent 777.62 is probably more nearly correct. Marks
and Davis in their steam tables have used the figure 777.52.

Later experiments gave various results. 778 is sufficiently accurate for
ordinary calculations. However, 777.5 is probably more nearly correct.
The value 777.52 was used by Marks and Davis in their Steam Tables.

Energy.—By definition, energy is stored work, that is, the
ability to do work, in other words, the ability to move against

resistance.
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Ques. Must a body do work to possess energy?
Ans. No.

Work is done by an expenditure of energy as in fig. 6.

Ques. Name two kinds of energy.
Ans. Potential energy and kinetic energy.

Potential energy is energy due to position as represented for instance
by a body of water stored in an elevated reservoir, capable of doing work

FRICTION WORK

HEA
TOOL

REST

WHEEL

Fig. 5.— Grinding tool on emery wheel illustrating heat due to friction.

by means of a water wheel, as shown in fig. 7, or an elevated pile driver
monkey as in fig. 8. Another example is shown in figs. 9 to 11.

Kinetic energy is energy due to momentum, that is, the energy
of a moving body, which is equivalent to saying, dynamic inertia.

For instance, a heavy rapidly moving freight train possesses considerable
kinetic energy and considerable work in the form of braking (friction con-
verted into heat) has to be done to bring it to rest. This is dynamic inertia
as shown in fig. 12. Conversion of potential energy into dynamic energy
is shown in fig. 13. Another example of kinetic energy is shown in fig. 14
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Conservation of Energy.—If the layman knew anything
about the conservation of energy, there would be less of these
perpetual motion inventors, trying to accomplish the im-
possible.

By definition, energy can be transmitted from one body to
ancther or transformed in its manifestations, but can neither be
created nor destroyed.

expenditure

OF ENERGY

Fig. 6.- work the expenditure of energy.

Ques. Can energy be dissipated, that is converted into a
rorm from which it cannot be recovered?

4ns. Yes.

Thus in the case of that very wasteful contraption the alleged house
heating boiler, a great percentage of the heat escapes up the chimnej because
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POTENTIAL ENERGY

(WATER in elevated tank)

EXPENDITURE OF POTENTIAL
ENERGY

Fig. 7.— Potential energy.

ENERGY

Fig. 81— Potential energy; second illustration.
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the amount of heating surface provided is so small as to be ridiculous. Some
designs are first rate cellar heaters and with a red hot stove pipe present a
distinct fire hazard. This goes for all sectional cast iron alleged house heat-
ing boilers—thermally no good.

Power.—BYy definition, power is the rate at which work is done,
that is, work divided by the time in which it is done. Thus,

work= foot pounds
lime time

Power =

Ques. What is the unit of power

WORK DONE BY MAN. WORK DONE BY WEIGHT.
WEIGHT ACQUIRES * MAN ACQUIRES
POTENTIAL ENERGY POTENTIAL ENERGY

'9s. 9 fo 11.— Example of potential energy. If a man lift a weight any distance,

from the position of fig. 9, to position of fig. 10, he docs a certain amount of
work on the weight, giving it potential energy. When he lowers it to its original
position, as in fig. 11, the weight loses the potential energy previously ac-
quired, that is, it is given back to the man, the "system" (man and weight)
having returned to its original condition, as in fig. 11. During such a cycle,

tne work done by the man on the weignt is equal to the work done by the
weight on the man.

4ns. The horse power.*

*NOTE.—The term horse power is due to James Watt who figured it to represent the power

m astfong London draught horse to do work during a short interval and used it as a power rat*
to« for his engines.
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Ques. What is one horse power?

Ans. 33,000 foot pounds per minute.

An operation illustrating one horse power is shown in fig. 15.

Ques. What is the object of the gearing in fig. 15 between
the engine and boiler?

DYNAMIC INERTIA RETARDING FORCE

(MOMENTUM) BRAKE ON
» > -

Fig. 12.— Dynamic inertia iilustrated by the braking effort required to stop a
train in motion.

POTENTIAL ENERGY OF
DUE TO POSITION

POTENTIAL ENERGY
CONVERTED INTO
KINETIC ENERGY

Fig. 13.— Car coasting down incline illustrating potential and kinetic energy-
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4ns. It is to reduce the load (pounds) on the piston.

DYNAMO STORAGE BATTERY

— N'net'c energy- The illustration represents a railway car with axle
lighting system. If the car be set in motion and then no further power be
applied its momentum or kinetic energy will drive the dynamo which in turn
will charge the storage battery, and acting like a brake will gradually bring
Ine car to rest. During this operation, the kinetic energy, originally possessed
uy the moving car, is absorbed by the dyanmo (neglecting friction) and deliv-
ered to the battery a(s electrical energy which may be used in lighting the car.

~N3- 15.— Engine developing one horse power. Neglecting power lost by fric-
tion of the reduction gears the engine delivers one horse power— this is brake
horse power. Define brake horse power.
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Thus, in fig. 16, a one-pound weight is shown with three block and fdl
hook-ups. In these, a movement of one, two and four feet is required to
raise the weight one foot. The pull (or load on piston in fig. 15) is inversely
proportional to the distance as plainly shown in fig. 16.

The 33,000 foot-pounds per minute which make up the
horse power may be proportioned variously between load and
distance raised as

4- FEET
2 FEET
PULL \ LB.
PULL ILB. “ Q
- 1 FOOT
LB e ILB

A LB x 1FOOT- 1FOOT POUND
B Al x 2Ft - iFoot pound

Q £ LB X4 FT = |FOOT POUND

Fig. 16,— The object of gearing between prime mover and load. This is espe
cially necessary in the case of a gas engine owing to one of its inherent defects.

ONE HORSE POWER

33,000 pounds 1 foot in one minute
3,300 10 feet
330 100 -
33 1000 *
3.3 10000 “

1 33000 *“
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There are various kinds, of horse power such as: Nominal,
indicated, brake, effective, hydraulic, boiler, electrical, etc.
The horse power of interest here is the indicated horse power.

Indicated Horse Power.—By definition, the indicated horse
power is the actual power developed within a cylinder as calculated
from the indicator diagram.

VARIOUS KINDS OF HORSE POWER

A} INDICATOR
MEP. 7 LBS5. ACTUAL M.EP. LY WHCEI>
AREA PISTON AREA RISTON
PISTON SPEED = ACTUAL rLEVER/ARM
PISTON SPEED
Nominal Indicated Brake
SPEEO PROPELLER THRUST
ONE /1 j
K SHOUR./ ELECTRICAL
EQUIVALENT
*or
W i MOTOR
Boiler Electrical

hg. 17.— What should be known about horse power.

In the operation of any engine or compressor, it represents
the power at the instant the diagram was taken. In the case
°la steam driven compressor the indicated horse power at the
steam end does not represent the power delivered to the
compressor piston, being in excess by an amount ea.ual to the

Power lost by friction.
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The indicated horse power at the compressor end is the
actual power delivered to compress the air.

How to Calculate Horse Power.—There are various horse
power formulae and before considering them a few preliminary
explanations are necessary.

Ques. Why is the decimal .7854 used to ascertain the area
of a piston?

Fig. 18.— Diagram illustrating why the decimal .7854 is used to find the ae
of a circle. If the square be divided into 10,000 parts or small squares, a circs
having a diameter D, equal to a side of the large square will contain 78
small squares, hence, if the area of the large square be 1 sg. in., then
area of the circle will be 7854 10,000 or .7854 sq. ins., that is,area @
the circle = .7854 X D2= .7854 XD XD = .7854 X 1 X 1 = .7854sq. in

AREA CIRCLE

Figs. 19 to 21.— Pictorial explanation that .7854 D2 = area of circle.
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ins. Because it represents the relation between a circle and
circumscribed square as shown in fig. 18.

Ques. Define piston speed?

Ans. The total distance traveled by the piston in one minute
—not the actual velocity at any given instant.

Rule.—Multiply twice the number of revolutions per minute by the stroke
in inches and divide the product by 12 to reduce tofeet.

Example.—A compressor has a stroke of six inches and runs at 500
revolutions per minute. What is the piston speed?

2 X6 X500 _ 500 ft. per minute

piston speed =
Ques. What is the usual but objectionable method of calcu-
lating horse power?

ins. RULE: Multiply the mean effective pressure in Ibs. per
square inch by the area of the piston in square inches and multiply
die product by the length of stroke in feet and by the number of
strokes per minute (twice the number of revolutions); divide this
lastproduct by 33,000 and the answer will be the horse power of a
double acting engine.

Expressed as a formula

Hp 2 PLAN 2 (.7854D2 PLN Q
33,000 33,000

in which

mean effective pressure in Ibs. per sg. in.

length of stroke in feet
area of piston in sq. ins. = .7854 x diameter2

number of revolutions per minute
diameter of piston in inches

OZ>»rr o
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In the formula the numerator is made up of the total number
of foot pounds done in one minute ; the denominator or 33,000
is the number of foot pounds per minute per horse power.

Ques. What is the matter with this formula?

,4ns. It requires a ridiculous waste of time in calculating.

Ques. Why?

/Ins. In the first place the stroke which is usually given in
inches has to be reduced to feet; in the second place the con-
stants 2, .7854, 33,000 should be eliminated by reducing the
whole expression to its lowest terms, thus:

2P - X.7854 DN

*Hp = = 000003697 PLD N

33,000

Calling the constant .000004, which is near enough for ordi-
nary calculations, and changing the order of the factors, the
formula becomes:

HP = .000004(DA) NP..... S ©

Note in using this formula, first put down the cylinder di-
mensions in inches, squaring diameter, thus:

DA
prefix the constant 4, omitting the ciphers
4D
insert the number of revolutions and mean effective pressure

4DA_NP

*NOTE.—In using this formula L, is the length of stroke in inches.
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Substitute a given set of values and point off by “sense of
proportion.” The reader should take an example, and calculate
horse power first by formula (1) then by formula (2) noting
the difference in time and mental effort in using formula 2, not
forgetting to consider the extra chances in formula 1 of making
mistakes in figuring.

Effect of the Piston Rod on Power.—It must be evident,
since the piston rod passes through the stuffing box in the cyl-
inder head, that the area of the piston subjected to pressure is
reduced on one side by an amount equal to the area of the rod,
whereas the full 4rea of the other side of the piston is subjected
to pressure. Accordingly, the power developed at the crank end
will be less than at the head'end. To get the average effect
Vi area of piston rod is deducted from area of piston, but this
refinement is usually neglected in ordinary calculations as a
waste of time.

ISOTHERMAL COMPRESSION

In treating of the work of compression first, will be consid-
ered compression according to Boyle’s law, that is, isothermal
compression, or compression at constant temperature, in formula
form

PV n=1=constant

Ques. What is that n = 1 placed after V for?

Arts. The exponent n provides for the conditions under
which compression takes place. Taking n — 1, indicates that
ere is no heat of compression (isothermal compression), that
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is, substituting 1 for n, gives PV 1 which is the same as PV,
hence no extra work.

Where the heat of compression is considered (always present in actual
compression) the value of n is always greater than one.

Ques. How is isothermal compression, that is compression
in which PV = constant indicated?

HYPERBOLIC CURVE
PV(N=l) = CONSTANT

DISCHARGE AREA

COMPRESSION AREA

Fig. 22.— Theoretical diagram for isothermal compression to illustrate work as
indicated by diagrams.

Ans. It is represented graphically by the equilateral hyper-
bola referred to its rectilinear asymptotes.*

+NOTE.—See pages 15 to 22, for explanation relating to the hyperbola.
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The work of compression and during discharge at constant pressure dur-
ing discharge is equal to the area of the indicator diagram, fig. 22.

Work as Indicated by Diagram.—Take for example a theo-
retical diagram as in fig. 22. To understand the diagram, con-
sider first

1. The forward or compression stroke, and then
2. The return or admission stroke

From the explanations which follow (assuming no clearance)
it will be seen that the net work done in compressing and dis-
charging the air is equal to (he work of compression plus the
work of expulsion of the air from the cylinder minus the work
dore on the piston by the pressure of the atmosphere during
admission.

1. The forward or compression stroke.

Fig. 22 is theoretical diagram which shows what happens on the forward
stroke considering only the advancing side of the piston. Let D'A' (same as
DA) = length of stroke.

At beginning of stroke with cylinder full of air at atmospheric pressure

A let the air be compressed to some pressure as B, as indicated by the
hyperbolic curve AB, and then be discharged from the cylinder at constant

pressure as indicated by the line BC.

Draw B'B dividing the diagram ABCD'A' into two areas A'ABB' or
A and B'BCD' or B!

The work done during compression and discharge for each square inch

of the piston
= area A + area B.

Ques. Why is the work done equal to area A + area E?

Ans. To illustrate, consider the work done during discharge
represented by the shaded area B, or B'BCD', fig. 22, the shaded
area B represents the work done during discharge because:
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TafoSe of
Hyperbolic Logarithms

No. Hyp.log. No. Hyp-log. No. Hyp.log. No. Hyp. log.

11 0.0953 45 1.5041 79 20669 190 2944
12 0.1823 4.6 1.5261 80 20794 200 2997
13 0.2624 4.7 1.5476 81 20919 210 30445
14 0.3365 48 1.5686 82 21041 22.0 30910
15 0.4055 4.9 1.5892 83 21163 230 3135
16 0.4700- 5.0 1.6094 84 21282 240 31781
17 0.5306 51 1.6292 85 21401 250 32189
1.8 0.5878 5.2 1.6487 86 21518 260 32581
'19 0.6419 5.3 1.6677 87 21633 270 32958
2.0 0.6931 54 1.6864 88 21748 280 83322
2.1 0.7419 55 1.7047 89 21861 290 33673
2.2 0.7885 5.6 1.7228 9.0 21972 300 34012
2.3 0.8329 5.7 1.7405 91 22083 310 34340
2.4 0.8755 5.8 1.7579 92 22192 320 34657
2.5 0.9163 5.9 1.7750 93 22300 330 34965
2.6 0.9555 6.0 1.7918 94 22407 340 35263
2.7 0.9933 6.1 1.8083 95 22513 350 35553
2.8 1.0296 6.2 1.8245 96  2.2618 36.0 3583
2.9 1.0647 6.3 1.8405 97 22721 370 36109
3.0 1.0986 6.4 1.8563 98 22824 380 36376
31 1.1312 6.5 1.8718 99 22025 390 36636
3.2 1.1632 6.6 18871 100 2.3026 400 36889
3.3 1.1939 6.7 19021 105 23513 410 37136
34 1.2238 6.8 19169  11.0 23979 42,0 37317
35 1.2528 6.9 1.9315 115 24430 430 37612
3.6 1.2809 7.0 19459 120 24849 440 37842
3.7 1.3083 7.1 19601 125 25262 450 38067
3.8 1.3350 7.2 19741 130 25649 460 38286
3.9 1.3610 7.3 19879 m 135 26027 470 3801
4.0 1.3863 7.4 2.0015 140 2.6391 480 38712
4.1 1.4110 75 20149 150 2-7081  49.0 38918
4.2 1.4351 76 2.0281 160 27726 500 39120
43  -4.4586 7.7 20412 170  2.8332
4.4 1.4816 7.8 2.0541 180  2.8904

NOTE.—Hyperbolic or Napcri&u logarithm« arC common logarithm« multiplied b7
2.3025851.
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(load) (distance moved) (area)
work done = B'B X B'D' = B'BCD'

From this it must be evident that the work done during
compression = area A, or A'ABB".

Ques. How is this area A determined, other than by planim-
eter measurement?

4ns. The exact value of the area A may be readily obtained
by referring to the table of hyperbolic logarithms, page 84.

Ques. Why?

4ns. Because since the compression curve is a hyperbola,
the hyperbolic logarithm of the compression ratio (number of
compressions) expresses the relation between the area A, during
compression, and the area B, during discharge.

That is to say, taking the shaded discharge area
B = unity
Compression area A = hyperbolic logarithm r

and
total area A + B = 1 + hyperbolic logarithm r

Ques. What is r?
4ns. The number of compressions; or compression ratio

Example.—If air be compressed to Yi its volume, as in fig. 23, and the
Y\ volume discharged at the final pressure, then calling the area representing
the i/j volume during discharge 1, the area during compression = hyper-
bolic logarithm of 4, which is from the table on page 84. = 1.3863.
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This means that if 1 represent the work (or area B) during discharge,
1.3863 represents the work (or area A) during compression. Accordingly the
total work done during the stroke is equal to

A+ B=1+hyp log4=1+ 13863 = 2.3863

To further explain the ratio of compression r compare this with the expan-
sion of steam as in a steam engine which is the same as the compression of
air only "in reverse.”

AREA + AREA

viz+ W [/
VOLUME~?
MEAN PRESSURE
+ AREA
VOLUME LENeTH DA

VOLUME

INITIAL VOLUME

[LENGTH OF DIAGRAM =41
[ COMPRESSION RATIO r =4 j

Fig. 23.— Theoretical diagram for isothermal compression (without clearance)
for conditions given in the accompanying example.

Example.—A steam engine operates with a terminal pressure of 14.7 Its.
absolute, K cut off (4 expansions), no clearance, find work done_during the
stroke.

In fig. 24 draw the vacuum and atmospheric lines D'A'and DA. Divide
D'A" into 4 equal parts. Erect perpendiculars at A'and D', and construct
the hyperbola extending from A to B.
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If A'A = 14.7 Ibs. absolute, B'B will equal 14.7 X 4 = 58.8 Ibs. abs.,
using the same scale. That is, if steam at 58.8 Ibs. abs. be cut off at K stroke
and expanded to the end of the stroke or expanded 4 times the initial vol-
ume, the terminal pressure (pressure at the end of the stroke) =

58.8 -4 = 14.7Ibs. abs.*

Since the pressure is constant during admission, this will be represented
by the horizontal line CB., the point C, being at the intersection of this
horizontal, with the perpendicular from D', the beginning of the stroke.

-ADMISSION LINE

(', C U T OFF PRESSURE 58.8 LBS. ABS.

EXPANSION 1ire

TERMINAL'
PRESSURE,

VOLUMES

FOUR VOLUMES
(FOUR EXPANSIONS)
Fig. 24.— Theoretical diagram to illustrate steam engine operation at Ji cut off
(4 expansions) atmospheric terminal pressure.

*NOTE.—Of course in this illustration steam is assumed to actaccording to Boyle s law. but
it should be distinctly understood that in practice it does not because of condensation during the
early part of expansion and re-evaporation, occurring later. This results m the actual expansion

line first falling below, then rising above, the hyperbolic curve.
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Now similarly as in the preceding explanation,.for the shaded area B

or CBB'D'
(load)  (distance moved) (area)

work done = B'B X B'D' = CBB'D'

From this it must be evident that the work done during admission =
Area Bor CBB'D'.

Ques. How is the area A determined?

Ans. The same as for compression by means of the hyperbolic
logarithm of the number of expansions.

That is to say, taking the shaded admission area
B = unity

expansion area A = hyperbolic logarithm r

and

Total area A + B = 1 + hyperbolic logarithm r

Ques. What is r?
Ans. The ratio of expansion or number of expansions.

In the example the number of expansions is 4 and from the table hyp-
log. of 4 = 1.3863. This means that if 1 represent the work (or area B)
during admission, 1.3863 will represent the work (or area A) during expan-
sion. That the work of expansion is 1.3863 times that during admission

and the total work during the stroke is equal to
A+ B=1+ hyp.log. 4 = 1+ 1.3863 = 2.3863

Ques. Why do they call the hyperbolic curve BA (fig. 24)
a line?

Ans. Although a line is generally considered as being straight,
a straight line may be considered as being a curve with infinity
radius.
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The Mean Effective Pressure.—This is the average resultant
pressure acting on the piston during the stroke, that is, the
effective pressure which compresses and discharges the air. It
must be evident from the foregoing that the mean effective

pressure (m.e.p.) is the difference between the mean forward
pressure and the mean back pressure.

That is

m.e.p. —mean forward pressure — mean back pressure
Accordingly,

mep. = _ final pressure abs. X 1 + hyp. j\%g no of comp.
number of compressions

----- back pres. abs.

or as expressed with the usual symbols

nep -PxLthyplogr u

in which
m.e.p. = mean effective pressure
P = final pressure per sg. in. in Ibs. absolute
r = ratio or number of compressions
b.p. = back pressure in Ibs. abs. assumed constant;

(if not, the mean back pressure m .b.p. should be used)
It should be remembered that the final pressure and back
pressure are taken in Ibs. per sg. in. absolute.

Ques. In equation (1) why does dividingP x 1 + hyp. logr
by r give the mean forward pressure?
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Ans. In the formula, r, being the ratio of compression repre-
sents also the length of the diagram and when the area of the
diagram is divided by its length the result is the mean height
of the diagram which measures the mean pressure.

Example.—What is the mean effective pressure (m.e.p.) when compress-
ing isothermally to ~ volume with 14.7 Ibs. initial pressure?

final or discharge pressure = 14.7 X 4 = 58.8 Ibs. abs.
back pressure = 14.7 Ibs. abs.
hyp. log of 4 = 1.3863
Substituting in formula (1)

m.e.p. = 58,8(1 +4 1-3863) _ 14.7 = 20.38 Ibs. per sq. in.

Solution by Calculus.—The mean effective pressure in the
example just given may be found by the calculus.

There are two cases in which the area “under the curve” may
be integrated, as with respect to—

1. Volume, or

2. Pressure

That is, taking for the differential
1. dv, or
2. dp

These differentials (areas) are shown graphically in the dia-

grams, figs. 32 and 33.
In either case the area “tinder curve” means the area enclosed

between the curve, one of its axes, and two vertical or hori-
zontal ordinates.
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In fig. 32, the area to be integrated isyyy'y", which is made up
of an infinite number of narrow strips, as abed. The area of
each of these stri;sf)s is equal to

width x height
or
dc X |

dc being an infinitesimal part of the volume is called dv, and since the
height I corresponds to the pressure at that point it is called P.

SHADED

AREA"UNDER CURVSi
TO BE
INTEGRATED

AXIS

Figs. 32 and 33.— Diagram indicating two methods of integrating in finding
m .e.p. by the calculus.

Similarly in fig. 33, the infinitesimally small strip a'b'c'd" is
horizontal and its width represents an increment of pressure
called dp. Evidently, since its length corresponds to volume at
that point, it is called V.
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CASE |

Integrating with Respect to dv.—The diagram, fig. 34, is a
duplicate of fig. 32, since it represents the same conditions of
compression as in the example. Since the compression is
isothermal

n =1

that is, compression takes place according to Boyle’s law, from
which: The product of pressure and volume at any point is equal
to the product of pressure and volume at any other point, that is
>nfig. 34.
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PV =plyl=p,y2=C
here C is a constant.

Integrating the area A, “under the curve”

Area A= PJPdv ................................. @

but
PV =C
from which r

Substituting value of P in equation (1)

P1C P 2dv
Area A - y iv ~ C] \Y
\2 "1

= C (hyp. log Vi —hyp. log VJ............ ()
Here
C =147 x 4 = 588
Vi=4
hyp. log 4 = 1.3863 hyp. log 1=0

Substituting log values in 2

Area A = C (1.3863 —0) = C (hyp. logr)

in which r = ratio of compression = 4.

Now in fig. 34, logror 1.3863 = area of A, when areaB = m
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Accordingly, area of entire diagram, that is

area A + area B= C (1 + hyp logr).
and

(1 + hyp-1log r)
r

This is the tn.e.p. when the back pressure = 0. However,
| the back pressure (b.p.) on a compressor is theoretically that
\ of the atmosphere (14.7 Ibs.), hence the formula becomes

_C@+ hyp,log _ bp (€))
r

Substituting in (3)

mep. = 58.8 (1 + 1.3863) _ 14 ? = 2038 1Ibs pergq_in_
4

CASE 2

Integrating with respect to_dp,—In fig. 35 (shaded) area
under curve, or 2

area B = O 4

but Pi

PV = C
fromwhich
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Substituting this value for V in equation (4)

AreaB

/Pl # =¢Cc ff
Pi Pi

C (hyp. log p2—hyp. log/>i)
C hyp. log r

Fig. 35.— Diagram illustrating integration with respect to dp.
Here as before

Pi = 147 P2= 588 r=588 w147 =4
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1.3863
14.7

hyp. log r = hyp. log 4
b.p.

C( + hyp, logr) _

m.e.p.
;

Substituting

58.8 (1 + 1.3863) _ u ? = 2Q3g
r

ADIABATIC COMPRESSION

By definition, adiabatic compression of air is: Compression
without loss of heat.

Consider for example a perfectly insulated air cylinder and
Piston having a full charge of air between the piston and
cylinder.

As the piston moves the volume of air becomes smaller and
the temperature rises.

On reduction of volume this rise in temperature causes the
pressure to rise more than it would if compression took place
at constant temperature.

If the temperature were constant, then according to Boyles law: At
constant temperature the pressure of a gas varies inversely as its volume. For
instance, half the volume, double the pressure.

In the actual compressor air cannot be compressed at con-
stant temperature, consequently there is a loss due to excess
Pressure caused by the rise of temperature.
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Accordingly, if this heat could be removed as fast as generated, so asto
maintain a constant temperature during compression, the least amount of
work would be required.

If it were possible to compress air without removing any of
the heat generated, the maximum loss of power would result
in the operation of compressors.

ISOTHERMAL CURVE

ACTUAL CURVE

ADIABATIC CURVE

Fig. 36.— Diagram showing location of actual curve of compression as lyir®
somewhere between the isothermal and adiabatic curves— in fact very new
the adiabatic curve.

In the actual compression of air under practical working conditions
neither of these recults are obtained, that is, the curve of compression w®
lie somewhere between the isothermal and adiabatic curves as shownw
fig. 36.

Ques. What is the objection to adiabatic compression?
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Ans. A considerable loss takes place because of the effect of
rising temperature boosting the pressure above normal. That
is, more power is required for adiabatic compression than for
isothermal compression.

Moreover, the compressor must work at high temperature which is
attended by lubrication difficulties.

Ques. What is the present method of removing heat of
compression?

Ans. Water jacketing the cylinder.

Various methods have been tried such as spraying water into the cylinder,
circulating cooling water through the piston, etc. The use of cooling spray
or so called wet compression has long since been discontinued, as has also
the method of circulating water through the piston, because of mechanical

difficulties.

Ques. In addition to water cooling, what is the most effective
method for reducing the heat of compression?

Ans. By dividing the compression into two or more stages
with intercooling between the stages.

Ques. When is multi-stage compression especially desirable?

Ans. When compressing to high pressures.

The Work of Adiabatic Compression.—Where heat must be
taken into account with its effect of boosting the pressure
above normal, the calculations are not so simple as for iso-
thermal compression as the compression takes place in accord-
ance of both Boyle’s and Charles’ laws.
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Combining both laws—

ISOTHERMAL COMPRESSION
ADIABATIC COMPRESSION

LOSS

area)

CURVE
ADIABATIC CURVE

SAVING OR
REDUCTION IN LOSS

(cross sectioned area)

Figs. 37 to 39.— Diagrams showing the effect of heat in causing iss during
compression.
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I here T and Ti are the initial and final absolute temperatures in
degrees Fahrenheit. In the general equation for compression

PV" = C

The value of the exponent n depends upon the conditions into which
compression takes place, thus ifit be isothermaln = | thatisPV" = 1= C

If all the heat of compression be retained (adiabatic compression) n be-
comes the ratio of the specific heat at constant pressure to the specific heat
at constant volume.

Fordry airn —— = 1.4057.

Cv  .16895

commonly taken as 1.41, as has previously been explained.

Ques. What is the value of n in practice?

Ans. The value of n on the ordinary single stage air com-
pressor as given by Church is 1.33 and Union as 1.25.

Ques. Upon what does the exact value depend?

4ns. It varies with the compressor and depends upon the
size of the cylinder, speed of the machine, design of the water
jacket, and temperature of the cooling water.

In present day reciprocating compressor.-,, the air is compressed very
nearly adiabatically. The water jacket brings the compression curve some-
what below the adiabatic but the excess pressure required to force the air
through valves makes the work done in compressing and discharging the
air very close to that which would be calculated on the assumption of
adiabatic compression.

Note the following values of n as given by O’Neil.

Values of N
h = 1 for isothermal compression.
n. = 1.406 for adiabatic compression for dry aii.
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n = 1.3947 for adiabatic compression of air having 36% relative humid-
ity at 68° F. This may be considered an average condition ina
temperate climate.

Net Work of Compression by Integration.—The net work of
compression consists of three items:

W, = ABGH
W2 = BCFG
W3 = ADFH
PV*= cC
VYW fW j

v,

Fig. 40.— Diagram illustrating calculus method of calculating the work and
m.e.p. of adiabatic compression.

1. Work of compressing
2. Work of discharging
3. Work done by atmosphere during admission.
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Expressed as a formula
W, = Wi + W2- W3
| inwhich
Wn = net work of compression
Wi = work of compressing
W2 = work of discharging

W3 = negative work or work done on the piston by the
atmosphere during admission.

In the actual compressor the air as before stated is com-
pressed very nearly adiabatically.

Although the effect of water jacketing is to bring the actual compression
curve somewhat below the adiabatic curve, opposing this is the excess pres-
sure required to force the air through the valves which makes the net result
almost the same as adiabatic compression.

Accordingly in the theoretical diagram the adiabatic com-
pression curve is used as shown in fig. 40.

In the clearance diagram for single stage compression

Area ABGH is the work of compressing
“ BCFG “ * * e“expulsion

“ ADFH “ “ *“ done on the piston by the in-
coming charge.

These areas as tabulated are denoted by Wi, W2and W3
respectively.
Ques. How is the work of Wi of compression obtained?

Ans. By integrating under the curve PV* = C, that is be-
tween the limits Vi and V2
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Ques. How is the work (W2 of expulsion obtained?

Ans. It is the product of P2multiplied by V2

Ques. How is the negative work (W3 done by the atmos-
phere obtained?

Ans. It is the product of Pi multiplied by Vi.

Ques. How is the mean effective pressure obtained?

Ans. By adding the first two areas, deducting the third area
and dividing by the length of the diagram, thus:

m.e.p. = AW, + W9 - W,

Vi
Thus

mep. = N p 1
h—1

For normal air it becomes

'pV 283
m.e.p. = 3,534 P:

. . . Pog .
Expressing the ratio of compression F’_'by r, it becomes
i

m.e.P. = 3.534 P! (r®B— 1)
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Volumes mean Pressures, Temperatures, etc.

Absolute

i % Pressure

14.7
19.7
24.7
29.7
34.7
39.8
44.7
49.7
54.7
59.7
64.7-
09.7
74.7
79.7
84.7
89.7
94.7
99.7
104.7
109.7
114.7
119.7
124 .7
129.7
134 7
139.7
1447
149.7
154.7
159.7
164.7

Prcssute
in
Atmos-
pheres

NwoNwoow
0 N~ AN

Volume with
Temperature

Air at
Constant

for

Volume
with Air
not
Cooled

Mean Pressuie
per Stroke.

Air at
Temperature

Constant

®% 53
§98 £ 8
o e

58 Eg‘é
éﬁé £E%
0. 60
4.5 106
8.27 145
1151 178
14.4 207
17.01 234
19.4 255
21.6 281
23.66 302
25,59 321
27.39 339
29.11 357
30.75 375
31.69 389
33.73 405
35.23 420
36.6 432
37.94 447
39.18 459
40.4 472
41.6 485
42.78 496’
43.91 507
44.98 508
46.04 529
47.06* 540
48.1 550
49.1 560
50.02 570
51. 580
51.89 589

105

Air Compression from one Atmosphere and 60° Fahr.

Gauge
Pressure
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Indicated Horse Power “Per 100 Cu. Ft.”—The expression
“per 100 cu. ft.” means 100 cu. ft. displacement per minute and
is a measure of capacity frequently used in horse power calcula-
tions. On this basis

i} _ PD xjm.e.p.x 144)
33,000
in which
i.h.p. = indicated horse power, that is of the air cylinder.
m.e.p. = mean effective pressure in Ibs. per sqg. in.
PD = piston displacement in cu. ft. per minute.

Now if the piston displacement be made 100 cu. ft. per min-
ute, then the i.h.p. per 100 cu. ft. piston displacement per
minute

100 x(m.e.p. x 144) _ m.e.p.
33,000 2.292

Hence to find i.h.p., to compress 100 cu. ft. of air per minute:

Rule.—Divide the m.e.p. by 2.292.

Example.—What horse power is required to compress 100 cu. ft. of air
per minute to 100 Ibs. gauge pressure. Initial pressure 14.7 Ibs.

Look in table on page 105 for “mean pressure per stroke air not cooled”
and find 41.6 Ibs. Substituting this in rule

i.h.p. =416 --2.292 = 181

Compare this with the table on page 107 which is based on a value of «of
1.3947. Values for corresponding brake horse power given in the table on
page 110. Here brake horse power should be interpreted as the brake horse
power in the case of a power-driven machine or steam indicated horse power
in the case of a direct connected steam-driven compressor.
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Mean Effective Pressure

'T o compress air from atmosphere (14.7 Ibs. per sq in.) to various pressures’

and Theoretical Horsepower

Required to compress air at the rate of 100 cu. ft. per min. from
atmospheric pressure to various pressures.
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Displacement of Air Compressors.—The capacity of an air
compressor is usually expressed in cubic feet per minute.
Strictly speaking this is the volume displaced by the net area
of the compressor piston.

Ques. What is the net area of the piston
dns. The area of the piston—]/i area of the piston rod.

In ordinary calculations this refinement is not considered.

Example.—Find the displacement of a 12 x 11 single stage double acting
compressor, running 300 r.p.m.; arearod 2ins.

.7854X 122= ........ 113.10 sq. in.
piir X 22 = 1.57sq. in.
Net area 111.53 sq. in.

or 11153 + 144 = .77 sq. ft.

Area 12 in. piston
Half Area 2in. rod

displacement = net piston area X stroke X strokes
(in. sq. ft.)

a7 X i X2X 300

= 4235 cu. ft. per minute.

Atable of approximate displacements is given on page 108 for convenient
reference.

Calculation of Horse Power.—The following illustrates how
to calculate the horse power required for compressors.

1 For isothermal compression
2. For adiabatic compression

Example.—\Vhat horse power is required to compress isothermaUy 400
cu. ft. of free air per minute into a receiver against a gauge pressure of 100
Ibs. per sq. in. Assume theoretically that admission takes place at atmos-
pheric pressure.
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One method of solving such problems is as follows:
Compression ratio = (100 + 14.7) 4 147 = 7.8 = r.

Hypobolic logarithm of 7.8 (from table page 84) = 2.0541
1+ hyp. log. of 7.8 = 1 + 2.0541 = 3.0541.

me.p. = P abs. x 1+ hyp. Iopr IH_p
r
in which
m.e.p. = mean effective pressure in Ibs. per sq. in. 'in air
cylinder.
P = final or discharge pressure in Ibs. per sg. in. abs.
r = ratio of compression
b.p. = back pressure in Ibs. abs. per sq. in.

Approximate brake horse power required by air
Compressors*

Figures given are b.h.p. per 100 cu. ft. of free air per min. actually delivered.

SINGLE-STAGE TWO-STAGE
Altitude Ibs. per sq. in. gauge Ibs. per sg. in gauge
Feet
60 80 100 60 80 100 125
16.3 19.5 21 14.7 17.1 19.1 213
16.1 19.2 21.7 14.5 16.8 18.7 20.9
15.9 18.9 21.3 14.3 16.5 18.4
3000 15.7 18.0 ﬁ%% 14.0 16.1 18.0
4000 15.4 18.2 ) 13.8 15.8 17.7
5000 15.2 17.9 % 13.5 15.5 17.3 19.2
6000 15.0 17.6 1 13.3 15.2 17.0 1838
7000 14.7 17.3 19.6 13.0 14.9 16.0 184
8000 14.5 17.1 19.3 12.7 14.6 16.2 180
14.3 16.8 18.9 12.5 14.3 15.9 176
] 14.1 16.5 18.6 ﬁé 14.1 15.6 172
1 13.6 15.9 17.9 . 13.5 15.0 16.6
14000 131 15.2 17.2 11.3 12.9 14.3 157

*Note: Brake horsepower will vary considerably with the size and type of compressor
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Substituting in formula (1)

m.e.p. = 1147 ;(83.0541 14.7 =98.9"1bs.

The size of the compressor piston depends upon conditions,
but for calculation of horse power, any size piston may be as-
sumed. Accordingly, for simplicity assume piston to have an
area of 1 sq. ft. that is, 144 sq. ins. so that 400 ft. per min.
will correspond to the piston speed.

Now a #. - RIStOI’] area X m.e.p. X piston speed -(éﬁ

Substituting in formula (2)

Ih.p. _ 144 x 302 x 400  _ 7 52.1

In a previous section (see page 106) it was shown that for 100
au ft. piston displacement

2.292
Substituting in this formula (3) and multiplying by 4 for 400
a ft.
h.E. = — X4 =527
2.292

It must be understood that this is the theoretical power re-
quired for compressing the air and to which must be added
extra power to overcome friction of compressor and driver.

For illustration assume efficiency 80%.
loss - 100 - 80 = 20%
Power required = 52.7 X (1 4- 20%) = 63.2
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Example.—What power is required for compression as in the previous
example'but adiabatically instead of isolhermallyl

This is easily obtained by aid of the mean effective pressure table (pre-
pared by O’Neil) on page 107.

For isothermal compression the m.e.p. as calculated in the previous
example = 30.2 Ibs. per sg. in. Referring to the table the m.e.p. for adiabatic
compression (100 Ibs. gauge pressure) = 40.9 Ibs. per sqg. in.

The horse power required is obtained by multiplying the horse power
found for isothermal compression by the ratio of the two m.e.p. that is for
adiabatic compression

ih (theoretical
(delivered

52.7 X (40.9 - 30.2) = 714
63.2 X (40.9 t- 30.2) = 85.6

Efficiency.—In general the term efficiency may be defined
as: The ratio of the useful work performed by a prime mover to the
energy expended, that is, the output divided by the input.

It is important to distinguish between several kinds of effi-
ciency and with respect to compressors the following should be
considered:

Volumetric efficiency.
Compression efficiency.
Mechanical efficiency.

Slippage efficiency.

o A~ W DN

Overall efficiency.

Volumetric Efficiency.—By definition volumetric efficiency
is: The ratio of the actual number of cubicfeet offree air (at 147
Ibs. per sg. in. abs. and 60° Fahr.) compressed per unit of tune
to the number of cubicfeet of piston displacement during that time.
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Expressed as a formula

: inwhich

Ev= volumetric efficiency.

V = actual cubic feet of free air at 14.7 Ibs. per sqg. in. abs.
and 60° Fahr. compressed per minute.

D = displacement in cubic feet per minute.

Volumetric efficiency depends upon:

1 Pressure at end of admission.

2. Temperature at end of admission.

3. Quality of the air at end of admission.
4. Clearance volume.

Ques. W hat effect has pressure on the charge*?

4ns. The lower the absolute pressure the less the volumetric
efficiency.

Ques. Can free air be admitted at atmospheric pressured

mns. No

Ques. Why?

4ns. Frictional resistance encountered by the air on enter-
ffig reduces its pressure.

Thus in fig. 41 the charge is admitted (assuming no clearance) from A to
B. The terminal admission pressure indicated at B, is below atmospheric
pressure. On the compression stroke the piston moves to some point C,

#Note—The term charge means the amount of air taken in at the end of the admission stroke.
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while the pressure of the charge is building up to atmospheric pressure.
Accordingly the volume of normal air admitted per stroke is less than the
cylinder displacement per stroke LL and under such conditions the volu-
metric efficiency would be 11-s- LL less than 100%.

Fig. 41.— Diagram illustrating frictional resistance during admission in reducing
the charge.

Fig. 42.— Admission line illustrating false or boosted pressure at the end of
admission.
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Ques. If the admission line on a diagram gradually ap-
proached the atmospheric line, what are the reasons?

Ans. 1. False or boosted pressure due to the charge receiv-
ing heat from the cylinder walls; 2, gradual reduction in piston
speed as the piston nears the end of the admission stroke;
3. inertia effect.

Thus, in fig. 31, at the beginning of admission the column of air in the
intake pipe being at rest its static inertia offers resistance which coupled
with the frictional resistance in entering reduces its pressure (below at-
mospheric). '

As admission progresses the incoming charge receives heat from the
cylinder walls which boosts the pressure; also the slowing down of the piston
velocity as it nears the end of the stroke causes the dynamic inertia of the
incoming charge to further boost the pressure.

Under exceptional conditions, inertia of the charge coupled with heating
could possibly build up a false pressure above atmospheric as indicated at

Ques. What is the amount of error with respect to admis-
sion shown on indicator diagrams and why?

Ans. It is from 4% to 12% greater than the actual delivery
measured by more accurate means, depending upon how much
heat is absorbed by the incoming air due to the style of valve
gear and extent of water heating

Ques. What is the effect of clearance?
Ans. Volumetric efficiency depends upon the clearance vol-
ume in the air cylinder.

Ques. Why?

Ans. The greater the clearance volume the greater the vol-
ume of the cylinder occupied by the clearance air which expands
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, CLEARANCE ,
CHARGE DECREASING

INCREASING

STROKE

EXPANDED AIR
INCREASING

CHARGE DECREASING

Figs. 43 to 46.— Diagrams showing effect of expanding clearance air as the
compression ratio increases.
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and prevents the entrance of free air during the early part of the
admission stroke.
In figs. 43 to 46, the volume of the expanded air in the cylinder is indi-
cated by AB, which as seen increases with the ratio of compression.

This decreases the amount of charge that can be admitted. In the dia-
grams the little loop (solid block) is the sudden drop due to the static in-
ertia of the column of air in the admission pipe at that moment.

Ques. What should be considered with respect to the ad-
mission pipe and why?

/Ins. It should be as short as possible, free of elbows, and if
fong, the size should be increased to avoid frictional losses.

Compression Efficiency.—By definition compression effi-
ciency is: The ratio of the theoretical power required to compress
the amount of air actually delivered to the actual power developed
in the air cylinder as shown by indicator diagrams.

Compression efficiency, according as the theoretical power is

based, may be classed as:

1 Isothermal compression efficiency.

2. Adiabatic compression efficiency.

For convenience the factors may be expressed per 100 cu. ft.
of free air delivered per minute.*

Compression efficiency expressed as a formula is;

- THR
c D.H.P.

"NOTE.— For more information on compression efficiency see Compressed Air Data by F. W.
O'Neil.
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in which

Ec= compression efficiency.
T.H.P. = theoretical horse power.

D.H.P. = delivered horse power, or 1, indicated horse power
at steam cylinder of a steam driven unit, or 2 brake
horse power at the shaft of a power driven unit.

Ques. Upon what does compression efficiency depend?

.4ns. Upon the water jacket and cooling devices.

Ques. What type of compressor is sometimes used prin-
cipally to increase compression efficiency?

.4ns. Multi-stage compressors.

Ques. How is compression efficiency determined with re-
spect to a compression diagram?

Alis. In fig. 47, ABCDE is a diagram as traced by the in-
dicator. Starting at A, draw the isothermal diagram AGCDF
then as indicated by the diagram

Eompressor efficiency = area AGCDF

area ABCDE

NOTE.— A high volumetric efficiency, for instance, does now necessarily imply a high effi-
ciency compressor. As a matter of fact, a lower volumetric efficiency may indicate liberal ports
and valves and consequently very small pressure losses in the compressor, resulting in a high
over-all efficiency.

NOTE.— When compressors were bought and sold on the “swept” volume of the air cylinders,
the volumecCric efficiency was a matter of great importance to the purchaser. Nowadays com-
pressor contracts are usually based on compressor output, and provided that the compressor
yields its full specified output of air, the volumetric efficiency is of little interest tcTthe user. As
long as the purchaser obtains the specified output of air compressed to the required pressure by
the consumption of not more than the specified amount of steam or electrical energy, he ncea
not trouble himself about the volumetric efficiency or any other of the various “efficiencies'
which are so often quoted.
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According to one manufacturer “actual compression curves will follow
the adiabatic curve quite closely as the water jacket has little effect other
than to facilitate lubrication.

Mechanical Efficiency.—By definition mechanical efficiency
is: The ratio of the air indicated horse power divided by the steam
horse power, or the brake horse power in the case of a power
driven machine. That is

For steam driven compressor

, - air indicated horse power
mechanical efficiency = ---------— 't
steam indicatetl horse power

and the mechanical efficiency of a power driven compressor is
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air indicated, horse power )
brake h.p. delivered to compressor shaft

mecHan ﬁaf e?ﬁcﬂency =

Slippage Efficiency.-—By definition, slippage efficiency is:
The ratio of the air actually measured to the apparent volume
accounted for by the indicator diagram.

Expressed as a formula,

Qfippage efficfency = tU€ volume oﬁ_g_i_r__j_
indicated volume of air

Overall Efficiency.—By definition the overall or combined
efficiency of a system composed of two or more elements is:
The product of the efficiency of each element.

In the case of a steam driven compressor the overall efficiency
or

EO0= compression efficiency x mechanical efficiency

In the case of a power driven compressor the overall efficiency
is obtained by multiplying the compressor efficiency by the
mechanical efficiency of the compressor and then by the overall
efficiency of the prime mover including transmission such as
belt idler, etc., from power input direct back to the theoretical
power required.

Example.—In a certain pumping plant as shown in fig. 48, there is a
power pump connected by belt drive to an engine. If the efficiency of various
elements be: Boiler 73%; engine thermal 15%; engine mechanical 95%;
belt drive 98%; pump 95%, what is the combined or overall efficiency?

The product of the various efficiencies listed in the example is the com-
bined efficiency, that is

boiler  engine belt  pump
combined efficiency = .73 X 15 X .95 X .98 X .95 =.0970r9.7%
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Multi-Stage Compression.—The object of dividing the com-
pression of air into two or more stages is to obtain the saving due
to a nearer approach to isothermal compression. As previously
explained for two stage compression the method is as follows:

1 Air is compressed to a certain pressure in a low pressure
cylinder.

2. Discharged into an inter-cooler which reduces the tem-
perature.

Flg. 48.— Diagram of steam plant illustrating method of determining the overall
or combined efficiency.

3. Admitted into a high pressure cylinder compressed and

discharged at high pressure.

Although theoretically there is a gain in multi-stage com-
pression even for low final pressure, the saving in such cases is
sosmall as to be offset by the additional expense involved.

Ques. What is the final pressure range for single stage
compressors?

Ans. From 80 to 100 Ibs. gauge.

Multi-stage compression should be used for higher pressures.
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Ques. State the advantages of multi-stage compression.

Ans. 1. Reduces final temperature; 2, reduces horse power
required; 3, partially removes entrained moisture; 4, increases
volumetric efficiency by reducing clearance expansion loss; 5,
generally reduces maximum piston loads below those which
would be found in a single stage compressor of equal displace-
ment.

Ques. How are the cylinder ratios generally proportioned?

Ans. The cylinder ratios are made such that the final tem-
peratures and mean effective pressures are equal in all cylinders,
and all pistons are, therefore, equally loaded.

Ques. Describe the compression cycle.

Ans. The air compressed in the low pressure cylinder with
a pressure determined by the cylinder ratio, is discharged
through the discharge valves to an inter-cooler where it is split
up into thin streams passing over cold surfaces, whence it is
admitted to the high pressure cylinder. It is there compressed
to a higher pressure, and again reaches a temperature about
the same as that attained in the first cylinder. In two stage
machines, this air will be discharged directly to the receiver
without further cooling unless conditions are such as to render
necessary the use of an after-cooler.

Ques. What is the construction of the inter-cooler?

/Ins. Modem practice involves a nest of tubes through which
cold water circulates and over and between which the"stream
of air passes, complete breaking up and subdivision of the
stream being secured by baffle plates, and the tubes themselves.
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Lossof work due to heatin compressing airfrom atmosphericpressure
to various gauge pressures by simple and compound compression.

Air in each cylinder initial temperature 60° F.

Gauge
Pressure

70
80
90

125
150

300
400
500
600
700
800
900

1400
1600
1800

One Stage

Compression

8 % Isothermal
o ©

32.7
34.7
36.7
41.1
44.8
51.2
61.2
68.7
70.6
80.4
85.0
89.5
93.0
96.1
1028
108.6
113.4
117.5

1220

Adiabatic
Compression

Two Stage

Percentage ot Work Lost in Terms of

Compression

'~ & Isothermal
[ENNN

14.7
16.1
16.9
18.5
201
22
25.7
28.9
31.2
32.8
34.6
35.7
37.1
37.9
40.3
41.5
43.5
44.8
45.8

Adiabatic

S B
o = ; Compression

13.8
14.5
15.6
16.7
18.1
20.5
22.4
23.8
24.7
25.7
20.3
27.0
27.5
28.8
29.3
30.3
31.0
31.4

Three Stage

Isothermal
Compression

©
o

23.2
24.8
25.9
26.5
27.3
27.5

Adiabatic
Compression

o X
o ©

© un
o ©

9.8
10.4
10.9
12.3
14.2
15.4
16.2
10.9
17.6
18.1
18.5
18.8
19.9
20.5
20.9
212

21.5

Four Stage
_5 5
S5 oG
I
L0 <O
4.7 45
6.1 5.7
6.4 6.0
7.3 6.8
7.8 7.3.
8.8 81
9.1 8.4
10.5 9.5
120 107
131 115
141 123
14.9  13.0
16.1  13.8
16.2  13.9
16.6  14.4
16.9 145
177 15.0
18.6  15.7
19.2 101
196  16.4
19.9 165

E. F. Schaefer.
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Saving Due to Multi-Stage Compression.—The table on page
123 (According to Union) gives the percentage of work lost in
the heat of compression in one, two or three stages at various
pressures. In these figures no account is taken of jacket cooling,
nor is any allowance made for certain inevitable mechanical
losses.

Example.—Assume a volume of compresssed air equivalent to 100 effec-
tive horse power is to be delivered at a pressure of 100 Ibs.

Referring to the table in column 2, the theoretical percentage of lost work
in one stage compression is given at 36.7; but because there is bound to be
some radiation of heat, the value of 36.7% will not be found in practice,
and 30% may be assumed as a practical figure under average conditions.
On this basis, it is found that to deliver 100 horse power in compressed air
at 100 Ibs. pressure, by one stage compression, there will be required 130
indicated horse power.

Looking now at column 4 of the table, the percentage of loss in two-stage
compression at this pressure is found to be 16.9%, which is very close to the
figure found in practice. Applying this value, it is seen that to deliver the
equivalent of 100 effective horse power in air at 100 Ibs. pressure, by two-
stage compression, about 117 indicated horse power will be required. In this
case as between single and two-stage compression, there is a direct saving
of 13 indicated horse power or 10%.

Temperature and Lubrication.—If air be compressed in a
single cylinder, from atmosphere, and a temperature of 60°
Fahr. to a final pressure of 100 Ibs. the maximum temperature
will be 484° Fahr. This temperature is manifestly destructive
to common lubricants, and ordinary oils are burned into a
solid gritty coke-like substance, which gives the very reverse
o proper lubrication, unless proper cooling devices are em-
ployed to keep the parts cold. This carbon deposit collecting in
ports and valves may so obstruct and clog them as to cause
leakage and throw an additional load on the compressor.

If, however, the same volume of air be compressed in the
low pressure cylinder to a pressure of 25 Ibs. the highest tem-
perature which can be reached is only 233°, a heat which will
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not leave a deposit or destroy the lubricating qualities of good
joilssuch as should be used in air compressor work.

This air passing through the inter-cooler will be brought back to approx-
imately the original temperature of 60°, and compressed in the second stage,
or high pressure cylinder, from 25 Ibs. to 100 Ibs. Here the maximum tem-
perature will be little, if any, in excess of that in the first stage cylinder,
since the heat of compression is a function of the number of compressions
and is almost wholly independent of initial pressure.

145

14.02

1333
12.66
-12.02

9.8

m3LA LEVEL /&MILE ~  MILEt JMILE. [I'ZMILES SMILES”

fig« 49«— Readings of the barometer in ins. of mercury with equivalents in Ibs. per
sg. inch for different elevations. It should be noted that although ordinarily
*he atmospheric pressure at sea level is taken at 30 in. corresponding to
30 X .49116 = 14.74 lbs. per sq. in. or roughly 14.7 Ibs. there is a standard
atmosphere which as taken by Marks and Davis in their steam tables is defined
as 29.921 inches of mercury or 14.696 Ibs. per sq. in.

In multi-stage compressors, therefore, the conditions of tem-
peratures are seen to be most conducive to thorough lubrication
ofthe pistons and valves tending toward durability and tight-
ness of the working parts with sustained efficiency of the

machine.

Pressures for Stage Compression.—According to one au-
thority single stage compression is used for pressures up to
100 Ibs. Two stage compression for pressures from 80 Ibs. to
500 Ibs. three stage compression for pressures 500 Ibs. to 1000
Ibs. and four stage compression for pressures above 00O Ibs.
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Effect of Altitude on Compression.—The pressure of the
atmosphere is taken ordinarily at 14.7 Ibs. per sg. in. at sea
level. For a rough appreciation it may be assumed that the
pressure decreases Ib. per sg. in. for every 1000 feet of ascent.

Barometer readings and corresponding pressures (lbs. per sqg. in.) for

various elevations are shown in fig. 49, repeated here for convenient refer-
ence.

From this illustration it will be seen that if a compressor be operated at
a greater altitude than sea level (14.7 Ibs. per sqg. in.) the admission air pres-
sure will be proportionately less and additional work is imposed upon the
compressor.

The capacity of a compressor is less at higher altitudes than
at sea level because of the diminished density of air being
admitted and the horse power required under such conditions
less.

However, it should be understood that for equal capacity more horse
ower is required for altitude compression than at sea level. The little table
which follows shows effect of altitude upon capacity and power.

For instance, referring to the table for say, 4000 ft. elevation, the de-
crease in power is given at 6.9% while the loss of capacity is 13%. Thus for
equal performance more power is required for elevation compression than
at sea level.

Effect of Altitude upon Capacity and Power

: : i Decrease in Power

Altitude, in Feet LOSSP%fr%aepnatCIty’ Required, Per Cent
0 0 0.0
1,000 3 i.8
2,000 7 3-5
4,000 13 6-9
6,000 19 10 .1-
8,000 24 13-1

10,000 30 16.1



Classification of Compressors 127

CHAPTER 46

Classification of Compressors

Compressed air is an important factor in practically every
phase of the art of manufacture. That is practically every
industry uses compressed air. In its application it is second
only to electricity.

The rapid development of compressed air appliances has brought about
economical results that are reflected in every field of industry.

As the economical application of compressed air is wholly dependent
upon its economical production, it is apparent that the modem air com-
pressor must embody every refinement in design and construction.

Evidently to meet the multiplicity of applications in the use
of compressed air, many types of compressors have been de-
veloped to adapt them to these varied conditions.

A classification of compressors to be comprehensive should
be made from numerous points of view. Accordingly air com-
pressors may be classed:

1. With respect to the frequency of the cycle, as
a. Single acting
b. Double acting

2. With respect to the nature of the cycle, as

a. Single stage
b. Double stage
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3. With respect to the moving parts, as

a. Reciprocating
b. Centrifugal
c. Rotary ]

4. With respect to duty, as

a. Low pressure; blowers (centrifugal displacement)
b. Medium pressure (single stage)
¢. High pressure (multi-stage)

5. With respect to the drive

a. Direct connected
b. So called “power” driven

6. With respect to the prime mover, as

a. Steam

b. Gas engine
c. Diesel

d. Electric

7. With respect to the placement of the air cylinder or
cylinders, as

a. Vertical
b. Horizontal (straight line)
c. Radial or angle

8. With respect to the number of power cylinders, as

a. Single cylinder
b. Multi-cylinder
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9. With respect to the degree of expansion of the steam
on steam driven compressors, as

a. Simple
b. Compound

10. With respect to the method of cooling, as

a. Water
b. Air

11. With respect to power transmission, as

a. Direct drive
b. Belt drive (Flat V)
¢. Chain drive

12. With respect to number of air cylinders

a. Simplex
b. Duplex
¢ Triplex

13. With respect to nature of installation

a. Portable
b. Semi-fixed
c. Fixed

14. With respect to employing air.power for

a. Rock drills
b. Pneumatic hand tools
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15. With respect to applications

Rock drills
Pneumatic hand tools
Road building

. Trench digging
Quarrying

Mine Prospecting
Tearing up paving

h. Sand blasting

i. Spray painting, etc.

® o0 o

Q =

DOUBLE

SINGLE
ACTING ACTING

FEATHER
WEIGHT
[ineAne VALVES
[RRARRR RN RN
HITHu Ui
ADMISSION DISCHARGE

Figs. 1 and 2.— Compressors 1. Fig. 1, single acting; fig. 2, double acting.
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Ques. What is a single acting compressor?

ins. One in which compression takes place every other
stroke.

SINGLE STAGE

CADMISSION J

Fig. 3.— Compressors 2. Fig. 3, single stage.

Ques. What is a double acting compressor?

Ans. One in which compression occurs every stroke.

Ques. What is a single stage compressor?
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Ans. One in which the compression cycle takes place in a
single cylinder.

Ques. What is a two stage compressor?

yins. One in which the compression begins in one cylinder

TWO STAGE

Fig. 4.— Compressors 3.— Two-stage.

and is completed in a second cylinder, thus dividing the tem-
perature range between the two cylinders and permitting cool-
ing between the cylinders.
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Ques. What is a reciprocating compressor?

4ns. One having a piston arranged to move to and fro—
forward and backward.

Ques. What is a centrifugal compressor?

Ans. One designed to deliver large quantities of air or gas

RFEFTIPRfirATIMG

CENTRIFUGAL ROTARY

Figs. 5 to 7.— Compressors 4. Fig. 5, reciprocating; fig. 6, centrifugal;
fig. 7, rotary.
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at low pressure moved by centrifugal force generated by a fast
revolving rotor.

The proper name for centrifugal compressor is blower.

Ques. What is a rotary compressor?

Ans. One having a vane rotor or its equivalent mounted
eccentrically in a stationary casing.

LOW PRESSURE MEDIUM PRESSURE

CENTRIFUGAL HIGH PRESSURE

Figs. 8to 10.— Compressors 5. Fig. 8, low pressure; fig. 9, medium pressure;
fig. 10, high pressure.
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Ques. What is the distinction between low, medium and
high pressures?

ins. Low pressure is limited to only a few pounds as pro-
duced by blowers. Medium pressures are those produced by
; single stage compressors ranging up to 100 Ibs. High pressures
are pressure higher than 100 Ibs. produced by multi-stage

, compressors.

DIRECT CONNECTED

POWER DRIVEN

PRIME MOVER
Figs. 11 and 12.— -Compressors 6. Fig. 11, direct connected; fig. 12, pew

driven.

Ques. What is a direct connected compressor?

ins. One in which the prime mover is attached direct to
the compressor without any interposed transmission such as

belt, chain, etc.
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Ques. What is a power driven compressor?

Ans. The term power driven compressor is a very objection-
able term for a compressor having a separate prime mover and
connected by suitable transmission such as a belt.

Ques. Distinguish between vertical, horizontal and V

cylinder placements.

Ans. This relates to the position of the cylinder or cylinders
axes with respect to the horizontal.

SINGLE CYLINDER

MULTI -

air compressor
ENGINE

(direct connected)

Figs. 16 and 17.— Compressors 8. Fig. 16, single cylinder; fig. 17, multi-
cylinder.
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COMPOUND

Classification of Compressors

CY-_NoEDQ

oran

—amo

Avertical compressor isone whose
piston reciprocates in a vertical axis.
Ahorizontal compressor is one whose
piston reciprocates in a horizontal
axis a V or radial compressor is of
the multi-cylinder type whose pis-
tons reciprocate at angles to each
other, usually 90°.

See figs. 13 to 15.

Ques. What isthe point about
single cylinder and multi-cylin-
der compressors?

Arts. Thisrelates to the power
end. Where steam is the prime
mover one cylinder (or two if
compound) does the job. Of
course when a gas engine or
Diesel engine isthe prime mover,
owing to their outstanding de-
fect as compared with steam
multi-cylinders are necessary-
three, four, six, and even eight
cylinders are necessary to ap-
proach the performance of a
steam engine.

Ques. How about simple (sin-
gle cylinder) and compound
steam engine drive?
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Ans. Its not a case of getting a smoother turning effect, but
to get better economy that compound or two stage expansion
issometimes used.

The steam engine never has to compete with an internal combustion
engine with respect to smooth turning operation—the internal combustion
engine with its outstanding inherent defect can never equal a steam engine

with respect to the approach to uniform rotary motion, no matter how many
cylinders or how heavy a fly wheel.

WATER COOLED

WATER

7"9.19.— Compressors 10. Fig. 19, wafer cooled.

Ques. What is a water cooled compresssor?

Ans. A misnomer for a compressor whose cylinder is water
jacketed and through which flows a current of cold water which
functions as a transmission medium to carry off some of the heat.

°f compression.
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Ques. What is an air cooled compressor?

Ans. One whose cylinder has cast integral numerous thin
fins to form excess cooling surface exposed to a draught of cool
air which forms the médium to carry off some of the heat of
compression.

Ques. What is a direct connected compressor?

AIR COOLED

Ans. One in which the prime mover is attached rigidly to
the compressor moving element and moves in unison with it
without the interposition of any power transmitting gear such

as belt, etc.

Ques. What is a power driven compressor?
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Ans. A ridiculous term (they are all power driven) for a com-
pressor whose prime mover is a separate unit and connected by
a transmission such as belt, chain, etc.

It’s known as such and nothing can be done about it.
Ques. Distinguish between simplex, duplex and triplex
COmpressors.

Ans. The terms relate to the number of compressor cylinders
whether one, two or three.

Not stage compression, but to cycles which in the case of duplex or triplex
compression take place with a phase sequence of 90° and 120° respectively.

BELT DRIVE

Ques. What is a portable compressor?

4ns. A small unit such as for contractors which is easily
moved from place to place.

Ques. What is a semi-fixed compressor?
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Ans. A unit larger than the portable type where skids are
used in place of being mounted on a truck, the adaptation being
for service where frequent moving is not necessary.

Ques. What is a fixed compressor?

Ans. A compressor mounted upon a permanent base as con-
crete for service not requiring removal from place to place.
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CHAPTER 47

Compressor Parts

The numerous parts of which a compressor is composed may-
be divided into three classes with respect to motion as:

1. Stationary
2. Reciprocating
3. Revolving

The stationary parts are:

1. Cylinder

2. Frame

3. Bed plate
etc.

The reciprocating parts are:

1 Piston

2. Piston rod

3. Cross-head

4. Connecting rod (wrist pin end)
5. Valve

6. Valve gear
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The rotating parts are:

1. Shaft
2. Connecting rod (crank pin end)
3. Crank pin

The Compressor Cylinder.—To meet the varied conditions
under which compressors work in the numerous applications
of compressed air, several types of cylinder have been de-
veloped. They may be classed:

1 With respect to the method of casting as:

a. Separately cast
b. En bloc

2. With respect to the method of cooling as:

running
hopper

3. With respect to the cycle of operation, as:

a. Single stage
b. Two stage

A typical, separately cast water cooled cylinder is shown in
figs. 1 and 2.

In practice and construction the cylinder has walls suffi-
ciently thick for two reborings, and is counter bored at the ends
to prevent the rings wearing a shoulder.

In the design shown the valves are located radially in the
cylinder and the passages are short and direct to reduce fric-
tional resistance and clearance to a minimum.
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Ques. Describe the provision for water cooling.

Ans. Both cylinder walls and heads are water jacketed and
as can be seen in the illustrations, bolted hand plates are pro-
vided on both sides of the jacket for cleaning.

Fig. 3,— Admission valve assembly.

Figs. 4 to 7.— Discharge valve parts. In this construction both admission and
discharge valves as well as the seats and cages are inter-changeable and ae
held in place in the cylinder with a yoke which bears on the outer section of
the valve assembly with a holding down center bolt through the cover.
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Ques. What are “en bloc” or uni-bloc cylinders?

4ns. Two or more cylinders cast integral, that is, all in one
casting.

An example of this practice is shown in fig. 8. Here as will be noticed the
compressor design follows approved automotive practice.

Ques. Describe the hopper cooled system.
o/

ﬁg 8.— Sectional view of a triplex vertical compressor illustrating en block
construction.
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Ans. Thisisanon (external) circulating system. The cylinder
has an open water jacket of considerable volume as shown in

fig- 9.

As stated by one manufacturer the hopper cooled system is suitable for
constant operation up to 100 Ibs. and intermittent operation up to 150 Ibs.
The closed cooling system (that is, the “running” or “circulating” water
system) must be used for constant service of from 100 Ibs. to 200 Ibs. and

Fig. 9.— Hopper cooled cylinder suitable for light or medium duty especially
intermittent operation.

intermittentservice of 150 Ibs. to 250 Ibs. There are some designs not adapted
for such severe duty.

Ques. What is the distinction between “running” and “cir-
culating* water?

Ans. Running water in jackets is water not used over again;
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circulating water is water re-circulated over and over again as
on an automobile system with radiator.

Ques. What is intermittent service at 250 Ibs.?

Arts. Service such as pumping up tanks to 250 Ibs. and then
closing down so that the plant can cool off.

Fig. 10,— Detail of air cooled cylinder head and valve plate. To illustrate the
passage of air through the valves both are here shown open, but in operation
it should be understood that one is always closed.

Ques. What is the construction of an air-cooled cylinder?

m4ns. Numerous fins are cast integral with the cylinder walls
and heads to furnish additional radiating surface to carry off
the heat.

Fig. 10 shows detail of an air-cooled cylinder. The radiating fins on both
cylinder and head are here plainly shown. This particular cylinder is of the
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single acting type with “natural” air cooling. That is to say, no forced
draught is provided as with the induced air cooling system. This latter
system is shown in fig. 11.

Ques. What is the essential features of a two stage cylinder?

Arts. This is a cylinder of special construction equipped with
a step piston, the low pressure being at the top while the high
pressure is formed around the trunk.

Fig. 11.— Multi cylinder compressor illustrating induced (forced araugnv air
cooling. The parts are: 1, connecting rods,- 2, fan; 3, force feed lubrication.

Ques. How does it work?

Arts. The cycle requires three strokes and is shown progres-
sively in figs. 12 to 14. Stroke 1. Admission to first stage;
stroke 2, first stage compression and transfer to high pressure
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1ST STROKE 2ND STROKE

—
l [//

3RD STROKE

Figs. 12 Jo 14.— The two stage three stroke cycle, showing events of each stroke.
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g step piston; stroke 3, second
~ stage compression and discharge
| at high pressure.
B
g The Steam Cylinder.—The
8 part follows steam engine de-
J sign, the valve gear provided
will depend upon the economy
o desired. With respect to the fea-
O ture the valve may be either a
g single valve usually of the piston
T type or one with a riding cut-off
li which permits a degree of ex-
's pansion beyond the range of the
simple valve gear.

Fig. 16 shows a typical steam cyl-
inder designed for piston valve and
fig. 17 the valve and its seat which
in this case is a bushing. The
assembly is shown in fig. 18.

As stated where economical
®E working is required a riding cut-
1 off should be used. There are
e severalriding cut-off gearswork-
J ing on different principles, but
|, the oneemployed oncompressors
is the riding cut-off with variable
lap. This method of riding cut-
off is known as the Meyer gear
and is also largely used on ma-
rir.e engines.

"W ok
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I Ques. How is the riding valve operated?

yIns. By a fixed eccentric and, the cut-off altered by varying
the lap of the riding valve.

Ques. Of what does the gear consist?

Ans. It consists of a main valve and a riding valve, the
latter being divided into two plates or blocks connected by a
right

Fig. 18.— Sectional view of steam cylinder showing piston valve. Piston valves
are balanced and permit the use of high pressure super-heated steam. The
valve here shown is of the inside admission type. Although harder to set than
an outside admission valve, it has the advantage that the valve rod stuffing
box is subjected only to low exhaust pressure.

Ques. What duties are performed by the screw?

Ans. It serves as a valve spindle and as a means of varying
the lap of the riding valve.
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Ques. Why is the riding valve necessary for satisfactory
economy?

Ans. The simple slide valve cannot be satisfactorily designed
to cut off less than one-half and this is not nearly enough for the
economical use of steam.

MEYER

RIDING ADJUSTABLE CUT OFF VALVE
(BY THE METHOD OF VARIABLE LAP)

NEGATIVE LAP.
7i9. 19.— Main and cut off valves of the Meyer adjustable cut off valve gear.
This is known as riding cut off with variable lap.

Ques. With the riding cut-off valve when does cut-off occur?

4ns. When the riding valve is at a distance from the center of
the main valve equal to its lap.

That is, when the steam edge of the riding valve is “line and line * with
the steam edge of the bridge of the main valve. The essentials of the Meyer



156 Compressor Parts

evident that as the cut off is shortened, it
becomes sharper. Figs. 20 and 21 show valves moving in same direction
and fig. 22 valves moving in opposite directions.



Compressor Parts 157

s"C.O.

V2C.0.SETTING

C.O.SETTING

pigs. 23 to 25.— Meyer adjustable siding
cut off gear showing positions of'valves
eccentrics and crank for"m id admission” corresponding to Y\, >2and Vs cut
off setting. It will be noted that for the Vi cut off the port opening is reduced.
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cut-off are shown in fig. 19 and a moving picture of its operation at various
cut-offs in figs. 20 to 25.

Figs. 26 and 27 show actual construction of the piston type riding cut-off
gear and valve seat. The assembly in cylinder is shown in fig. 28.

Air Valves.—While these are strictly not stationary parts,
the seats are and form part of the cylinder assembly. The air

Figs. 26 and 27.— Meyer adjustable riding cut off piston type valve and
"blocks" with view of cylindrical valve seat. The cut off blocks or riding valves
are R and |, threaded to their common valve, the latter being rotated by chain
drive from the governor. Thus under control of the governor, the cut off is
automatically adjusted to vary the speed of the compressor to meet the changes
in load demand.

valves are perhaps the most vital part of a compressor with
respect to efficient working and in their design there are several
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conditions to be met for best operation. 1. The port opening
should be ample. 2. The valve should be as light as possible,
and 3, give proper port opening with very little lift.

Designers have given much thought and time to the subject of air valves
and the results obtained have been worthy of the effort.

Fig. 28.— Assembly in cylinder of the Meyer adjustable riding cut off piston
iype valve shown disassembled in figs. 26 and 27.
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The various types of air valve in general use may be classed as:

1. Finger
Feather

Plate
Ring{SIrashin
Channel

ok~ W

Figs. 29 and 30— Stainless steel finger valves showing cover valves and seat.

Finger Valves.—For light service as in small units at garage
and service stations finger valves are suitable. Figs. 29 and 0
show the construction of these valves. They consist of narrow
strips of stainless steel, fastened to the seat at one end and
free to flex along their length. These valves are used on % to 5
horse power sizes.
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Fig. 31.— Detail of feather valve in cylinder head, showing operation. It con-
sists of a strip of ribbon steel which covers a slightly narrower slot when the
valve is closed. In opening it flexes against a curved guard as shown.

Fig. 32.— Detail of air cooled cylinder head showing feather valves, both in
open position to illustrate the passage of air through them.
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Feather Valves.—This type valve consists of a strip of rib-
bon steel which' covers a slightly narrower slot when the valve

is closed.

In opening it flexes against a curved guard allowing the air to pass on
either side of the valve strip with but very little friction. The assembly is

shown in fig. 31.

Both admission and discharge valves are shown in fig. 32.

Figs. 33 to 35.— Parts of feather valve. Fig. 33, valve in guard; fig. 34, valve;
fig. 35 cover.

From figs. 33 to 35 it will be noted that the complete valve element con-
sists of three parts: 1, valve; 2, seat, and 3, guard. Fig. 33 shows the valve
in the guard, fig. 34, valve and fig. 35, seat.

In operation, when opening, the valve makes contact along the curved
surface of the guard instead of a direct impact.

Plate Valves.—These valves also known as Rogler valves
have a stop plate and are fully described on pages 340 to 344.
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Ring Disc Valves.—The valve proper consists of annular
rings stamped out of thin alloy steel as shown in fig. 37. One
type of valve of this class is cushioned by special springs. Its
general appearance is shown in fig. 36 and its operation in the
diagrams, figs. 37 to 39.

Although the valve parts are circular the diagrams have been
made in plane or developed for better illustration. The annular
valve spring has a number of equally spaced flexures or waves
as has also the reaction plate. The reaction plate has two
waves for each wave of the valve spring as shown in fig. 37.

Here the valve is shown closed and the valve spring resting
against the bottom of alternate reaction plate waves.

Unsupported length or effective lever arm of the valve
spring is indicated by X.

In operation as the valve begins to open, fig. 38, because of
the pressure difference on opposite sides, the valve spring begins
to flatten and its reaction points on the reaction plate change
from the bottom of reaction plate waves to points along the
upward slopes.

On further opening of the valve as in fig. 39 the spring continues to roll
up the slopes of the reaction plate waves. The unsupported length of the
valve spring or its effective lever arm has now shortened from the original

. . X
distance X to a distance  or half as much.

The result is that the stiffness of the valve spring becomes approximately
twice as great after the valve has opened part way as it would have been
were the wave type reaction plate absent.

Note.— Valve wear may be said to be in proportion to the pressures under which the
valve operates. It is not a question here of allowable wear; a replacement is made as soon
as conditions indicate the valve is not functioning properly. The practice is sometimes
followed of periodically changing all the discharge valves to prevent an excessive number
of shut-downs. This is done in severe sendee where deposits and the service permit the
proper functioning of the valves for a comparatively short period ot time only.
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The object of this design is to offer slight resistance to valve at beginning
of its opening movement, but to provide great cushioning effect as the valve
approaches the end of its lift.

Channel Valves.—This type of valve has been designed for
heavy duty service. The parts are shown in figs. 40 to 43,
They are fig. 40, cover; fig. 41, valve spring; fig. 42, channel
valves, and fig. 44, valve seat.

Fig. 36.— Ring disc valve with dual cushion springs,

Operation of the valves is shown progressively in figs. 44 to 46, and is
explained with the illustrations. The valves and springs are made of stainless
steel.
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The Frame.—This part of the compressor should be of ample
proportions with metal properly distributed to secure the maxi-
mum strength and rigidity. There are numerous types of frame
depending upon the type of compressor. One pattern is shown
infig. 47. Evidently this is for a steam driven compressor with
overhanging steam and air cylinders.

VALVE seat

VALVE SPRING
REACTION PLATE*
VALVE GUARD

valve seat-
VALVE-

valve SPRING-
Reaction plate-

VALVE GUARD-

VALVE

VALVE - .......
Reaction
VALVE

figs. 37 to 39.— Diagrams showing operation of the ring disc with dual

cushion springs.

It is extended to the foundation in the form of a broad liberal
support reaching its entire length. The cross head guides are
bored at the same setting as the fitting for the cylinder.

The frame with its covers form a closed chamber with a quantity of oil
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CHANNEL VALVES
AND PARTS

Figs. 40 to 43.— Channel valves and parts. Fig. 40 cover; fig. 41, springs; fig-
42, channel valves; fig. 43, valve seat.
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in the basin below the crank, into which the crank and connecting rod dip
at each revolution.

Another frame of the oil tight type is shown in fig. 48. These
frames virtually combine frame and bed plate. Fig. 49 shows a
frame for a large vertical compressor with bed plate separate.

FT

1 VALVE CLOSED

Note air-cushion space
betwoen spring and
channel.

2 PARTLY OPENV

Valve lifts, spring
stialgliiens, air is trap-
ped, cushion forms.

3 WIDE OPEN

Valve channel has
floated to stop on air
cushion. No impact.

Figs. 44 fo 46.— Operation of channel valves.
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Fig. 47.— lypical frame of the box pattern.

Fig. 48.— Another frame oil type showing main bearings and covers.
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Bed Plate—As just stated on large compressors the bed plate
is a separate casting. Fig. 50 shows a typical design which is in
fact the bed plate for the frame shown in fig. 49.

Fig. 49.— Main frame of a in which the base (bed plate) is a

separate casting.

In construction, heavily ribbed cross members are provided to support
each of the main bearings. There is a deep sump under the strainer plates

to act as a lubricating oil reservoir.

The Piston.—With all the different types of compressors
there are numerous forms of pistons. They may be classed.

1. With respect to the cycle frequency as.

c. Single acting
b. Double acting



Compressor Parts

170

pue

Jeam  anpun

juanaid @ 9oeuns

‘abexes) 1uanaid a sbBuu Jo Jaguinu JuaIdYNS
Buueaq,a1enbape ae ssassod pnoys uoisid B yowym samend



Compressor Parts

2y

T

i3

171



dowel pin seen on the tapered end; this fits in the groove. This
cross head is of the double gib type.

Fig. 55.— Crank shaft with single acting pistons and connecting rods assembled,
illustrating ball bearings for main bearings.

Figs. 56 and 57.— Box type cross head with its wrist pin
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The piston rod is attached to the cross head by threaded joint and two
piston rod nuts permitting close adjustment of the piston and clearances in
the cylinder.

Connecting Rod.—The to and fro or reciprocating motion
of the piston is converted into a rotary motion by the connect-
ing rod which joins the cross head to the crank. The connec-
tion is made by the wrist and crank pins for which there are
suitable bearings at the ends of the rod.

Pigs. 58 to 60.— Single slipper type cross head showing wrist pin and piston
rod joint construction.

Ques. How long are connecting rods?

Ans. The length measured between the wrist and crank pin
centers is usually made from 2 to 23' times the length of the
stroke.

Thurston says the longer proportion gives a long and easy working rod
and the former a rather short but yet a manageable one.

Ques. Mention an inherent defect of the connecting rod.
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Arts. Its “angularity” distorts the motion of the piston.

Ques. What is the nature of this distortion?

Ans. Starting at the beginning of the forward stroke, the
inclination or angularity of the rod with respect to the cylinder
axis causes the piston to move somewhat more than half its
stroke while the crank is moving the first quarter of its revolu-
tion, somewhat less than half stroke during the second and
third quarters and again somewhat more than half stroke during
the fourth or last quarter of the revolution.

Fig. 61.— Diagram showing the effect of the angularity of the connecting rod.
For equal crank pin movement from each end of the stroke, the angularity
of the rod causes the piston to travel further on the forward stroke, than on
the return stroke.

The effect of the angularity of the connecting rod is shown in fig. 61.
Ques. What other name is given to the angularity of the rod?
Ans. It is sometimes called obliquity of the rod.

Angularity is the preferred word.

Ques. Upon what does the amount of distortion of piston
movement depend?

Ans. Upon the length of the connecting rod.
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The shorter the rod the greater the distortion.

Ques. How are the rod ends made?

Ans. They may be solid or built up.

Ques. What are the various arrangements for adjusting the
brasses to take up wear?

LITTT

Ni9s. 62 and 63.— Solid end with block adjustment. The paris are: A, B,
brasses, A being provided with flanges C, D; E, adjusting block or wedge/
G, adjustment bolts which retain the block in the desired position.

dirts. Adjustment may be provided for by means of 1, blocks;
2, bolts, or 3, gibs and cotters.

Pigs. 62 and 63 show a solid end with block adjustment. A rectangular
slot is cut in the enlarged section in which is inserted the brasses A and B,
having suitable flanges, C and D, to retain them in the slot. A wedged
shape block E is fitted to slide upon B, thus bringing A and B closer
together and reducing the size of the bearing. Two bolts, F and G, are
threaded in the ends of the block to secure it in position.
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To adjust: The bolt F is first loosened and then G tightened to the
desired amount. The block is then locked in place by tightening F.

Ques. What is a “gudeon”?

Arcs. An obsolete name for a wrist pin.

Fig. 64.— IHatchet” type connecting rod permitting easy removal of the brasses.

Fig. 65.— Connecting rod type with removable end. The sepa-
rate piece removable by taking out the end bolts. The easily
accessible. The rod is provided with block adjustment.

The Valve Gear.—BYy definition the valve gear is: The mecha-
nism or combination ofparts by which a reciprocating or to and fro
motion is imparted to the valve from the rotary motion of the
shaft. The simplest form of valve gear corresponding to the
type employed on direct connected steam units consists of:

1. Yoke
2. Stem
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Guide

Rocker lever (on some gears)
Eccentric rod

Eccentric strap

7. Eccentric

These parts are shown assembled in fig. 68.

Sk w

Ques. What is the valve yoke?

4ns. By definition a yoke is a frame or clamp for holding
the parts of a machine in place.

ON PISTON

PRESSURE"'
ON GUIDE

iGUIDE CRANK

Fig. 66.— Parallelogram of forces showing the two component forces at the cross-
head due to the thrust of the piston. By means of this. dlagram the pressure on
the guides and on the crank pin can be obtained.

PISTON

PISTON ROD CRANK

GUIDE

Flg. 67.— Parallelogram of forces showing the two component forces at the
crank pin. By means of this diagram the tangential force or “turning effect”
can be obtained for any crank position.



*STEM,OR
SPINDLE

Hii; i frti riffiii 5ET SC*EW ]
Fig, 68.— Simple form of valve gear, consisting of eccentric, eccentric strap,
eccentric rod, pin, guide, stem or spindle with adjustable end, and yoke-
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Specifically, the rectangular frame which fits over the box like portion of
the slide valve and to which the spindle is attached as shown in fig. 60.

Here the fit between the valve and yoke is such that the valve is free to
move in the yoke to adjust itself to the seat. At A,is a slight enlargement to
receive the valve stem.

Ques. Describe the valve stem.

YOKE

VALVE

Fig. 69.— The valve yoke, or rectangular frame which embraces the box shaped
section of the valve, and to which the valve stem is attached. The valve is
shown in dotted lines to indicate the position of the yoke.

ins. The valve stem or “spindle” is usually made of steel and
serves to transmit the motion of the eccentric rod to the valve.

A typical valve stem is shown in figs. 70 and 71.

Ques. What relieves the valve stem of lateral thrusts due
to the angularity of the eccentric rod?
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Ans. An offset piece which connects the stem and eccentric
and having suitable bearing, is provided such as shown in fig. 72.

Ques. What is an indirect rocker lever?

Ans. One interposed between valve stem and eccentric rod
in the case of indirect valve gears where the valve stem and
eccentric rod move in opposite directions, as in fig. 73.

is the function of the eccentric rod?

Fig. 72.— Type offset pin.
Ans. It transmits motion from the eccentric to the valve

stem and at the same time changes rotary motion into recipro-
cating motion.

Ques. How is it constructed?

Ans. It maybe either round or of rectangular section. A simple
form of rod if shown in fig. 74 with the end connection indicated

by dotted lines.
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Ques. What modification is made when the rod is placed
outside the fly wheel?

/ins. A pin is used in place of an eccentric, if the rod be con-
structed as in fig. 75.

The Eccentric and Strap.— By definition, an eccentric is: A
disc having its axis of revolution out of its center offigure.

Fig. 73.— Engine with indirect valve gear. An indirect rocker fulcrumed at A,
is used in place of an offset pin. The valve stem is attached at B, and the
eccentric rod at C. To allow for side motion due to the rocker, a flexible joint
is provided at S.

In construction, it is the equivalent of a crank pin which is
so large in diameter that it embraces the shaft to which it is at-
lacked and dispenses with arms.

Ques. What duty is performed by the eccentric?

Ans. Its object is to change rotary motion of the shaft into
reciprocating motion, transmitting to the valve stem.
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Ques. What is the throw of the eccentric?

.4ns. Twice the eccentricity or the amount of the recipro-
cating motion produced.

The throw is equal to the diameter of the circle described by the center
of the eccentric as it revolves around the shaft—not half this distance as it
is sometimes ignorantly called.

Ques. What is the angular advance of an eccentric?

ECCEN
A THE

Fig. 78.— Comparison of eccentric and crank. An eccentric is equivalent to a
small crank whose arm O'E"' is equal to the distance O E between the center
of the shaft, and the center of the eccentric. This distance is the eccentricity,
orone-half the throw. Sometimes ignorantly called the throw.

Ans. The number of degrees the eccentric must be turned
forward from a position at right angles to the crank to give
the valve its linear advance, that is an amount equal to outside
lap + lead, when the crank is at the beginning of the stroke.

Angular and linear advance are illustrated in figs. 79 and 80.
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Ques. What is lap and what is its object?

~Mns. It is that portion of the valve face which overlaps the
steam port when the valve is in its central or neutral position.

NEUTRAL POSITION OF VALVE

LEAD

PATH OF'ECCENTRIC CENTER

Figs. 79 and 80.— lllustrating linear and angular advance. When the crank is
on the dead center, and the eccentric set 90° ahead, the valve should be in
its neutral position as shown in fig. 79. The valve, however, when the engine is
on the dead center, must be at a distance (M M"', fig. 80) from its neutral
position equal to the lap + lead or in its position of linear advance. The
eccentric then must be turned ahead through an angle A O A, its angular
advance, sufficient to move the valve to its linear advance position M'.

Its object is (outside lap) to shorten the cut off and (inside
lap) to increase the compression. See fig. 81.
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steam

Fig. 81.— The plain D slide valve showing "lap." A B is the outside or steam
lap,- C D, the inside or exhaust lap. The figure also illustrates the neutral
position of the valve.

Flg. 82.— Built up crank shaft. The crank pin is carried by a disc which is counter-
balanced. Hydraulic pressure is used to force the pin and shaft in place.
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The Crank Shaft.—The reciprocating motion of the piston
is converted into rotary motion by the crank shaft. The three
essential elements of any crank shaft are:

1. Shaft
2. Crank arm
3. Crank pin

Figs. 83 io 85.— Construction of a forged center crank shaft. Fig. 83 shows the
rough forging. It is first placed in a slotting machine which removes the
between the crank arms, as in fig. 84, and then turned in a lathe and finished
as shown in fig. 85.

Fig. 86.— Center crank shaft with bolted counter weights.
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Fig. 87.— Built up crank shaft with arm type cranks for a cross connected two
stage compressor direct connected to compound steam end. Note the four
eccentrics, two each for Meyer gear of each cylinder. The chain sprockets for
governor are also seen.

Fig. 88.— Articulated connecting rods of three cylinder compressor assembled
to one throw crank shaft. Note the roller main bearing.
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Crank shafts may be classified:

1. With respect to number of cylinders served as:

a. Single throw
b. Multi-throw

2. With respect to method of construction, as:

a. Built up
b. Solid

3. With respect to balancing as:

a. Non-counter weights
b. Counter weights

4. With respect to the position of the crank pin, as:

a. Center crank
b. Outboard

5. With respect to the form of the crank, as:

a. Arm
b. Disc

Fig. 82 shows a built-up disc outboard type crank shaft and
figs. 83 to 85, the construction of a forged center crank shaft.
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CHAPTER 48

Compressor Types

In the preceding chapter each part that goes into the make
up of a compressor is explained and illustrated at length. It
remains to show all these parts assembled, that is, the complete
compressor as variously constructed to meet different sendee
conditions.

The fundamental types are here shown “in the metai” that
is by external and sectional views from which the general ap-
pearance of these machines and their construction can be seen.

In this chapter there will be no duplication of the elementary
or skeleton diagrams of Chapter 46, but frequent reference will

by made to these elementary drawings.

Single Acting Compressors—For small units where com-
pactness is not of prime importance, single acting compressors
are largely used. They are made in many types such as air or
water cooled, single or multi-cylinder, one or two stage, etc.

Fig. 1 shows the inside of an air cooled single cylinder one stage com-
pressor direct connected to electric motor drive. The notation gives con-
siderable information about the construction.

Fig. 2 shows a two cylinder 2ir cooled single stage compressor with

induced draught—note the fan in the fly wheeL The "racial type'_three
cylinder air cooled compressor is shown in fig. 3. A two stage smg.e cyficdev

water cooled compressor is shown in fig. 4.



Compressor Types

192

J1108]9 O PaYBUUOD 108JIp Jossaldwod dbels SPuIs Pajood e IBpUlAd aUD [BOIIBA

uieed  20|qOUOIAl



Compressor Types 193

Double Acting Compressors.—Of course a double acting cyl-
inder is more compact than single acting, and accordingly for
larger capacities double acting cylinders are used as for a given
capacity they take up less room than the single acting type.
See Chapter 46, fig. 2.

Fig. 5 shows a horizontal double acting water cooled single
stage belt driven compressor. The sectional view plainly shows

Fig. 2.— Two cylinder single stage induced draught air cooled compressor. Note
cylinders placed at 90 ' which gives better load distribution.

construction of cylinder details such as water jackets, place-

ment of valves, etc.

Compressors of this class are ordinarily made in sizes with
compressor cylinders ranging from 63" X 7 to 20 X 13 ins.
Evidently with belt drive any kind of prime mover may be
used as mav be best suited to the conditions. See Chapter 40,
fig 12.

Of course belt drive take3 up more room than a direct connected unit
‘and where space is limited a direct connected unit is installed. Here chofoe
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is not limited to any particular prime mover as compressors are direct
connected to steam engines, internal combustion engines, electric motors,

etc.

Fig. 1 shows the direct connected electric motor drive. The
same compressor end as was shown in fig. 5 is here shown,
fig. 6, direct connected to a steam end.

Fig. 3.— Three cylinder "radial type" single stage air cooled compressor.
1, connecting rods; 2, cooling fins; 3, wrist and crank pins.

There is a common piston rod for both steam and air cylinders; this is
known as a “tandem” hook up in distinction from the cross connected
arrangement later shown. See Chapter 46, fig. 11.

Another tandem unit which looks like fig. 6, but is quite
different is shown in fig. 7.



Compressor Types 195

Fig. 4.— Vertical single cylinder step piston two stage water cooled compressor
c hi coupled belt connection to electric motor. Note the idler g.vmg belt

tension and increasing the arcs of contact.

Fig. 5. -Horizontal single stage wafer cooled compressor for belt drive.
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This is a belt drive two stage
machine with inter-cooler (all
two-stage compressors have
inter-coolers). The actual ap-
pearance of this compressor with
belted electric motor drive is
seen in fig. 8.

A machine very similar to
E the one just described is.
| shown in fig. 9.
ii This compressor is of the
8 three-stage two-cylinder type.
° The working of this interesting
cycle is shown on page 151
Note the external appearance
as seen in the accompanying
illustration, fig. 10.

In general, two stage com-
-g pressors are designed for
8 continuous heavy duty ser-
| vicein supplying air at from
* 150 to 500 Ibs. pressure.

Three stage compressors
are designed for continuous
extra heavy duty service in
supplying air at from 500 to
2500 Ibs. These units are
used wherever high pressure
air or gas in small quantities

I* is required for process work.
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_Inter and after coolers as well as other auxiliary apparatus are explained
in later chapters.

Ques. What isthe principal advantage of a duplex machine?

Ans. By properly timing the events of the two pairs of
cylinders the load is equalized to a considerable extent.

pigs. 16 and 17.— Elevation and plan of direct connected compound steam
driven ("four corner") two stage water cooled compressor showing general
arrangement and oiling system.
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Ques. How are they timed?
4ns. By setting the two crank pins at 90°.

The result is shown by the indicator diagram, fig. 22. The diagram shows
that as the load on one air cylinder is increasing, the load on the other

Fig. 18.— General appearance of direct connected compound steam driven
("four corner") two stage water cooled compressor.

cylinder is decreasing. This tends to equalize the load at different points of
the stroke.

Ques. What advantage in operation is obtained?
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Ans. The phase difference in the two air cycles makes it
possible to run at lower speeds.

Ques. What other advantage is obtained?

Figs. 19 and 20.— Straight line double cross head and tow rod construction
with detail of the power cross head for the unit shown in figs. 16 to 18.
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Ans. Increased cost of construction and installation and up-
keep due to the greater number of parts. Moreover friction is
greater for a duplex compressor as compared with the tandem
machine for the same capacity.

Ques. What other method is employed to obtain a 90° phase
difference between the cycles of two stage compression?

Ans. Instead of placing the cranks at 90°, the cylinders may
be placed at 90°.

Diesel Engine Driven Compressors.—Where fuel economy
is of primary importance for independent or isolated compressor
plants, or when existing power facilities are overloaded, the
Diesel driven compressor forms a desirable unit.
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CHAPTER 49

Inter and After Coolers

1.
INTER-COOLERS

By definition, an inter-cooler is: A species of surface condenser
or economizer placed between the two cylinders of a two stage com-
pressor so that the heat of compression generated in the first stage
cylinder may be removed from the air as it passes through the

inter-cooler to the second stage cylinder.

The heat of compression is accordingly the reason for both inter- and
after-coolers.

Ques. Why?

Ans. Because the pressure of a gas increases with rise in
temperature and this excess pressure results in a waste of
power in compressing a gas.

Evidently the primary function of an inter-cooler is to conserve power by
reducing through cooling the volume of air or gas before it enters the second

stage.

Ques. What is the approximate saving?
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Ans. Roughly each 10° Fahr. decrease in temperature be-
tween stages results in 1% saving in power output.

* Ques. Mention another favorable result obtained by inter-
cooling between stages.

Ans. Since it reduces the maximum temperature in the sec-
ond stage cylinder better cylinder lubrication is obtained which
minimizes valve troubles.

Ques. What objectionable action is brought about by inter-
cooling?

Ans. Cooling causes condensation of some of the moisture
passing through the inter-cooler.

Ques. How is the condensation disposed of?

Ans. A separator with float valve ejector is provided to get
rid of the condensate.

Ans. What would happen if the condensate passed into the
second stage high pressure cylinder?

Ans. It would wash away lubrication and induce rapid wear.

Two Stage Compression Cycle with Inter- and After-Coolers.
—Fig. 1 shows an elementary two stage compressor with both
inter-cooler and after-cooler, also all the auxiliary apparatus.

Referring to the elementary drawing, free air is compressed
in the low pressure or first stage cylinder to a moderate pres-
sure and discharged at A, into the inter-cooler where the heat
of compression is carried away by the cooling or circulating
water which flows from the circulating pump through the inter-

cooler cooling tubes.
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In this passage short circuiting is prevented by the series of baffle
plates.

Passing out of the inter-cooler at B, the air at moderate
pressure enters the high pressure or second stage cylinder and
is then compressed to high pressure being discharged at C, into
the after-cooler at D, wherein the heat of the second stage
compressor is abstracted in precisely the same way as in the
inter-cooler, the circulating water connection being clearly
shown.

The highly compressed air now leaves the after-cooler at E,
and passes to the separator.

The construction of this device as shown, causes the current of compressed
air to suddenly change its direction 180°, thus causing any moisture or slugs
of water that may be in the air to be hurled to the bottom of the separator by
centrifugal force.

Thus freed of any condensate, the dry air leaves the sepa-
rator at F, and enters the receiverat G, wherein it is stored at
the working pressure and is discharged through the outlet H,
to perform various kinds of work such as driving rock drills,
engines and all kinds of pneumatic tools.

The numerous arrows in fig. 1 show:

1. Course of air in traversing the apparatus.

2. Direction of piston movement at the instant depicted.

3. Direction of water flow; a, through the cylinder jackets;
b, through the inter-cooler, and c, through the after-
cooler.

The cycle may be briefly stated as follows:

1. First stage compression.
2. Cooling by inter-cooler.
3. Second stage compression.
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4. Cooling by after-cooler.
5. Separation of condensate by separator.
6. Storage in receiver.

Ques. What should be noted about temperatures?

yfns. The final temperature in each cylinder will be the same
if the work has been divided equally and the inter-cooler prop-
erly designed.

It will be very much lower than it would be if the compression were done
in one cylinder.

For instance, in compressing air to 100 pounds pressure in a two-stage
compressor, the air is compressed from atmospheric pressure to, say, 2614
pounds in the intake cylinder and is delivered to the inter-cooler at this pres-
sure and at 240° Fahr.* (atmospheric temperature at 60° Fahr.). If all of
the heat of compression be taken out by the inter-cooler, it is admitted to the
high pressure cylinder at atmospheric temperature and is there compressed
from 2 6 pounds to 100 pounds and delivered to the receiver at 240° Fahr

In a single stage compressor the air is compressed from atmospheric
pressure to 100 pounds in one cylinder and reaches the receiver at 482°
Fahr.*

Ques. What difficulties are encountered in an attempt to
cool the air in the cylinder?

4ns. There is not sufficient time during the stroke to thor-
oughly cool the air by any available means.

Water jacketing is the generally accepted practice, but it does not by
any means effect thorough cooling.

The air in the cylinder is so large in volume that but a fraction of it is
brought in contact with the jacketed parts. Moreover air is a bad conductor
of heat and accordingly requires time to change its temperature.

Again the piston drives it away from the jacketed surfaces so that the
cooling effect is greatly reduced. This is especially true of large cylinders
resulting in less cooling than with small cylinders.

"NOTE.— Radiation anti cooling Influence of water jacket not considered.
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Ques. What stabilizing effect has the inter-cooler?

Ans. The large receiver volume, formed by the inter-cooler
and the connecting piping, results in a nearly uniform dis-
charge pressure from the low pressure cylinder.

Ques. How are inter-coolers mounted?

Fig. 9.— Belted compressor with under-mounted inter-cooler.

Ans. Compressors of 1200 cu. ft. capacity and larger have
their inter-coolers mounted directly over the air cylinders. The
inter-coolers of smaller machines are usually arranged under-

neath the cylinders.
Fig. 9 showsp compressor with under-mounted inter-cooler.
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2
AFTER-COOLERS

By definition, an after-cooler is: A species of surface condenser
in which compressed air is cooled after compression.

00 0 O O

Fig. 10.— Air moisture chart. See accompanying text “ After Cooling Principles."

After-Cooling Principles.—All free air and all manufactured
gas contain varying amounts of moisture in the form of water
vapor. The temperature and volume, and not the pressure,
determine the moisture capacity of air or gas. This capacity
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Example.—Saturated air at 80° at compressor intake (0 Ib. gauge)
contains 1.57 Ibs. of moisture per 1000 cu. ft. Compressed to 100 Ibs. and
cooled to 80° with 65° water, the air holds only 0.20 Ibs. per 1000 cu. ft. or
13% of the water vapor originally taken into the compressor. The rest has
been condensed in the inter-cooler (if used) and the after-cooler. On this
basis for a compressor of 1000 cu. ft. per min. capacity nearly 10 gallons of
water per hour will be condensed. The advantages of after cooling are
therefore evident.

Air cooled to within 15° Fahr. of incoming cooling water temperature is
considered good practice. Any attempt to secure a lower air temperature
(with the same water temperature) requires a much larger and more ex-
pensive cooler, and increases water consumption. These disadvantages
more than offset the gain in extra condensation.

For example, note that 87% of the original moisture has been removed
by cooling the air back to 80° Fahr. If the air had been cooled to 70° Fahr.
instead of 80° Fahr., about 92% of the original moisture would condense, a
gain of only 5% in the total condensate. -

After-Cooler Construction.—When water is used as the cool-
ing medium, air may flow:

1 Through the tubes, or
2. Outside the tubes

Fig. 13 shows a cooler known as a pipe line after-cooler in
which the air passes through numerous tubes, being divided
into thin streams.

" In this small diameter long length tubes of proper velocities are developed
for high heat transfer to the surrounding water. At the right end is seen the
separator which is an important part. Fig. 14 shows a two-stage after-cooler
in which the cooling water flows through the.tubes and the air outside the
tubes.

In this two-stage cooling warm inlet air or gas in the first stage shell is
cooled by water discharged from the second stage. This permits final cooling
in the second stage tube nest which is supplied with cold inlet water.

Ques. How are pipe lines affected by moisture?
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Separators.—After passing through the after-cooler, the air
must be freed from moisture. This is done by passing it through
a separator as has been explained, centrifugal force doing the
work. Sometimes the separator forms part of the after-cooler
and sometimes it is a separate unit. Figs. 17 and 18 show inter-
nal and external views of a typical separator.

Fig. 15.— Exterior view of after-cooler. If consists of an crrangement of double
coil, copper tubes, one inside another. Water is circulated through the outside
tube, and the compressed air passes through the center tube in the opposite
direction. These after-coolers are suited for tank mounted compressors as in
fig. 16.

Receivers.—After compressing to the final pressure, the air
passes from the separator into the receiver or tank which pro-
vides a storage reservoir.

Ques. What are the main uses of a receiver?
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~Mns. To reduce pulsation and provide adequate air storage
capacity.

They do, however, provide additional advantages in the supplementary
values of cooling the air and separating the moisture and lubricant from
the air.

Fig. 16.— After-cooler on tank-mounted compressor.

Ques. Mention an advantage of adequate receiver capacity.

Ans. It insures maintenance of efficient air pressuies when
momentary demands are excessive.
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Figs. 17 and 18.— Inferior and exterior views of separator. Fig. 18 shows after-
cooler with pressure gauge, cooling water and condensate drain.
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Fig. 19.— Typical receiver.
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Ques. When is large receiver capacity recommended?

Ans. When automatic start and stop control is used on the
compressor.
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CHAPTER 50

Regulating Devices

In the many applications of compressors a fundamental re-
guirement is to maintain a constant pre-determined pressure
in the receiver, regardless of demand variations.

Numerous methods of control have been developed to meet

this requirement. They may be classed:

1. With respect to speed

d. Constant
b. Variable
c. Start and stop

2. With respect to the steam end (on steam driven com-

pressors)

a. Throttling governor with non-adjustabla cut-o:.
b. Throttling governor with hand adjustable cut-c.,
¢. Variable cut-off governor

3. With respect to the air end

a. Free air unloader
b. By-pass unloader
c. Variable clearance
d. Dual
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Constant Speed Governor Control.—Although the usual
function of a governor on a steam engine is to maintain a con-
stant speed, but as applied to a compressor it functions to main-
tain a pre-determined constant pressure by varying the speed
of the machine. This may be done automatically,

Fig. 1.— Steam throttling governor.

1. By throttling the steam' supply.
2. By varying the cut-off.

Steam pressures in any steam plant vary more or less and accordingly
this of itself will vary the speed of the unit. Therefore, a second and no less
important function of regulation is to maintain the speed of the compressor
at a predetermined rate regardless of fluctuations in steam pressures.
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Throttling Governor Control.—A throttling governor with
non-adjustable cut-off valve is used on the smaller machines
because of the small capacities and low power involved.

Also where economy is of secondary consideration, or for
other reasons, a throttling governor with hand adjusted cut off
is suitable for large size units. A governor of this type,is shown
in fig. 1. As explained the governor controls the speed of the
machine by throttling the steam supply.

In construction, referring to the illustration, the valve A itself is of
the sleeve type which is rotated by the governor weight linkage B. A fine
graduation of steam control is obtained by the V shaped ports in this
sleeve valve.

Movement of the governor weight C, is accomplished by varying the
pressure of the oil under the plunger D. Speed changes to meet varying
demands on the compressor output or compensation for varying steam
pressure, is accomplished exactly as in the cut-off governor, except that the
governor throttles the steam instead of adjusting the cut-off.

To obtain maximum economy for average conditions with this governor,
the valve gear cut-off adjustment can be altered manually while the
machine is running.

The safety stop is built into the throttle valve body. It is of the same type
as the throttle valve and rotates within it. However, its operation is entirely
independent of the speed controlling throttle valve.

A fly ball type governor is used on large units.

Variable Cut-Off Governor Control—The type valve gear
used with this method of control is the variable lap, or Meyer
riding cut-off. See' Chapter 47. On page 154 is shown a Meyer
riding cut off gear of the piston valve type.

The principles of the variable lap gear are fully explained in
pages 155 to 157. On units equipped with this automatic cut off
the rotation of the cut off valve stem, which changes the cut off
and thus varies the speed of the compressor, is accomplished,
as shown in fig. 2, by the raising or lowering of the rack and
weight B, which is a part of the governor.
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Movement of this weight is accomplished by a change in the pressure of
the oil under the plunger. The amount of this pressure variation is a resultant
of two separate methods of regulation acting simultaneously.

The oil is supplied by means of a pump A, chain driven from the main
shaft, which produces a flow cf oil under pressure acting against the governor
plunger.

Fig. 2,— Steam cut off governor.

Any variation in steam pressure tending to change the speed of the
compressor is at once reflected in an increase or decrease in this oil pressure,
causing a movement of the weight and rack which rotates the throttle or
cut-off valve rod in such a way as to restore the required speed.
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Variations in the demand for air or gas also affect this oil pressure by
means of a diaphragm operated valve D, which by-passes a portion of the
flow of oil. The diaphragm is connected to receiver pressure.

The change in oil pressure, which is affected by these two distinct
methods of regulation acting in unison, control the speed of the unit
according to the load demand and compensates for varying steam conditions.

The governor is connected with the riding cut-off valve stem by chain
transmission as shown in fig. 3.

Fig. 3.— Connecting transmission or drive between riding cut off valve steam
and governor. As seen it is a chain drive.

Ques. How does the governor function to facilitate starting?

yfns. It is necessary to lengthen the cut off and thus obtain
the necessary torque for starting. It automatically adjusts the
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cut off of the steam valve for starting, then returns it to the
proper operating position as soon as the machine is up to speed.

Ques. What provision is made to prevent over speeding?

4ns. In the event of accidental damage to the governor over
speeding is prevented by an independent safety stop valve.
This must be reset each time the machine is shut down, and thus removes

the possibility of sticking which might be caused by infrequent need or use
of such a device.

Automatic Start and Stop Control.—This type of control is
provided when the demand for air or gas is intermittent. The
compression either operates at full capacity or is shut down,
the motor being automatically started and stopped by a pres-
sure switch. When no air is being used the compressor is at a
standstill and consumes no power.

Ques. What important device operates as the compressor
slows down?

Ans. A regulator unloads the cylinder and shuts off the cool-
ing water.

Ques. How long is this condition maintained?

Ans. Until the motor is started and again running at full
speed. This results in a saving in electric current and cooling
swater.

Dual Control—This system is a combination of constant
speed and automatic start and stop control. It provides con-
stant speed control while there is a steady and large demand for
air or gas and permits switching to automatic start and stop
control during periods of intermittent or small demand.
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Free Air Unloaders.—BYy definition, an unloader is an auto-
matic device that varies the amount of air or gas beingpumped.
If the pressure in the receiver build up, due to the compressor
supplying air when none is being used, a relief valve must blow,
thereby resulting in a loss of air, and consequently, of power.

Several methods of unloading the compressor as commonly
used are employed, so that when completely unloaded, no air is
delivered to the receiver, practically no work is done in the
cylinders, and consequently, only power sufficient to overcome
the friction of the machine itself is consumed.

The methods of unloading commonly used are:

1. Inlet line unloading valve.

2. Inlet and discharge unloader.
3. Inlet valve kept closed.

4. Inlet valve kept open.

5. Discharge valve kept open.

6. Adjustable compression stroke.
7. Variable clearance volume.

These methods accomplish the same thing in different ways.

Ques. What is the application of unloaders on constant
speed compressors?
Arts. Constant speed compressors require some fprm of un-

loading device which will permit the driving unit to run at full
speed without delivery of more air or gas than is required.

Ques. For what service are unloaders used in addition to
their regular function?

Ans. Unloaders are used also to facilitate starting a com-
pressor, permitting temporary operation without doing the full
amount of work at the start.
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Unloader Operation

HIGH
PRESSURE
RECEIVER
INLET OPEN CLOSED
AIR OFF
CLEARANCE

Figs. 4 and 5.— Elementary free air inlet unloader showing operation of the
automatic control valve. Fig. 4, inlet open; fig. 5, inlet closed.

Figs. 6 and 7.— Diagrams correspondmg to operation in figs. 4 and 5 as
explained in the text.
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Ques. With what kind of drive is this especially important
and why?

Ans. It is especially important with certain types of electric
motors that fail to develop full torque until full speed is reached.

Inlet Line Unloader.—This type of unloader automatically
opens and closes the inlet line under pressure variations in the
receivers.

The elementary drawings, figs. 4 and 5, show the basic oper-
ating principle of air inlet line unloader. The essential elements
of the unloader is valve A, fig. 4, which admits or shuts off
free air to the cylinder. On the same spindle is a piston B,
which is acted upon on one side by the air pressure from the
receiver and resisted by a spring C.

In operation when the pressure is low in the receiver the
spring overcomes the air load on the piston and forces the valve
open. With the inlet line open free air is drawn into the cylinder
and the compressor pumps up the pressure in the receiver.
‘i 'When the pressure reaches a pre-determined point, it, in
acting upon the piston pushes the valve shut which shuts off
the air supply and accordingly no more air is pumped into the
receiver until the pressure in the receiver drops below the pre-
determined working pressure.

The diagrams, figs. 6 and 7, will help to illustrate the operating cycle,
showing the different distribution with valve open and shut. The diagram,
fig. 6, shows normal operation with the unloader valve open. Here a charge
of air has been taken in at A, compression takes place from Ato B, BC repre-
sents discharge at constant pressure into the receiver. Note at the end of
the stroke th'fe clearance space cC, is filled with air at the discharge pressure.

On the admission stroke the clearance air quickly expands to atmospheric
pressure as indicated by CD, and at that point the compressor inlet valve
opens and admission takes place from D to A.
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Now, when the air pressure in the receiver rises to the predetermined
point the unloader valve is moved shut excluding entry of any more air to
the cylinder.

With air in the clearance space at receiver pressure, it expands during the
stroke as indicated by the curve CDA, fig. 7. That is, the expansion passes
the atmospheric line at D, and continues to a low pressure (but not zero
pressure) which isreached at A. It will be noted that the compression curve
AD'C is higher .than the expansion curve CDA. This is because the heat of
compression elevates the compression curve AD'C and heat transfer and
more or less leakage causes the expansion curve CDA to lie below.

Fig. 8- Channel valve free air unloader assembled in cylinder. The free air
unloader assembly includes the inlet valve complete. The inlet valve complete
is bolted to the unloader body and can easily be removed for inspection or
replacement after the unloader assembly has been removed from the cylinder.
When re-assembling a valve to the unloader where used, be sure the valve
center bolt nut is locked, and that the pusher B, and spring C, are in place.
If it become necessary to replace a spring C, always use one of the same
size and having the same compression as tne one originally furnished in order
to insure proper operation of the unloader.
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Ques. How does the actual unloader differ from the elemen-
tary device just described?

Ans. In the actual unloader there is a small piston which is
actuated by the pressure in the receiver against the resistance
of a spring. When the pressure in the receiver becomes too

Fig. 9.— Cross section of compressor cylinder showing the arrangement of chan-
nel valves and free air unloaders.

high, the piston is moved sufficiently to open a small port
which admits air to a plunger valve of larger area. This plunger
valve is forced against its seat, thus preventing further admis-
sion of free air to the cylinder until the pressure in the receiver
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drops below the maximum pressure for which the mechanism
is set.

The compressor being unable to draw in any air, does no work in the
compressor cylinder, and hence delivers no air £0 the next stage or to the
receiver.

A standard method of unloading the air or gas cylinder,
either for starting or for regulating the pressure while, running,
is, by means of free air unloaders on each inlet valve. Fig. 8

Fig. 10.— Another type of free air unloader.

shows the construction of a channel valve free air unloader
assembled in a cylinder. The unloaders are controlled by the
regulators described later.
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The construction of free air unloaders is such that when air is admitted
to the under side of the diaphragm E, through the hollow inlet cover set
screw K, the fingers on the valve pusher, passing through the valve seat
ports, raise the inlet valve off its seat until the pressure under the diaphragm

is released.

When the unloaders hold the inlet valves off their seats, the air or gas
cylinder is vented to the inlet passage, the air or gas passing alternately in
and out of the cylinder without being compressed.

Ques. What happens when the receiver pressure rises to a
value for which the auxiliary valve has been set?

-4ns. The auxiliary valve functions to admit live air or gas
to the free air unloaders.

Ques. What is the effect of this?

4ns. The valve cover G has a machined recess into which
fits the inner cover F, of the unloader assembly. Thus when
the unloader assembly is being put into the bottom of a cyl-
inder, unscrew valve cover set screw K, and set the whole
assembly in the outer cover G, so that inner cover F fits into
outer cover. Place valve seat gasket L, on the valve seat and
cover gasket Ad, on the cover, and carefully raise the outer
cover G, with the unloader assembly into position. After the
valve seat and cover find their fits in the cylinder, insert and
tighten the valve cover tap bolts. Now screw up on the valve
cover set screw K, forcing the valve seat A, solidly onto its
gasket, and then lock the set screw in position by means of

the lock nut J.

Free Air Unloaders Controlled by Auxiliary Valve—This
type of regulation is standard where the compressor is driven
at constant speed from any source of power, and where the
demand for air or gas is fairly constant. Since the compressor
runs at constant speed it is necessary to alter the output of
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the compressor cylinder when the demand for air changes. This
is accomplished by using free air unloaders on the inlet valves
so that the cylinder will operate either at full capacity or at no
capacity. These free air unloaders are controlled by the auxil-
iary valve, which is mounted on the cylinder as shown in fig. 11.
The auxiliary valve is connected to the unloaders by means of copper or
brass tubing with suitable connectors. A plug valve is furnished in this
piping, as shown, so that the operator can throttle the air or gas to the
regulators and quiet their operation. Do not close the valve too far because

the unloaders will fail to operate and the receiver pressure may rise to an
unsafe value.

Fig. 11.— Auxiliary valve mounted on cylinder.

A separate pipe of Yi in. pipe size or preferably larger should connect the
receiver to the top of the auxiliary valve. This pipe should have no low spots
or pockets in which condensed water vapor or oil might collect and as few
turns as possible.

Always use pipe free from scale and blow out all piping and tubing before
connecting to regulators and unloaders.
Ques. What happens when the receiver pressure-rises to a
value for which the auxiliary valve has been set?
Ans. The auxiliary valve functions to admit live air or gas
to the free air unloaders.
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Ques. What is the effect of this?

Ans. The free air unloaders push all the inlet valves off their
seats, allowing air or gas to pass in and out‘through the inlet
valves while the compressor piston continues to move back

and forth.

After a continued use of the air or gas reduces the receiver pressure to a
predetermined value, the auxiliary valve exhausts the unloaders, thereby
allowing the inlet valve to function normally and the compressor to operate
at maximum capacity. Thus, the compressor unloads and reloads to main-
tain the receiver pressure within the pressure range for which the auxiliary
valve has been set.

Ques. How is the compressor unloaded for starting when
there is pressure in the receiver?

Ans. Screw up on the wing nut at the bottom of the auxiliary
valve.

Ques. What is the effect of this adjustment?

Ans. Air will be admitted to the free air unloader and
thereby vent the compressor cylinder to the intake passage.

Ques. What should be done after the compressor attains full
speed?

Ans. Unscrew the wing nut and the compressor will begin
to operate in the normal manner.

Ques. What is used in'place of the wing nut on compressors
handling gas?

Ans. A three way valve in the line between the auxiliary

¢NOTE.—If the belt slap and the idler pulley jump when the compressor slows down to a'

stop, unload the compressor by screwing up on the auxiliary valve wing nut before shutting off
the motor or other form of drive. Do this as a matter of routine in stopping the compressor.
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valve and the unloaders with one connection of the three way
valve period to receiver pressure.

Auxiliary Valve.— This valve is used as a controlling valve
for operating the main regulating devices of the compressor. It
operates automatically with the variations of receiver pressure.

Fig. 12.— Type X AA auxiliary valve.
Fig. 13.— Type XXH auxiliary valve. v

It is important that the air or gas supply for the auxiliary
valve should come from the receiver and not from the delivery
pipe of compressor, as pulsations in the latter even at some
distance from compressor, may cause the auxiliary valve to
work unsatisfactorily.
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There should be no low spots or pockets in the pipe connec-
tions to and from the auxiliary valve, in which condensed water
vapor or oil might collect.

This line should be hs in. piping, or preferably larger, and should have
as few turns as possible. The pipe should be as free from scale as can be
obtained. Before connecting to the auxiliary valve and regulators it should
be rapped with a hammer to loosen scale, and then thoroughly blown out
with a good pressure of air.

Duplicate Part List for
XAA and XXH Auxiliary Valves

Part No.

XAA1l

XAA2
XA3
XAA4

XAAS5
XAG6
XAAT7

XAA 12
XAA 13
XAA 14

XAA 15

Name of Part

Auxiliary Valve Complete (in-
cludes Parts 2 to 15)

Auxiliary Valve Body

Auxiliary Valve Bare

Auxiliary Valve Lower Valve
Seat

Auxiliary Valve Spring Adjuster
Auxiliary Valve Spring Guide
Auxiliary Valve Spring Guide
Socket

Auxiliary Valve Hand Unload-
ing Wing Nut

Auxiliary Valve Spring

Auxiliary Valve Filter Disc

Auxiliary Valve Range Shims
(set)

Auxiliary Valve Spring Adjuster
Lock Nut

Part No.

XXH1

XXH?2
XXH 3
XXH4

XXH5
XXH®6
XXH7

XXH 12
XXH13
XXH14

XXH 11
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When the air or gas within air receiver reaches the pressure
at which auxiliary valve is set to operate, the pressure over-
comes the resistance of spring XAA12, and forces valve XA3
from its seat. As this valve opens, the increased area of the
flange just below the upper valve seat becomes exposed to air
or gas pressure and the downward force is greatly increased.
This causes the valve to jump open quickly until stopped by
the contact of its lower end with the adjustable valve seat XAA 4

The flange is slightly smaller in diameter than the bore of the valve
chamber and hence permits free passage of the air or gas by it and out
through the side pipe to unloaders.

When the receiver pressure has fallen a predetermined amount, spring
XAA12 throws valve XA3 back to its upper seat, shutting off the pressure
from the unloader or unloaders. This permits the air in the unloaders to
flow back through the side pipe, past lower auxiliary valve seat XAA4, and
exhaust to atmosphere through the opening in the lower end of spring

" adjuster XAAS5. In case of gas, the exhaust should be piped back to intake.

Adjustment of Auxiliary Valve.— The pressure at which auxil-
iary valve operates is adjusted by varying the tension of spring
XAA12, by means of spring adjuster XAA5. The range of
pressure between unloading and reloading points is adjusted
by giving valve XA3, less travel to obtain a longer range, and
more travel to obtain a closer range. The valve travel can be
adjusted by removing or adding shims at XAA14. The lower
valve seat XAA4 must be removed for this purpose. Turning
the lower valve seat XAA4, only a fraction of a complete revo-
lution makes an appreciable change in range ; consequently this
adjustment must be made very carefully.

When tested in the shop, the auxiliary valve is usually adjusted for a
range of about 10% of the pressure at which the auxiliary valve is set. It
is not advisable to cut the range below this amount, less required because of
unusual conditions, as the pulsations in receiver are liable to cause the valve

to work with less certainty when thé range is very short.
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On air compressors a hand unloading nut X Il provides for
unloading the compressor at will, as in starting the compressor
when there is pressure on the line.

*

y
Setting up nut X II, overcomes the resistance of spring XAA12, and
admits pressure to the unloaders. When nut X 11 is released the compressor
takes up its load and the auxiliary valve will then automatically operate at
the pressure for which it is set.

10290 SPEED MOVE PP/VOLE TV
SYOP/ZOPTAL POS/r/iO P

Fig. 15.— Arrangement of regulator piping for gas compressors with by-pass for
unloading when starting.

Voo : /" .

The filter, which is above the upper valve seat, is filled with woolen yarn
or a special sponge. This prevents any particles of dust or grit from being
carried into the valve chamber, and removes the gummy deposit which
sometimes comes from oil used in compressor cylinders.

Should the auxiliary valve fail to work properly at any time, take it
apart and clean it thoroughly, putting fresh yarn into the filter. Use only
genuine wool. Cotton will pack, and stop the air flow.
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If the pipe from the receiver to the auxiliary valve be long, it may cause
uncertain action and chatter. In this case, enlarge the pipe.

A small receiver placed in the regulator line just above the auxiliary valve
will be an additional help. This receiver should be made of three-inch pipe

and should be about 14 ins. long.

Variable Clearance Regulation.— In this method a number
of clearance pockets are thrown into communication with the

Fig. 16.— Free air unloading valve for 8 and 10 inch stroke compressors. The
regulator controls the free air unloading valves holding open the inlet valves
during the unloaded period. The single stage compressors have either three or
five step control, while the two stage compressors have the three step control
only. The free air inlet valves always operate in pairs; i.e. frame inlet valves
and then the outer inlet valves, maintaining equalized load conditions on each
side of the compressor. When the inlet valves are held open, the compressing
stroke of the piston forces the air back through the inlet valves and passages.
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ends of each air cylinder when the pressure in the receiver has
reached the required pressure. When the piston returns, the
air in the clearance pockets expands and partly fills the cylin-
der, thus preventing the opening of the automatic inlet valves
until later in the admission stroke. When no air is used from
the receiver, air from the clearance pockets may completely
fill the cylinder and prevent the opening of the inlet valves,
admittinfrno free air

Fig. 17.— This type of low pressure unloader provides an exhaust to atmosphere
to unload the inter-cooler and low pressure cylinder.

The pressure volume diagram, fig. 20, shows the effect of
variable clearance volume upon the amount of air compressed.
Curve 1 indicates compression adiabatically without any clear-
ance. All the air compressed is discharged and there is no
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re-expansion line other than the vertical line V indicating a
direct drop to atmospheric pressure.

Curve 2 shows the compression curve with 10% clearance
asdo Curves 3 and 4 for 20% and 30% respectively.

With the increase in clearance volume, the expansion curve also changes,
as there is more air to expand into the cylinder volume with large clearance
than with small clearance. These curves are indicated by the numbers 2",
3"and 4', respectively.

It is seen that in this particular diagram, with 30% clearance volume,
only a very small portion of the capacity of the cylinder is permitted to
enter the cylinder at each stroke, because the expansion of the clearance air
fills the cylinder at atmospheric pressure to nearly three-fourths of its vol-
ume. Thus the amount of air compressed grows less as the clearance volume
is increased. The clearance could be increased to such an extent that the
Curve 4 for compression and Curve 4' for expansion would coincide, thus
no air would be delivered.

In this diagram the curves are for adiabatic compression. Clearance
assumed at 5% is constant for all operating conditions and, therefore, the
re-expansion line EF is the same for all compression curves.

The effect of holding the inlet valve open after the compres-
sion stroke has begun, is quite well defined in the curves num-

bered 1, 2 and 3.

Curve 1 indicates full compression stroke. Compression starting at A
rises to B, and discharges from B to E.

Curve 2, intake valve held open for ){ of stroke allows only % of cylinder
volume to be compressed. Starting at A, air is forced out of the cylinder
from A to H, along atmospheric line.

At point H, the intake valve closes and compression rises H to C, and
discharges C to E.

Curve 3 represents similar action with intake valve held open for
stroke. Consequently only % the volume is delivered to DE.

Five Step Variable Clearance Regulation.—An example of
the application of variable clearance control is here given. In
this method there are five approximated equal steps: full, y.i,
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Ii, 34) zero load, keeping the power input approximately in
proportion to the amount of air delivered at the compressor
discharge.

Ques. What provision is made in the cylinder to obtain
variable clearance?

Ans. Each cylinder is equipped with four clearance pockets,
two at each end as shown in

Fig. 22.— Longitudinal sectional view of cylinder showing clearance valves and
pockets— two at each end of the cylinder.

For a two-stage machine, the volume of the clearance pockets in the high
pressure cylinder bears the same relation to the volume of the low pressure
clearance pockets as the cylinder ratio. On a single stage machine with two
cylinders, the clearance pockets in both cylinders have the same volume.
Each of these clearance pockets is equipped with a pressure operated valve.

The regulating device, which is automatically controlled from receiver
pressure, is built with four pilot valves, which operate in succession to
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control the opening and closing of the clearance pocket valves in the proper
sequence.

Ques. What happens if the compressor be running at full
load and rated discharge pressure and the demand for air
decreases?

Ans. The receiver pressure will tend to rise until at a pre-
determined point, the clearance regulator functions to open

Fig. 23.— Five step regulator with push button starting station. The handle of the
three-way cock shows behind the starting station. The air filter is shown next to
the regulator. In construction a diaphragm connected to receiver pressure,
operates a pilot valve which causes auxiliary valves to open and close to
admit or exnaust pressure to or from the control valves in the cylinder. With
five step clearance control the five step regulator shown operates all clearance
valves. With three step free air regulation used on 8 in. stroke units, a similar
three step regulator controls the unloaders. In operation/ a slight rise in
receiver pressure causes the first step of control to operate and reduce the
compressor capacity. A further reduction in the demand for air results in a
slightly higher receiver pressure and causes the next step to operate, and so
on to no load, if necessary, or until the compressor output equals the demand
for air or gas. The total increase in receiver pressure from full load to no load
is very small. When desired, the discharge pressure may be varied by a screw
adjustment on the top of the regulator.
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the first set of clearance pockets, that is, one clearance pocket
in each cylinder.
In this manner approximately 25% of the air being compressed will pass

into the clearance pocket, cutting the capacity of the machine to 75% of
its full capacity rating.

Ques. What happens on the return stroke?

Ans. The air thus trapped in the clearance pocket expands
again, giving up its power to-the pistons.

Fig. 24.— Three step regulator-, with air filter and the three way cock (used for
unloading during the starting period). Note the indicator provided for each
step of unloading.

Ques. What happens if the demand for air continues to
decrease?

Ans. The second set of pockets open, cutting the capacity
of the compressor to 50%, etc., until, with all the pockets
open, the machine is completely unloaded and no air is deliv-
ered to the receiver.
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LOW-PRESSURE DIAGRAMS HIGH-PRESSURE DIAGRAMS

Full Load—100% Capacity; 100% Indicated Hp.

Three-Quarter Load—75% Capacity: 76 to 77% Indicated Up.

One-Half Load-50% Capacity; 52 to 53% Indicated Hp.

One-Quarter Load-25% Capacity; 27 to 29% Indicated Hp

Figs. 25 fo 34.— Indicator diagrams showing operation of clearance control at
five load points.
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Reference to the characteristic indicator cards, figs. 25 to 34, show clearly
that at all part loads, the air is compressed to full terminal pressure. Hence,
at the end of the stroke where inertia and air loads are both at a maximum,
the two are directly opposed, and only the difference between air and inertia
loads is transmitted back to the bearings and pins.

Ques. What provision is made to accommodate the standard
two stage duplex compressor to the starting characteristics of
the synchronous motor?

Ans. Relief valves are provided on the high pressure cylin-
der, and an unloader is provided on the intercooler.

The current pulsations in the motor input are kept within the required
limits by the fly wheel effect in the motor rotor, combined with a separate
fly wheel when required.

Remote Starting Control.— To obtain remote control a mag-
netic unloader is employed which unloads the compressor dur-
ing the time it is being started or stopped.

Ques. When and how does it work?

Ans. It unloads the compressor during the time it is being
started or stopped.

When the magnetic unloader circuit is closed, the compressor is loaded
and the capacity is controlled by the regulator. With this means of control,
the compressormay be started or stopped from a push button station located,
at any convenieht place.

Ques. What other important function may be performed by
the magnetic unloader?

Nns. Combinations of the magnetic unloader and relay cir-
cuits may be used to automatically unload the compressor in
case of line voltage drop, cooling water failure, etc.
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Fig. 36.— Sectional view of automatic clearance valve with locking screw and
enclosed cap for gas producer. It is of the automatic, piston operated type.
When special regulation is furnished, they may be of straight hand operated
type or of automatic type with set screw for keeping the valve closed when so
desired. The valve seat 2, fits into the inner cylinder wall with copper gasket 1
sealing the joint. The valve 17, is held on its seat by means of the piston and
the valve stem 4. The piston is moved by means of air pressure controlled by
the A-71 or A-72 clearance regulator. The air connection is at 11. Spring 16,
opens the valve quickly when air is exhausted from the piston, prevents flutter-
ing as the valve closes, and retains the valve seat 2, in the cylinder wall. The
piston consists of two pieces, a bull ring 12, and a piston head 8, which slide
into one another and hold a double ring of soft packing. A safety dowel pin
6, which is driven in the piston head, fits into a hole in the bull ring and permits
just enough relative movement of the two parts for two rings of packing— no
more and no less. This packing is of special material, which was chosen as a
result of careful experimenting. The soft packing rings require no “wearing in"
as in the case of metallic piston rings. Because of the construction of the piston,
the soft packing is squeezed firmly and evenly against the cylinder wall of the
valve cap as soon as air pressure is put behind the piston, thereby immediately
sealing it against air leakage. A light cup grease should be used to lubricate
the packing and to keep it in good condition. Stuffing box 15, seals the valve
stem against cylinder pressure in the clearance pocket. Gland 13, is pulled
up against soft packing 14, by gland nut 5. Pull up on gland nut 5, only
enough to prevent air leakage. The packing should be replaced when it must
be pulled up so tight that the action of the valve becomes sluggish. Do not
put fingers in the cap to adjust the gland when the regulation system is in
operation. Use proper wrench furnished with compressor. When necessary to
repack stuffing box, shut off air from regulating system. When the clearance
valve is hand operated, a separate screw stem, provided with a hand wheel,
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Fig. 37.— Sectional view of cylinder and heads, showing arrangement of clear-
ance pockets, clearance valves, and by-pass valves on a low pressure gas

compressor.

Fig. 36— Text continued.
screws through cover 10, and pushes against stem 4. In such cases the piston is
omitted. When the automatic valve is furnished with a set screw for locking the
valve closed, a separate screw stem, which screws against piston head 8, is used.
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By-Pass System.— In some special compressors/the cylin-
ders are provided with by-pass passages, which connect the
two ends of the cylinder through the clearance pockets and
allow air to by-pass back and forth without being compressed.
In such cases clearance valves are used to open or close these
passages. The valves may be hand operated, automatic, or a

CONNECT TO INDICATOR

Fig. 38.— Cylinder relief valve.

combination of both. A typical arrangement of clearance and
by-pass valves is shown in fig. 37.

Ques. What is this by-pass valve used for on single stage
compressors?

Ans. To unload for starting.
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Ques. What should be noted about the closing of by-pass
valves?

Ans. They will not close automatically when there is no
pressure in the receiver. It is therefore necessary to close the
by-pass valves by hand until enough pressure is built up in
the discharge line to hold them closed.

The locking set screws or hand wheels should be unscrewed after pressure
is built up so that the valves will function automatically to unload the com-

pressor when pecessary.

Cylinder Relief Valves.—The high pressure cylinder of stand-
ard two stage compressors are- provided with two automatic
cylinder relief valves as shown in fig. 37.

Ques. How are these relief valves connected into the regu-
lating system?

.4ns. They are so connected that during the starting period,
they open at the same time as the unloader vents the inter-
cooler to atmosphere and the clearance valves open all clear-
ance pockets.

Thus, their only function is to relieve the high pressure cylinder of any
air which may be trapped in the cylinder bore and which may leak back
from the discharge line through the discharge valves.

Ques. What is the action as the compressor comes up to
speed?

Ans. The high pressure cylinder acts as a single stage com-
pressor and takes in air from, the inter-cooler at nearly atmos-
pheric pressure. The cylinder pressure will not build up to

more than approximately 25 Ibs. per sq. in. because the clear-
ance pockets will completely unload the cylinder at this

pressure.
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Ques. Describe the piping arrangement of the relief valve.
Ans. The hook-up is shown in fig. 39.

In fig. 38, the piston is similar to the clearance valve piston. The bull ring,
RA79-7, contains a stem, RA79-11, which raises the ball valve, RA79-12,
from its lower position in the body, RA79-2, when the piston raises.

Fig. 39.— Piping arrangement of cylinder relief valves on cylinder.

The ball valve seat, which closes off the cylinder relief openings, is in the
removable relief valve head, RA79-14. There is one relief valve for each
end of the high pressure cylinder, each valve being attached to the indi-
cator connection at that end by means of pipe fittings leading from the
indicator hole to the relief valve head, RA79-14.

The opening in the side of the body between the two-ball valve seats is
piped to atmosphere and is the exhaust opening of the relief valve. In the
case of gas compressors this should be piped back to inlet. Be sure the
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exhaust connection from the RA-79 relief valves, if connected together, is
large enough so as not to build up pressure and keep the ball valves from
seating when the compressor is running. See fig. 39.

The bottom side of the piston is connected to the line supplying air to
the regulator body from the starting unloader A94 or A95.

Ques. Describe the operation of the relief valves?

Ans. It may be studied by referring to figs. 38 and 39.

Fig. 40.— Safety stop valve.

Without any outside pressure, the piston would be pushed down on cover
RA79-3 by spring RA79-10, and ball valve, RA79-12, would rest in its lower
position in the body. This will be the position of the piston and valve during
the compressor starting period after the three-way valve exhausts pressure
from the regulator and the unloaders. Thus, when starting, any air trapped
in the bore of the high pressure cylinder and any air which leaks back
through the discharge valves will pass out through the RA-79 relief valves
into the atmosphere.

After the three-way valve is turned to the running position, the pressure
on piston RA79-6 overcomes the spring pressure and pushes ball valve,
RA79-12, on its upper seat in the relief valve head, RA79-14.
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As long as the three-way valve is in running position, the ball valve
remains on its seat and cuts off the indicator connection from atmosphere.
This allows the high pressure cylinder to compress air at its normal dis-
charge pressure.

Safety Devices on Large Steam Driven Compressors.—In
the type machine here considered, a positive, weight actuated
safety stop, located in the main system line, is operated by a
hydraulic tripping device. Oil pressure in the lubricating ail
system locks the shut-down valve in the open position, while a

centrifugal knock-out plunger valve, also in the lubricating oil
system, releases this pressure by opening a by-pass valve when
the unit exceeds a predetermined speed. The release of pres-
sure, caused by the action of the knock-out, instantly trips the
drop valve, which cuts off all steam to the unit.

Fig. 40 shows the safety stop valve, and fig. 41 its connections. Figs. 42
to 44 show starting, running and shut-down positions, respectively, of the
stop valve. It is apparent that failure of the lubricating oil system for any
reason Will shut down the compressor.
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Of particular importance is the fact that the tripping mechanism at the
stop valve functions whenever the compressor is stopped. It must be reset
before the machine is started up, giving protection against sticking or
freezing due to lack of use. This relates to automatic steam cut-off units.

Machines with throttling control are equipped with a similar safety stop
incorporated in the governor throttling valve.
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CHAPTER 51

Installation

The subject of installation has been covered at considerable
length with respect to pumps in the first section of this book
and since the procedure is largely the same for both pumps,
and air compressors, the author will not waste any space in
useless repetition of matter common to both.

For such items as location, excavation, foundations, pouring
of concrete, erecting, grouting, etc., see Chapter 51.

Compressor Intake.— Pipe the intake of an air compressor
cylinder to the outside of the building and keep it above the
ground level. Locate the end of the intake pipe so that steam,
water, dust or other waste being discharged from pipes near it,
cannot be blown or drawn into the compressor intake.

Ques. What is the primary intake requirement?

Ans. Keep the intake dry.

Ques. What provision should be made if the intake air con-
tain any dust or other abrasive material?

Ans. A filter must be installed.
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Such materials if carried into the cylinder will cause rapid wear of the
piston and cylinder and will promote the formation of carbon on the valves.
Correct size of filter and correct installation are important. Consult a
reputable filter manufacturer.

Ques. If impossible to install an intake air filter, what
should be done?

Ans. The intake pipe should be run some eight or ten feet
above the ground.

Ques. What provision should be made for the top of the
intake pipe?

Ans. The top should be hooded or turned down and protected
by a wire screen so that rain and large particles of dirt cannot
be drawn in.

Ques. If impossible or impractical to run the intake to the
outside of the building, what should be done?

Ans. The air may be taken into the cylinder directly from
the room.

However, as the room temperature is usually much higher than the
temperature of the air outside the building, the compressor cannot deliver
as much work.

Ques. What should be noted about intake air temperature?

Ans. Although the power required to compress a cubic foot
of air does not depend upon the intake temperature, the quan-
tity of air delivered to the tools does depend upon this tem-
perature.

The lower the compressor intake temperature in relation to the tempera-

ture of the air at the tools, the greater the amount of energy delivered to
the tools or work.
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Ques. What should be noted about moisture in the intake air?

Ans. Moisture will wash away the cylinder lubricant, and
if large quantities should accumulate in the intake pipe and
be drawn into the cylinder, the non-compressibility of the
liguid may cause breakage of parts.

Ques. How may moisture be avoided?

Ans. Arrange the piping so that moisture may be drained
off before it is drawn into the cylinder.

Ques. What should be noted about long intake air pipe lines?

Ans. The longer the line the larger should be the pipe to avoid
undue friction and resulting lowering of admission pressure.

m Compressor Intake Pipe.— The size of the intake connection
on the compressor cylinder is indicated on the foundation plan.
The intake pipe should be at least this size and it is a good
rule to increase it one pipe size for every 10 ft. in length.

A slow intake pipe velocity reduces friction and consequent pressure loss,

and also tends to reduce air pulsations. Make the intake pipe as short and
direct as possible and use long radius elbows where bends are necessary.

Ques. What is the proportion of air intake pipe for direct
servicing more than one compressor?

Ans. The cross-sectional area of the main pipe or duct must
be at least as large and preferably larger than, the combined
area of all the individual intake pipes. In branching from the
main intake pipe avoid sharp comers.

Ques. What kind of intake pipe is used?
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1Arrangement of intake piping and filter.
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.dns. It may be of cast iron, black or galvanized steel pipe
or any other material which will not crack and which will keep
out moisture and dirt.

Ques. What is used for larger sizes?

Ans. For larger sizes or when several compressors have a
common intake duct, glazed vitrified pipe with cemented joints,
all bedded in concrete makes a good construction.

Ques. Why?

Ans. This prevents a possibility of moisture seeping into
the intake duct from surrounding soil, which fact is of great

importance.

Tile pipe of sizes as shown on foundation drawing should be placed in
foundation before pouring, allowing the top to extend several inches above
the top of foundation so that cement will not run into intake when pouring
grout. No connection is made betweenintake pipe and cylinder but machined
surfaces on four sides of cylinder and sole plate make a dust-tight joint.

Fig. 1 shows suggested arrangement of intake piping and
filter with sump to prevent any water seepage from surround-
ing soil or excess water carried with air into intake during wet
weather, being carried into low pressure cylinder.

If a cpncrete duct be used as an air intake, it must have a smooth, hard
interior surface, for if the concrete crumble or disintegrate, it will be carried
into the compressor cylinder and cause rapid wear. Painting the interior ofa
concrete duct with a good waterproof paint is advisable.

Where compressors are used in or adjacent to chemical
plants, the air or gas taken into the compressor often contains
acid fumes, .which attack iron and steel, causing corrosion and
wear of the valves, pistons and cylinders.
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If this condition be known to exist, the manufacturer of the compressor
should be informed when the machine is purchased, so that proper provision
can be made to take care of it.

Ques. What precautions should be taken with the intake line?

/Ins. An intake' line to compressor should be thoroughly
cleaned before the machine is first put in operation to remove
accumulations of pipe scale, sand, grit or other foreign objects
thoughtlessly placed in the line during the work of installing
the compressor.

The free air intake on an air compressor should never be
installed or located at or near a gas pop relief valve, gas or
gasoline vapors of any kind, oil vapors, or any other gas or
vapor which will form an explosive mixture. The drawing in

of these vapors into a compressor might very easily cause a
disastrous explosion.

Ques. What shape intake should be avoided?

Ans. Avoid intake pipes of rectangular cross section, par-
ticularly when wood or metal is used for the duct.

Ques. What should be the condition of intake pipe?

Ans. The intake pipe must be clean, free from all- scale and
foreign matter when it is installed. Never put a valve in the
intake pipe of an air compressor with atmospheric intake.

However, should a valve be necessary a small receiver should be placed
between the valve and the compressor cylinder to reduce pulsations in the

intake pipe. The receiver will collect dirt and moisture and should, therefore,
be drained periodically.

Closed Systems.— For compressors on booster or gas service,
a valve on the intake pipe may be necessary, according to
operating conditions.
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Ques. What provision should be made if a valve be used,
and why?

Ans. A small receiver should be placed between the valve
and the compressor cylinder to reduce pulsations in the intake
pipe. The receiver will also act as a moisture remover and
should be drained regularly.

Ques. What are the requirements in the case of a gas com-
pressor which handles a very dirty or tarry gas?

Nns. Some means of scrubbing the gas before it enters the
compressor should be employed. The scrubber should be used
in addition to the receiver, or some method of combining the
receiver and the scrubber may be found more practical.

Compressor Discharge Piping.— The discharge pipe connects
the discharge opening of the compressor cylinder with the after-
cooler and receiver. Its size must be at least as large as the
connection on the cylinder, it should be short and direct, and
have as few elbows as possible, and where the latter are neces-
sary they should be long rqdius elbows.

Ques. What provision is made for overhead piping?

Ans. It must be well supported so that there is no strain on
the compressor cylinder.

Ques. Why should the discharge pipe be not installed in the
intake duct?

idns. In the first place the area of intake for entrance of
air would be reduced and secondly because the temperature of
the intake air will rise and consequently cause a loss in volume
and work delivered by the compressor.
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Ques. What should be placed in the discharge circuit be-
tween the compressor and receiver?

Ans. The after-cooler.

Water Piping.— Compressor cylinders are provided with in-
let, outlet and drain openings in the water jacket. The

BOLT

SPECIAL PLUG

Fig. 4.— Special steel plug and bolt for assembling or removing the wheels.
Compressors are always shipped with the wheels removed from the shaft, and
they should be put on in the following manner: To secure a gripping fit, the
bore of the wheel hub is a few thousandths of an inch smaller than the shaft
diameter. For this reason the plug which is furnished must be used in putting
on and taking off wheels. Remove the hub clamping bolt. Place special plug
in slot so that the boss on plug fits in bolt hole as shown. Hold nut in slot and
turn bolt until end touches special plug and nut rests against opposite wall of
slot. Use wrench on outer end of bolt to tighten. As the bolt is turned, the
inner end will exert force against plug, thus spreading split hub so that wheel
can be placed on shaft or removed as shown. Wheels will be in proper position
when the end of shaft projects % in. beyond the face of the wheel hub on the
7 in. stroke and % in. on the 9 in. and larger sixes. The 7 in. stroke and smaller
compressors are usually equipped with heavy belt wheel only, the fly wheel
being omitted. For details see foundation plan furnished with the machine.
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controlling valve should be placed on the water inlet, the outlet
open, the water falling into an open pipe end or funnel so that
it can be seen at a glance whether water is passing through
the jacket.

Ques. Why should the water outlet always be at the top?

Ans. As the water becomes warm it rises and the outlet for
this reason should always be at the top. This also allows the
escape of air which may accumulate.

Ques. What is the important consideration when a closed
system is used?

Ans. The jacket water pressure should never exceed 40 Ibs.
per sg. in., a much lower pressure being preferred.

Ques. Why?

Ans. A high jacket water pressure may cause leakage through
the head gasket into the low pressure cylinder during the ad-
mission stroke, particularly on large sized cylinders fitted with
removable bushings.

Ques. How is the water piping arranged on the compressor?

Ans. The circuit is arranged with the cold water entering
the intercooler first and then carried to the cylinders so that
the warmer water is used in cylinders to prevent sweating on
the cylinder walls.

Ques. What should be the temperature of the water atthe
outlet?

Ans. Enough water is circulating when the water at the out-
let is lukewarm (80° to 100° Fahr.).
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Where the cooling water is cold, it is often necessary to merely crack the
water inlet valve to maintain the proper water discharge temperature.
This may lead to trouble and it is advisable to install a by-pass of smaller
pipe around the main inlet valve to get better regulation of the water flow.

Ques. What precaution should be taken when compressor is
exposed to freezing temperature?

Ans. Be careful to drain the cylinder jacket thoroughly if
compressor is to stand in a freezing temperature. |f water freeze
in the jacket or heads, it will certainly crack them sooner or
later.

Ques. What will happen if the cooling water be dirty?

Ans. Mud will be deposited in cylinder jacket, and unless
removed, will ultimately obstruct the flow of water entirely.t

Clogged passages will interfere with proper cooling and will result in
excessive heating of valves. This heating will cause deposit of carbon which
will make the valves leak. Clogging will also cause possible damage to the
cylinder and piston and will result in a hard-baked coating of mud in the!
water passages.

After Cooler.— When the hot, moist air or gas from the comq]
pressor discharge is carried along in the pipe lines, it becomes
cooled by radiation and the moisture in it is deposited in the'
pipe. This causes “water hammer” which may develop leakyi
joints and may freeze and burst pipes in cold weather.

Wetair is very detrimental to pneumatic tools, switch and signal systems,’
or any open work such as quarrying, etc., as it washes away the lubricant

or freezes when expanding in valves and ports, thereby greatly interfering

with the operation of the tools. It is, therefore, very advantageous in most
installations to use an after cooler to condense the moisture before it gets

into the pipe lines.

Ques. 'Where should the after-cooler be located?
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Ans. As near the compressor as possible, placed between
the compressor and receiver.

Full size pipe connection between compressor and after cooler should be
used to take care of pulsations in the pipe line.
4

Ques. In installing the piping what precautions should be
taken?

Ans. Make sure there is no strain on the pipe flanges. Prop-
erly support the piping. Also provide for expansion of piping.

Location of Valves.— The location of the valves on the intake
and discharge of the gas compressor would at first appear to
be a minor consideration. This is not always the case.

Ques. Why should an intake and discharge valve be provided?

Ans. To block off or cut off the compressor when it is neces-
sary to work on the compressor without shutting down the
rest of the plant.

Ques. What should be noted as to location of intake and
discharge valves?

Ans. The location depends upon: 1. The size of the valve
and space available. 2. The location of headers. 3. The dis-
charge relief valve. 4. Other piping and space considerations
of the individual installation.

For the operation of the valves, that is, the opening and closing when
putting the compressor in service or taking it out, the most convenient
location is above and below the compressor. The size of the valves prevents
this location on larger cylinders and where room is a factor. The intake
valve is generally located on top of the building. The pop relief valve on the
discharge must always be placed between the compressor and the discharge
valve, and when the discharge valve is located inside the compressor room
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near the compressor, then the pop relief valve is located inside the building.
This means that the relief valve would discharge or pop gas into the engine
room and form a dangerous explosive mixture. This condition may offer a
problem of additional piping in the engine room. The discharge valve of the
compressor is frequently placed outside the engine room and near the dis-
charge header.

Air Receiver.— The air receiver or tank should be placed as
close to the compressor (or after cooler, if one be installed) as
possible so as to keep the discharge pipe short.

Ques. What important point should be noted here and why?

Ans. Never place a valve in the line between compressor
and receiver, unless a safety valve be installed between this
valve and the compressor, as there is a possibility of starting
the compressor with this valve closed. In such a case, an ex-
plosion will result, since the air cannot escape.

Ques. What provision should be made when the compressor
is to be connected into an air main common with other com-
pressors and why?

Ans. A safety valve should be placed between the compressor
and the first valve in the pipe line. This wall safeguard the
compressor in case of failure to open the valve before starting up.

Ques. Where should the receiver be placed if the compressor
be located near the wall?

Ans. Place the receiver outside the building where it has an
opportunity to radiate some of the heat.
Ques. What provision is made for draining the receiver?

Ans. A drain cock is placed near the bottom and the re-
ceiver should be drained from time to time.
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Exciter Belt.— Where the compressor is driven by an electric
motor if a belted exciter be used, the pulley on the exciter
shaft should be very carefully lined up with the pulley on
compressor shaft. After the exciter is in line, the driving belt
should be made to proper length. It is always preferable to
make an endless belt instead of using leather lacers or wire
fasteners so that there will be no jarring as the belt passes over
the pulley, as this sometimes causes hunting of the motor.

Rotation.— In a compressor, as in a steam engine, it is ad-
visable to rotate the wheels so that the pressure of the cross
head shoe will be down upon the lower guide.

This prevents any tendency to lift, and also renders lubrication more
efficient. For this reason the machine should be run with the top of the
wheels moving toward the cylinder as shown by arrows on foundation plan
supplied with each machine.
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CHAPTER 52

Lubrication

Lubrication of a compressor is the most important point in
its care and operation. Lack of proper lubrication will result in
damage to many parts. Moreover, use of low grade oil will
greatly shorten the life of the compressor and result in lower
efficiency.

Use nothing but high grade oil meeting the specifications given
for each application.

Crank Case Lubrication.—In crank case lubrication systems
all the oil delivered to the bearings and running gear is returned
to the oil sump in the bottom of the crank case, which is en-
tirely enclosed so that the oil cannot escape. The same oil is

thus used repeatedly.
A circulation of oil which floods the bearings is maintained

by various devices acting as a pump, such as:
1. Oil dipper.

2. Crank disc.

Partly submerged in oil

3. Centrifugal oiler.

The oil dipper system has a dipper attached to the crank
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shaft counter weight as shown in figs. 4 and 5, part 26A and
which dips into the oil in the crank case at each revolution.

Ques. How does it work?

Ans. A portion of the oil runs into holes supplying the main
bearings and drains back into the crank case sump, causing a
continuous circulation of oil through the bearings.

Usui's
CROSSHEAD
PIN HOLE METALLIC PACKING SOFT PACKING
COVER

1400

DRIVING END

Figs. 1 fo 4.— Bed plate connecting rod and cross head parts,- oil dipper lubri-
cation.
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Some of the oil is caught in a pocket inside the crank case and is delivered
by a pipe in a continuous stream to the cross head pin, cross head guide and
piston rod, flooding these parts.

Ques. What provision is made where the piston rod passes
through the frame or crank case to prevent heavier crank case
oil working along the shaft into the compressor cylinder?

Arts. A stuffing box is provided.
*26 Ay 1069

1073 1074

1075

NOG64
1065

1066
1070

41301

21A
Fig. 5.— Crank shaft main bearing and wheels.
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Ques. What kind of oil is used for crank case lubrication?

Ans. For the crank case only use a high grade motor oil
recommended by a reputable oil company. Use S.A.E. 30 or
S.A.E. 40 oil for normal operating conditions. S.A.E. 20 oil will
be required in freezing temperatures.

Ques. How much oil is required to fill each crank case of
various size bed plates?

Ans. Ratings as given by one manufacturer are: 14 in.
stroke, 4 gals; 16 in. stroke 5 gals.; 18 in. stroke 9 gals.; 21 in.
stroke, 13 gals.; 24 in. stroke 40 gals.; 27 in. stroke 50 gals.
These ratings, however, do not take into account the amount
of oil which would be splashed over the surfaces of the crank
case.

Ques. Why should the oil be perfectly clean and free from
any moisture or foreign matter?

Ans. Aside from the ill effect of abrasive foreign matter, its
presence may develop an emulsion by constantly splashing on
the bearings.

Ques. Describe the crank disc pump system.

Ans. Qil is carried on the outer rim of each crank disc to the
top where it is diverted into an oil boat by an oil wiper mounted
on a stud in the oil boat.

This system is shown in fig. 6. The oil boat, which is bolted to the main
bearing cap, has four compartments. All of the oil is poured into one main
compartment from which it overflows to each of three supply compartments.
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From one supply compartment the oil is carried through a cored opening
in the oil boat, to the main bearing. One supply compartment is piped to a
sight feed oiler at the cross head guide which lubricates the cros™ head
guides and the cross head pin bearing.

Fig. 6.— End view of crank case showing detail of crank disc "pump" lubri-
cating system.

The other supply compartment is piped to a centrifugal oiler which carries
oil to the crank pin bearing.
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rig- 7.— horce feed lubrication system driven from the valve gear* of large
duplex steam driven compound compressor.

Fig. 8. Elevation showing reservoir and oil circuits of the lubrication system
shown in fig. 7.
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Ques. What is the particular feature of this system?

Ans. The only running part that dips into the oil surface is
the smooth rim at the circumference of the crank disc which
acts as a pump in carrying oil up to the oil boat from which
it is distributed to the bearings by gravity flow. The system is
reliable and splashing and agitation of the oil are reduced to a
minimum if the correct oil level be maintained.

The oil boat, oil wiper and all piping are free from the crank case oil
guard and may be adjusted with the guard removed. For inspection of the

Figs. 9 and 10.— Ring centrifugal crank pin oiler. This type isadapted to center
crank engines. An oil passage leads from the grooved ring to the crank pin.
In operation the oil which drops into the groove, is carried off by centrifugal
force through the oil passage to the crank pin. In construction, the oil passage
should be of liberal size to prevent clogging.

lubrication system while the machine is running, hand hole covers are pro-
vided at the main bearings, at the top of the crank disc, and in the cover at
the cross head.

Ques.- Explain how centrifugal force is employed in forcing
a circulation of oil.
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MAIN BEARING
TEMPERATURA

OlIL
PRESSURE

6C387

Figs. 11.— Standard force feed lubrication for large compressor, beng a skeleton
diagram showing distribution of oil from the force-feed gear oil pump to
all bearings of a large compressor. In construction, each frame has its own
independent force feed lubrication system which is self-contained. A specially
constructed gear type pump mounted in the side of each frame supplies oil at
approximately 25 Ib. per sq. in. pressure to all running gear parts. The pump is
driven by the crank pin through a full floating telescopic arm which prevents
binding from any possible mis-alignment. A fine mesh cylindrical filter surrounds
the pump and filters all oil before going to the bearings. The pump draws the
oil from the sump in the crank-case through a strainer which protects the pump
gears from damage caused by dirt, scale or any foreign material which might
otherwise be drawn into the inlet pipe. Oil leaving the pump gears pass to the
outside of the cylindrical filter, through the filter, and thence through the hollow
pump drive shaft and telescopic drive arm to the crank pin. From the crank pin, oil
is distributed through drilled passages to the main bearing and also through a
drilled hole in the connecting rod to the wrist pin. From the wrist pin oil is carried
through drilled holes in the cross-head to the top and bottom cross-head shoes
as shown. A relief valve mounted on the oil pump safeguards the lubricating
system against excessive oil pressure. The extra capacity of the oversize pump,
normally by-passed back to the crank case sump, assures maintenance of oil
pressure indefinitely.
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Ans. To illustrate a centrifugal oil ring system is shown in
figs. 9 and 10. Although it receives its supply by drip feed and
not by submersion, it brings out the centrifugal principle.

In operation, centrifugal force tends to throw the oil from the center
of rotation; hence it ﬂresses against the bottom of the groove and is forced
through the duct to the bearing, thus lubricating the pin.

Force Feed Lubrication.— Large compressors (24 in and
larger) are shown in figs. 7 and 8. The system comprises a gear

Fig, 12.— Typical horiionfal steam engine showing splash lubrication system.
Qil is placed in the enclosed frame in sufficient quantity to submerge the con-
necting rod at its lowest point of travel, causing it to splash the oil over the
various bearings. It should be noted that the piston rod stuffing box is outside
the enclosed portion of the frame, thus keeping the oil separate from any
water of condensation, which may leak past the stuffing box— an importa/it

point in this system.

type oil pump, chain driven from the main shaft; is mounted in
the left hand frame and supplies oil at approximately 20 Ibs.
per sq. in. pressure to the bearings. This pump draws oil from
the main oil sump in the left hand frame, through a removable

strainer.
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The strainer serves to protect the pump gears from damage, caused by
dirt, scale or any foreign material which might otherwise be drawn into the
pump intake pipe.

Ques. How does the system operate?

Ans. Oil under pressure is forced through a filter and then
through an oil cooler assuring clean, cool oil for all bearings.
From the filter and cooler the oil is pumped through a header
to separate feeds to each main bearing and crank pin bearing.
Oil to crank pin is carried through a swivel joint and crank oiler.

Fig. 13.— Force feed cylinder lubricator.

From each crank pin bearing oil is piped along the connecting
rod and through a swivel joint to the cross head pin bearing.
Oil is also carried from the cross head pin through drilled pass-
ages in the cross head to both top and bottom cross head shoes.
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Ques. What safety device is provided?

Ans. A reliefvalve installed in the oil line between the pump
and filter safeguards the lubricating system against the build-
ing up of excessive pressure.

Ques. What is the normal capacity of the oil pump?

Ans. The oil pump normally delivers considerably more oil
than is required for the bearings.

Ques. What becomes of the excess oil?

Ans. It is by passed through a relief valve and returned to
the oil sump.

Ques. What safety provision is made in case of low pressure?

Ans. An automatic pressure switch connected to the oil
header is arranged to stop the compressor if oil pressure drop
below 8 Ibs. per sqg. in.

This is an important safeguard as it protects the bearings against damage
from oil failure. This pressure switch must not under any consideration, be
blocked up or tampered with to prevent its normal operation.

Ques. How is the force feed system applied to larger units
such as “four corner” machines?

Ans. An oil reservoir, located in a pit between the com-
pressor frames, provides oil storage capacity, supplementing
the oil sumps cast as part of the frames. A motor driven, cen-
trifugal pump takes oil from this reservoir and pumps it, at
approximately 20 Ib. per sqg. in. pressure, through an oil filter
and oil cooler to a header supplying oil to the bearings.

Lubrication for Air Cylinders.— The cylinders are supplied
by force feed lubricators delivering oil to the top of the cylinder
bore, as shown in fig. 11.
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The cylinders should be lubricated with the best grade of air
cylinder oil, which is to-day made special for air cylinder lubri-
cation by all the reputable oil companies.

Ques. What precaution should be taken in the lubrication
of air cylinders and why?

.4ns. It is advisable to use as little oil as possible, as an excess
quantity of oil tends to form carbon on the valves, making
them leaky which in turn causes excess temperature in the air
cylinders. Improper and excess lubrication might cause an ex-
plosion in the air cylinder, discharge line or receiver.

In general the following is approximately the amount of oil required for
air cylinders:

12to 17 ins diam 3 to 4drops per min.
18 “24 4+« 6 * -
25 “33 ¢ 6 “ 8« “
35 " 45 T e 9 “12 i

As figuring oil by drops is only approximate, the following table lists the
q ]Lcjanti;c]y of oil which is required for the larger size compressors, for a period
of ten hours:

Oil Required Oil Required
Stroke In 10 hrs. Stroke In 10ins.
14 ins. .50 pints 24 ins. .90 pints
16 * 55 27 " 105 *
18 “ 65 “ 30 “ 120 *“
21« a5 36 - 135 *

Ques. Do the rates just given hold for new compressors?

Ans. No. When a new compressor is first started, double the
previous quantity of oil for a short time, but when the machine
isrunning in proper shape, these quantities of oil are the maxi-
mum required for good operation and should be reduced as
much as possible whenever the circumstances permit. Many
compressors are operated on less oil than shown in the table.
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CHAPTER 53

Operation

The compressor having been installed and piped in accord-
ance with the instructions in the chapter on Installation, carry
out the instructions following before starting the compressor.

Preliminary Procedure.— 1. Clean up the floor and founda-
tion, and remove all cement, dirt and dust from the exterior
of the compressor.

2. Remove the oil covers on the frame. Wipe out thoroughly
every portion of the interior and oil basin to insure a clean in-
terior, free from dust and dirt which may have entered during

shipment and installation

Clean the slush and dirt from the piston rod.

3. Blowout all oil piping, passages and pocketswith a jet of air.

Use a bellows if no other means be available. This part of the compressor
cannot be too clean. Thoroughly inspect the compressor.

4. Compressors shipped assembled require no adjustment of
the parts before starting because they are operated previous to
shipment under full speed and air pressure, and are properly
adjusted before leaving the factory.
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However, the compressor should be carefully inspected to see that
nothing is loose or has been tampered with during shipment or installation.

In addition to the instructions given in the chapter on Lubri-
cation, the following suggestions should be noted:

Starting the Compressor.— 1. Rotate or bar the compressor
over a few times by hand to see that it works freely and that
everything is clear. This is an important precaution as accidents
have resulted by the starting of a newly erected machine with-
out first having turned the compressor through at least one
revolution.

2. When starting for the first time, or after overhauling or
installation of new parts, run the compressor without any pres-
sure for an hour or so.

If the compressor is to pump directly into the line, see that it is kept
unloaded during this period, or open a valve in the discharge line so that no
pressure will be built up.

3. Turn on a full supply of cooling water to the compressor
cylinder jacket.

4. See that there is plenty of oil in the cylinder lubricator and
that the oil in the bed plate is of proper height.

With force feed lubricators for the cylinder, break each of the lubricator
piping joints nearest the cylinder and pump the lubricator by hand until
oil appears at the broken joints. This shows a clear passage and insures oil
at the cylinder just as soon as the compressor starts.

This procedure is recommended for starting after long shut downs.
Usually after one day shut downs, pumping the lubricator by hand is suffi-
cient, and after shorter shut down periods this is usually not necessary.
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5. Start the compressor and make sure that the tops of the
wheels rotate toward the cylinder.

6. On steam driven compressors, open the drain cocks on the
steam cylinder and steam chest, and drain the steam pipe above
the throttle valve until it is warmed up.

Then open the throttle very little and let steam blow into the steam
cylinder until it is thoroughly heated up, turning the compressor over very'
slowly' so that steam blows first into one end and then into the other.

When well warmed up, give it a little more steam and let it run slowly’
awhile, gradually bring it up to speed.

Regulating the Cooling Water.— A liberal supply of cooling
water is needed to absorb the heat of compression. Otherwise
this heat increases the power required to compress the air and
renders cylinder lubrication less effective.

The actual amount of cooling water to be supplied to each
jacket varies with different conditions of water temperature and
compressor load. In general, sufficient water must be circulated
through cylinder jackets so that the discharge water feels warm
to the hand (approx. 100° to 110° Fahr.).

The intercooler requires two gallons of water per minute for every 100
cubic feet of piston displacement varying according to the temperature of
the intake water. With sufficient cooling water the end of the intercooler
connecting with the high pressure cylinder should feel cool to the hand.

If the water discharging from the cylinders be too cold, it may cause a
condensation of moisture along the interior of the cylinder wall and impair

lubrication.

As more water is required for the intercooler than should be used in the
cylinders, the drain valve at the bottom of the cylinders can be opened
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slightly so that just enough water will be carried through the cylinder to
keep the temperature of the water leaving the cylinder warm to the hand
or approximately 100 to 110° Fahr.

Do not permit water to circulate through the water jackets and inter-
cooler after the compressor has been shut down as moisture will form on the
cylinder walls and destroy the cylinder bore polish.

Ques. What precautions should be taken after running
without any pressure for an hour or so?

j4ns. If the compressor show no signs of heating in the bear-
ings or stuffing boxes, the pressure may be increased gradually
to the working point.

Ques. What is the next precaution that should be taken?

Ans. Watch the regulators (and governors on a steam driven
machine) and never leave the machine until satisfied that they
control the compressor properly.

Make sure that the safety valve will start “blowing” at a pressure just a
few pounds higher than the working pressure.

Ques. What should be done after the compressor has run for
an hour or so and is thoroughly warmed up?

Ans. Go over the exterior of the machine and tighten-any
loose nuts. Gaskets squeeze up a little when new. Do not use too
much wrench pressure on the valve cover set screws as this may
spring the valve seats and cause leakage and excessive heat.
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Ques. What next should be done?

Ans. Adjust the flow of cooling water through the com-
pressor cylinder jackets, so that the outlet is just lukewarm
(between 80° and 100° Fahr.).

Ques. What general attention should be given when the
compressor is running?

Ans. The compressor should be watched closely at the start,
particular attention being given to the crank case. Even though
the compressor has been carefully cleaned, there is sure to be
more or less dirt remaining which will be washed out by the
circulation of the oil. All of this dirty oil must be removed.

The bottom of the crank case should be wiped out again, all sediment
removed and a fresh supply of oil put in. This will remain clean for a longer
time; but when it becomes too dirty, it should be removed.

Ques. What should be done with oil when removed?
Ans. The oil removed may be filtered and used again.

Always pour oil over the bearings and fill trough and oil boats where fur-
nished before starting compressor after the crank case has been drained
and cleaned or after a long shut down.

Ques. How often should the oil be removed?

Ans. Once the compressor is in operation and the interior
thoroughly cleaned in accordance with the foregoing instruc-
tions, it should not be necessary to change the oil more often
than once a month.
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Compressor
Operating Suggestions

All Compressors.— 1. Drain the receiver frequently and
regularly. An accumulation of oil in the receiver may cause an
explosion of oil vapor. A trap makes an ideal way of automati-
cally draining the receiver.

2. Test the safety valves on the receiver and other places
occasionally by means of the hand lever or by raising the air or
gas pressure to the proper blow-off point.

3. Keep asupply of cool water flowing continuously through
the water jacket of the air cylinder while the compressor is
running.

4. Keep the piston rod packing well set up, but not so tight
as to cause excessive friction or score the rods.

5. Keep compartment between piston rod stuffing boxes well
drained.

6. Usually 1 to 5 drops of oil per minute are sufficient for
lubricating the compressor cylinder. Too much oil will form
carbon on the valves.

7. Maintain a constant level of good clean oil in the crank
case.

8. Have regular times for inspecting the lubrication system,
inlet and discharge valves, also for cleaning the interior of the
compressor cylinder and water jackets.
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9. Inspect bearings occasionally, keeping them properly ad-
justed. Do nqt let a bearing pound.

10. Keep all bolts tight.

Gaskets will squeeze up a little with time. Do not use too much wrench
pressure on valve cover set screws, as this may spring the valve seats and
cause leakage and excessive heat.

Belt Driven Compressors.— For machines connected by belt
drive, note the following suggestions:

1. Inspect belt regularly.
2. Keep belt surfaces clean.
3. Apply dressing to leather belt which is too dry.

4. Apply proper amount of dressing. Enough dressing in
winter is too much in summer.

5. Take grease out of belting which is too oily.

6. Do not expect too much from a leather belt when sub-
jected to temperature in excess of 100° Fahr.

Steam Driven Compressors.— Note the following with this
type of drive. 1. Drain all low places in steam lines. Provide
automatic traps. Never connect a trap to more than one point
as a slight difference in pressure will prevent draining more than

one point.

-2. Drain steam cylinder by opening drains as soon as the
machine is stopped.

To Shut Down Compressor.— First read chapter on Regu-
lating devices.
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After shutting down, shut off the cooling water, and on steam

driven machines open the steam cylinder and, steam chest
drains.

If the compressor is to be idle for some time in freezing weather, be sure
there is no leak of cooling water or steam into the cylinders.

Extra precautions should be taken in freezing temperature
because a cylinder or head will surely crack if water be allowed
to freeze in it.

If the shut down be a long one, it is advisable to remove packing from the
stuffing bones as it is apt to corrode and pit the piston rod when packing is
left in the boxes.
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CHAPTER 54

Maintenance

By definition, maintenance is: The act or process of keeping
anything, especially machinery, in a state of efficiency and good

order.

The term maintenance broadly comprises:

1.

6.

g W

Inspection.
Cleaning.
Care.
Adjusting.
Renewing.
Repairs.

The successful operator must not only understand the neces-
sary conditions of working and control, but he must know how
to meet the numerous disorders and mishaps that may be en-
countered as those arising from:

1.
2.

Faulty construction.

'Careless or ignorant handling.

Disorders arising from careless or ignorant handling are those

due to:
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Insufficient lubrication.
Faulty adjustments.
Racing.

Overheating.

Wear or breakage of parts.

INSPECTION

Regular inspection should be made at definite intervals at
which time any necessary corrections may be made, such as
replacement of worn parts, new packing, adjustment for wear
of working parts and cleaning air valves and crank case.

@ or e e

Every Day.—Check oil level in crank case and lubrication.

CLEANING

Machinery should be clean to begin with— and kept clean.
Dust and almost any foreign matter contains abrasive particles
which coming into contact with any of the working parts
accelerates wear, resulting in lost motion, loss of compression,
noisy operation, etc. It is of extreme importance that every-
thing be kept immaculately clean.

Every 100 hours of operation.—Drain the sludge from the bottom of
the oil filter by removing the drain plug. Air pressure may be applied at
the top of the filter to help blow out the sludge. A fitting is provided to
receive a standard tire fitting chuck.

Every 500 hours of operation.—Drain the crank case. While the oil is
drained, clean the strainer (located in the bottom of the crank case) and
wash out the bottom and comers of the crank case with kerosene or gasoline
to remove any sediment that may have settled.

The strainer can be cleaned by disconnecting from the copper tubing and
removing the strainer. Refill the crank case with new oil. Check the valves
for valve and valve spring wear, carbon formation, etc.
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The presence of any deposit on the valves indicates that either the intake
airis dirty or that too much oil or unsuitable oil is being used.

All ports and passages should be examined and any obstructions such as
carbon and sticky oil removed.

Clean the filtering element of the oil filter—remove top nut, outer shell,
and lift out filtering element. Scrape the sludge from the element and wash
in kerosene or gasoline.

Clean the oil cooler. Remove the water lines to the cooler, and then
remove the reducing bushings on each end by unscrewing from the cooler.

Remove the cooler from the frame of the compressor.

Wash the cooler in kerosene or gasoline to remove sediment in the cooler.
If the tubes show signs of scaling they should be cleaned by pushing a rod
or wire brush through the tubes.

These recommendations as to time are considered as average.

In some cases a closer check must be maintained and in others a longer
time may be allowed between checks. On installations where the unit is in
an ideal location a good grade of oil used, and the filters cleaned regularly,
the oil can be left in the unit for periods of 2,000 hours or longer. A check
by the operator should determine the proper periods for cleaning and chang-
ing oil and oil filters.

CARE

The term care is here used in the sense of maintenance, that
is, in the constant running of an engine certain supplies such as:

1. Qils.'
2. Packings.
3. Gaskets, etc.

must be kept on hand and applied and adjusted at the right
time, and with the right technique. Much has been said on such
items in other parts of the book and no repetition will be made
here, but instead additional instructions will be given.
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ADJUSTING

Natural Wear.— No machine as yet has been invented which
will operate without adjustments or occasional repairs. Friction
imposes wear that even the best lubrication cannot eliminate,
and breakdowns from many and varied causes are inevitable.
Careful handling will prevent most shutdowns. A needed minor
repair may soon develop into a major repair. Putting off until

Fig.1l.— Main bearing. In this design the main bearing can be removed without
disturbing the shaft or rotor.

to-morrow what should be done to-day has caused many an
engine compressor to be wrecked or to wear out before its time.

Ques. Which are the major wearing parts of a compressor?
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Ans. 1, Piston rings; 2, cylinder or liner; 3, valves; 4, piston
rod.
The piston also receives wear, but in most cases the rings take the brunt

of the wear. The valve plate cover cap screws and other bolts and nuts
receive wear not from operation but from taking out and replacing.

The close observation of the compressor is essential to see that the worn
parts do not become too worn and cause additional damage.

Adjustment of Main Bearing.— For illustration, consider the
type shown in fig. 1. Here the main bearings consist of three
boxes, two side and one bottom, and may be adjusted by means
of the two large set screws in the bed plate. This adjustment
is important and calls for good judgment.

Ques. What is the first thing to do?

A/is. Take up on adjusting screws uniformly and tight, then
back off set screws a half fiat and hold adjusting screw and
tighten jam nut.

Ques. What is the result of this adjustment?

Ans. It will give a somewhat loose bearing and there should
be a slight pound when the machine is first started up.

If bearing fail to become quiet after machine is warmed up from two or

three hours running, take up very slightly on adjusting screws, being careful

to take up the same amount on each screw. After any such adjustment
watch bearing carefully to make sure it does not heat up.

Ques. What precaution should be taken?

Ans. It is far better to make two of three slight adjustments
to get proper bearing cleamace than to pull bearing up too
tight and bum it out.
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Ques. What is the procedure when it is necessary to inspect
or renew the boxes?

Arts. Take off the caps, loosen the set screws and slide the
oil ring along the shaft. Jack up the shaft just enough to re-
move pressure from the bearing. The side boxes can then be
removed sideways, turned and lifted out. The bottom box
should be moved in the same manner until the ribs line up with
slots in the bed plate, then turned around the shaft and lifted
out.

There is a plate in front of quarter box against which the set screws bear.
This plate is to fill up the gap between bed plate and bearing box so that if
set screw should get loose no excessive movement of shaft can occur, and
damage motor windings. (This is a direct connected electric driven machine
being considered.)

Ques. What should be placed between the main bearing cap
and the bearing jams of the bed plate?

Ans. Liners.

Ques. Describe the adjustment.

Ans. The bearing cap should be adjusted by means of these
liners so that there is about 0.004 in. clearance between the cap
and the top of each side box.

A main bearing for a large machine is shown in fig. 2. Referring to the
illustration, positive lubrication of the bearings is provided through oil
basins in the top box of each bearing. These are filled from the frame
lubrication system.

Sight cups outside the machine show the oil flow to these basins, and
removable cover directly over the bearing provides an additional means of
inspection.

Adjusting Roller Type Main Bearings.— On the machine
being considered, the main bearings are over size, double row,
Timken tapered roller bearings, which are carefully and
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properly set up before shipment. If unusual operating conditions
necessitate adjustment of the main bearing, proceed as follows:
‘Take off wheel at the bearing to be adjusted. Remove the
stamped steel oil guard and gasket and remove the bearing cap.

The adjusting nut is now wholly accessible. Loosen the clamp bolt and
by means of a bar of steel, ¢ hammer and the cast notches in the nut itself,
it is very easy to tighten up the bearings.

A fine thread on the nut permits close adjustment.

Fig. 2.— Large compressor main bearing. Bearing adjustments are made by
means of a slow taper wedge moved by pull bolts and locked by jack screws
outside the bearing cap. The bearing permits additional adjustments in all
directions.
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Ques. How is it known when the bearing is properly ad-
justed?

Ans. It is properly adjusted when there is no perceptible end
play and the compressor turns over quietly “nd freely by hand.

Fig. 3 is a sectional end view which illustrates the double row Timken
tapered roller bearings.

Fig. 3.— End sectional view illustrating double row Timken tapered roller
bearings.

Adjustment of Cross Head.— Consider the type shown in
fig. 4. It is as seen, of the box pattern, made of cast steel with
wedge adjusted top and bottom shoes.

Ques. What is the regular name for shoes?
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,4ns. Gibs.

Ques. How is the cross head shown in fig. 4 adjusted?

Ans. Loosen tap bolts A and A, and then turn adjusting
screws C, which will move wedges and force shoes outward.
When in correct position, be sure to draw up all tap bolts
tight.

Fig. 4.— Cross head details. Box type with wedge adjustable gibs.

Of course this does not mean to take a six-foot wrench and strip the
threads.

Ques. What should be done before cross heads have been
worn in?

Ans. Care should be taken to allow enough clearance to keep
the gibs from heating.
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Ques. Describe the clearance setting.

,4ns. Start with about .012 in. clearance and when the bear-
ing surfaces have been worn in, take up the clearance to approx-
imately .008 in.

The cross head pin here shown is hardened, ground and held in cross
head by tapered fit with washer D, tap bolt and lock washer, and kept from
turning by pin in slot E.

Ques. What should be done if tap bolt F become loose?

,4ns. A safety tap bolt and lock washer, G, will keep cross
head pin from working out until pin is pulled up tight in proper
position.

Ques. What happens when wear occurs at the piston and
cylinder wall?

Ans. The piston naturally sets in a relatively lower position.

Ques. What should be done to compensate for this wear and
reestablish the original alignment?

Ans. The cross head should be lowered an amount equal to
the wear.

Ques. How is this adjustment made?

Ans. First loosen tap bolts and back off wedge at bottom
until piston rod is level, then pull in wedge at top to give cor-
rect clearance in cross head guide. Be sure tap bolts are tight-
ened up securely after adjustments have been made.

When the adjustment has been completed, check the pistonrod to make
certain it runs true by placing an indicator on it and barring over the com-
pressor a few turns.
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Adjustment of Connecting Rod.— The connecting rod here
considered is of the solid end type with wedge and screw adjust-
ments as shown in fig. 5.

There are two adjustments:

1. Crank pin bearing.
2. Wrist pin bearing.

On the connecting rod is a scoop rolled into the bottom of it
which dips into the oil with every revolution and forces the oil
into the crank pin bearing.

With this arrangement it is necessary to keep the oil in the bearing and.
therefore, there are shims between the two halves of the bearing.

Referring to the illustration (fig. 5), the wedge part 49 now
acts as a lock for the bearing and maintains a fixed clearance
between the bearing and the crank pin.

This clearance isset at approximately. 003 in. when the compressor leaves
the shops and with this clearance the machine will run a long time before it
becomes necessary to take up.

Ques. Explain how to reset the bearing.

Ans. Remove the cotter pin and the castle nut 50A. Then
take out the wedge and turn crank shaft so that the wedge half
of the box moves forward to take up the space created by the
removal of the wedge. This leaves space to take out the shims
between the bearing halves. The shims are made up of .002 in.
laminations and, therefore, it is possible to make a close adjust-
ment. In peeling off shims be sure to peel off the same number
of laminations from both shims.

Ques. How is the bearing reassembled?

Ans. Dip shims in heavy grease and push against back half
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of crank pin box, the grease will keep the shims in position while

the front half of the box is being pushed back into position.

Insert the wedge and lock the bearing assembly by pulling up

tight on the wedge bolt and putting cotter pins in place, main-
taining .003 in. running clearance in the bearing.

The crank pin box can be replaced without touching the main bearings

or removing the connecting rod. Remove nut 50A and wedge bolt 50, from

outer end of rod, which will allow crank pin box wedge 49, to be taken out
at the side, the crank having been placed on the forward or outer center.

The outer crank pin box can then be drawn forward from pin and taken
out at the side.

Turn the crank in the direction of rotation about one third of a turn, to
push the connecting rod up and back, and then give the crank a slight
reverse rotation to bring crank pin toward the outer center again and
separate the crank pin from the rear crank pin box. The latter can then be
removed by drawing forward slightly and taking out at the side.

Ques. Describe adjustment of the crank pin box in the con-
necting rod.

/ins. Caution. This adjustment is simple to make, but it must
be done carefully. A loose bearing will knock and a tight bear-
ing will heat up.

The correct way to adjust the crank pin bearing is first to remove the
cotter pin 50B, and loosen the castle nut 50A. Then turn wedge bolt 50, by

means of wrench applied at the head of the bolt 50 on the under side of the
connecting rod, and pull up until the bearing grips the crank pin.

Back off the wedge bolt one quarter turn and tap the wedge bolt to free
wedge. This will finally give proper running clearance.

Pull up castle nut to lock position of wedge at the same time hold bolt
with wrench to prevent wedge bolt turning and insert cotter pin.

Ques. Describe how to adjust the wrist pin bearing.

Ans. It is adjusted by means of wedge 52, and set screw 53.
Lock nut 53B, is first loosened, so that screw 53, can turn in
wedge 52. Screw 53, bears on lower wall of connecting rod end
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so that screwing it in raises wedge 52, and takes up bearing
clearance.

To adjust the bearing correctly, the set screw should be screwed in until

the bearing grips the cross head pin, then back off set screw one quarter

turn and free wedge by tapping set screw. This procedure, if followed will
provide the correct running clearance.

Ques. What should be done after adjusting the wrist pin
bearing?

Fig. 5.— Connecting
at both ends.

Ans. After adjusting, lock all parts with lock nut 53B. There
is a sleeve 53A, between lock nut 53B and wedge 52, enabling
set screw 53, and wedge 52, to be locked together by nut 53B.

Ques. How is the wist pin box removed while the connect-
ing rod is in position in the machine?

Ans. Loosen lock nut 53B, and take out set screw 53, thereby
freeing wedge 52. Take off the wrist pin hole cover from the
side of the bed.

Remove the washer, screw the tap bolt in the pin again, and then move
the cross head so that by unscrewing the tap bolt the latter will jam against
a rib so provided in the side of the bed plate.
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Put a light strain on the tap bolt by unscrewing it. Then hit the cross
head with a lead hammer, causing the wrist pin to spring loose. The pin
may be removed through the hole in the other side of the bed plate.

On some smaller compressors the wrist pin is secured by a washer and
bolt running through the pin.

To remove the pin on such machines, first remove the bolt and washer.

Place a nut or similar object on the end of the wrist pin opposite
the hole in the frame and lightly drive the wedge (used in removing the
compressor wheels) between the nut and the rib on the side of the frame.

Do not hit the wedge with the purpose of driving out the pin. Simply
drive the wedge lightly and then hit the cross head with a lead hammer to
spring out the pin.

The pin having been removed, the rear end of the connecting rod can be
lifted out of the cross head and both half boxes removed.

Piston Adjustment for Clearance.— After considerable wear-
ing of the connecting rod bearings, the piston may be a little
nearer one end of the cylinder than the other. This clearance
may be measured when machine is cold, by first removing one
of the valves in each head of cylinder, and then finding the exact
clearance by barring over compressor, using lead wire between
piston and inside face of cylinder head which will be flattened
out to amount of clearance when piston has been moved to end
of stroke.

The piston rods may then be screwed in or out to adjust clearance by
loosening piston rod jam nut and screwing back to end of thread. Then
with special cross head jam nut wrench move piston rod in or out as may be
required. Never use wrench or similar tool on the piston rod.

Clearance at the frame end should be about 5/i in. less than at the back
end. After proper adjustment lock piston rod jam nut against the cross
head.

Piston Rod Oil Wiper Rings.— On some machines the stuffing
box in the partition between crank case and frame head yoke
contains a set of metallic wiper rings of soft metal. These rings
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are split and held to the piston rod by means of garter spring.
The rings have a special edge for wiping the oil off the piston
rod and have grooves for draining. The oil then flows back into
the crank case.

The oil wiper rings are designed to wipe the rod practically dry, leaving
just enough oil film to lubricate the cylinder packing.

Ques. What attention should be given to these rings?
Ans. Clean the wiper rings periodically.

Nicks or dents in the rings or a scored rod prevents a tight seal.

Ques. What should be done in the case of broken springs?

Ans. They should be replaced at once.

Ques. How are wiper rings assembled?

Ans. In assembling, stagger the joints.

Ques. What should be done to newly installed wiper rings?

Ans. They should be spotted to the piston rod to insure them
hugging the rod.
Fig. 6 shows typical design of partition plate oil wiper rings. Note that
there is only one correct way to install these rings. Refer to the illustration.
The total end clearance of the wiper rings should not be more than .003 in.

More clearance will cause the rings to act as a pump instead of wiping the
oil from the rod.

Ques. What provision is made with force feed lubrication?

d/is. The partition plate stuffing box is fitted with tangential
cut, cast iron oil scraper rings. These rings are specially de-
signed to take care of the larger amount of oil carried by the
piston rod on machines equipped with force feed lubrication.
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Ques. How should partition plate and scraper rings be
installed?

Ans. As shown in fig. 7.

Servicing Stuffing Boxes.— The reader should review the
extended treatment given to packings and stuffing boxes in

Fig. 6.— Partition plate oil wiper rings.

the first section of this book, as there will be no duplication here.

The compressor cylinder front head stuffing box seals the
rod against air or gas leakage into or from the cylinder. On
standard air compressors this box, shown in fig. 10, is packed
with a number of rings of fibrous packing.
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A sufficient amount of packing is furnished for this box and
any others that are to be so packed. This packing is cut to
proper lengths, and the packing for each stuffing box is wrapped
in a separate package. If the labels be preserved, additional
packing can be ordered by giving the dimensions or other
markings on the package.

Pack the box as follows: 1. Move back gland 71 (fig. 10).
2. Make sure that bushing 155 is located at the inner end of the box.

3. Dip each ring of packing into a good grade of crank case oil and insert
one ring at a time, pushing it well into place. The joints of succeeding rings
must be staggered.

4. Put the gland 71 in position and draw up evenly on the gland bolts
until they are snug, then back off the nuts and tighten them again with the
fingers only.
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5. Always adjust the stuffing box glands while the compressor is running.
Tighten the nuts only enough to prevent leakage. Further tightening results
in undue friction, wear on the packing and possible scoring of the rod. Keep
the nuts set up evenly so that the gland is square with the rod.

6. When a stuffing box leaks excessively after wear, and leakage cannot

be stopped by pulling up lightly on the gland nuts, repack the box with new
packing.

On steam driven machines attention must be given to steam
cylinder and steam chest stuffing boxes. On such machines

STurriNG box.

Figs. 8 and 9.— Metallic ring type stuffing box located in the partition plate
where 'he piston rod passes through the crank case. On some gas compressors
this may be of the soft packing type, as shown in fig. 10.

where the piston rod passes through the steam cylinder heads,
and where the valve rod passes through the steam chest cover,
the stuffing boxes are packed with fibrous packing similar to the
air or gas cylinder front head box.
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Ques. How is the packing applied to the box?

,4ns. 1. Move gland back. 2. Dip each ring of packing into a
good grade of crank case oil and insert one ring at a time, push-
ing it well into place. The joints of succeeding rings must be
staggered. 3. Put the gland in position and draw up evenly on
gland nuts until they are snug, then back off the nuts and
tighten them again with the fingers only.

Fig. 10.— stuffing box for air cylinder of single stage compressor. This general
construction is used for steam cylinders, some two and three stage compressor
cylinders and sometimes for the crank case partition plate.

Gaskets.— Any graphited asbestos body sheet packing can be
used for gaskets between air cylinders and heads. Rubber pack-
ing is not satisfactory as the heat and oil in time will soften it.
Material for air head gaskets should be one-sixteenth inch thick
to provide proper clearance between piston and heads.

The gaskets under the valve seat and also under the cover
are of special type consisting of a copper covering over an as-
bestos core. This makes an ideal gasket and can generally be
used over many times. Should they be damaged and others not
available, substitutes can be made out of soft copper wire with

ends soldered, or of Yi in-cord packing.
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If gaskets be irregular in size, fit over valve seat if tight inside; and into
recess in cylinder head, if tight outside.

Heavyigrease or shellac is a convenient substance if there be anything
wanted to stick gasket in place. It is advisable to carry a complete extra
set of gaskets obtained from the compressor manufacturer. They are in-
expensive and much better than any substitute.

Oil Sealing Rings.— Split ends covers on the frames are fitted
with split oil sealing rings to prevent leakage of oil along the
main shaft. Rings should be installed with the beveled joint
at the top of shaft.

Fig. 11.— Compressor cylinder with valve passages at ends.

To insure proper application and to prevent damage to the
sealing lip of the ring, the installation should be accomplished
in the following steps:

1. Oil seal rings should not be heated before application.

Preferably they should be installed at room temperature (70 to 80°
Fahr.).
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2. See that recess is thoroughly cleaned and that all burrs
and sharp, cutting edges are removed.

3. Apply grease or oil to the shaft.

4. Place the ring around shaft at point near the recess into
which it is to be installed.

5. Compress the ring slightly by squeezing the sealing lip to
the body of the element.

6. Start the compressed end of che sealing element into the
recess at the top or upper side of the housing, inserting the lip

Figs. 12 to 14.—installation of oil seal rings.

first, as shown in fig. 12, and gradually work the heel or back of
the element into place, keeping the seal compressed while so
doing.

7. Continue this process around thé entire periphery of the
shaft until the sealing element is inserted in the recess as shown
in fig. 13.

8. Seat the element in the recess, as shown in fig. 14 by tap-
ping lightly, using care to prevent damage to the lip.

9. Apply cover plate, bolting tightly into position to com-
press oil seal ring into recess.

10. It is important that oil sealing rings should not be too
tight on shaft as this would cause excessive heating.

If rings be found to be too tight, they should be relieved slightly with a
smooth file.
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Piston and Rings.—On machines 14 to 18 in. stroke, typical
construction is to have the piston a press fit on the piston rod,
.being locked by a recessed round nut. In other designs the piston
is a taper fit on the rod, being held by a large nut which is
locked with a set screw.

Fig.
The piston rings if of the three-piece type will include two outer sealing

rings and one inner or spring ring. One outer ring has a right-hand angle
joint and the other has a left-hand angle joint.

Ques. What should be noted about piston rings?

Ans. They tend to rotate when in operation.
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Ques. In this connection what is the important procedure
in installations?

/Ins. When installing make sure that each three piece ring
has one right hand and one left hand outer ring so rings will
rotate in opposite directions and thus avoid the possibility of
the splits lining up and allowing leakage through the joint.

Fig. 16.— Goss sectional view of cylinder with valves arranged radially in barrel.

Care and Adjustment of Compressor Cylinders.—The cylin-
der with its valves, piston, piston rod and heads, represents
the heart of the compressor and, therefore, should be periodi-
cally inspected. There are numerous designs of air cylinders
and the service procedure will depend in part on the particular

cylinder being serviced.
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The valves may be in the heads or at the ends of the cylinder.
The accompanying illustrations show variations in design.

Considering for instance a cylinder of the type shown in fig. 16 with
valves in head, it is necessary only to remove the cap nuts on the back head
to remove the cylinder head.

In the care and adjustment of'compressor cylinders, atten-
tion is given principally to the valves.

Taking the cylinder shown in fig. 15, for example, its valves are of the
channel type. The instructions following relate principally to channel valves.

Ques. -What is the most important requirement to get the
maximum efficiency out of any compressor cylinder?

/Ins. The admission and discharge valves must be tight.

Ques. What inspection and attention should be given at
regular intervals.

Ans. Inspect the valves, valve passages, and cylinder bore
at regular intervals, and remove any accumulation of foreign
matter.

Dirty Valves.—Valves in this condition not only cause a loss
in capacity of the compressor, but can become the source of
other troubles.

These troubles can be eliminated by a periodic check of the
valves and valve passages.

No definite time for cleaning the valves can be given as this must be
judged by the operator.

When the compressor is first started, try checking the valves once a
month and if found to be particularly dirty, locate the cause.
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A few causes of dirty valves and the remedy for each are
listed here:

1. Dirty intake air.

Remedy: Install air intake filter.

2. Excess oil or the improper grade.

Remedy: Consult oil company for correct compressor oil and feed only
the amounts recommended.

Fig. 17.— Channel valve with stop plate raised to show valve channels and valve
springs in place.

3. High temperature of the air.
Remedy: Check cooling water circulation. Check valves for leakage.

To Remove Valves from Cylinder.—In removing valves from
the cylinder the same method may be used for each type. Each
type valve assembly, including crab'or free air unloader assem-
bly when used, is held in place by the valve cover set screw.

1. Shut down the compressor and lock the switch if possible
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(or shut off steam) so the compressor cannot be started acci-
dentally before work is completed.
2. Close the valve in discharge line (to receiver).
Blow off air in the inter cooler of two-stage compressors and between the
compressor discharge and valve in discharge line.

If the compressor have free air unloaders, the pressure must also be
released from the regulator.

3. Obtain a piece of chalk and as the valve assemblies are
removed from the cylinders place corresponding marks on the
assemblies and near the hole from which they are removed.

Later they must be returned to the same hole from which they were
taken'.

When taking the valve apart use plenty of chalk marks-to assure the
re-assembly of the valve parts exactly as they were originally.

4. Loosen the valve cover set screw lock nut and unscrew
the set screw a few turns.

Then unscrew the four tap bolts which hold the cover in place, and remove
the cover.

Lift out the valve assembly but be sure not to injure the ground-joint
surfaces in doing this.

When taking out an inlet valve, which is assembled with the free air
unloader, take care that the free air unloader assembly does not fall out.
Lower the cover slowly so that the unloader assembly will follow with it.
If the gaskets be not damaged they can be used again.

Cleaning Valves.— Any dirt or carbon in the valve ports can
usually be cleaned out without taking the valve apart. Brush
the valve parts carefully so as not to damage the seating sur-
faces. Rinse the valve thoroughly in kerosene or safety solvent
to remove the loose particles. Soaking the valve overnight in
kerosene oil or safety solvent followed by a stiff brushing or
light scraping will remove all carbon.
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Ques. What precaution should be taken after the valve is
thoroughly dried?

Ans. Replace it in the same hole from which it was removed.

Ques. What precautions should be taken with respect to
the cylinder?

Ans. Never use kerosene, gasoline or coal oil in air cylinder
to clean it out. This is a very dangerous practice and should be

prohibited.

Instructions for Various Valves.— The following paragraphs
give separate instructions for the correct assembly for each

type of valve'.

Channel Valves.— The channel valve complete consists of
the seat, stop plate, channels and the springs. All parts are the
same for the inlet and discharge valves except for drilling (and
consequently the assembly) of the seat and stop plate.

Normally the valve assembly is held in position by a ring
type crab fastened to the valve by means of fillister head screws.
Where a free air unloader is' used, the unloader takes the place
of the crab.

To take valve apart— 1. Take out the fillister head screws
and lift off crab or unloader assembly.

2. Take out the two flat head screws which hold the seat and
stop plate together.

3. Lay valve on a clean flat surface with the valve seat down,
as shown in fig. 17.

4. Turn the stop plate one quarter turn to loosen springs
and then lift it off.



332 Maintenance

5. Remove each spring
and its channel separately,
clean them, and then place
them exactly as taken out
without turning end for end.

In this way the original seat-
ing surfaces will be maintained.

6. The joint between the
seat and stop plate is ma-
chined smooth and must not
be damaged in handling.

When reassembling inlet
valves, as a further precaution
against leakage, a thin coating
of red lead or similar sealing
compound should be applied to
this joint.

Any sealer should be allowed
to set thoroughly before run-
ning the compressor.
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7. Replace the step plate and flat head'screws and tighten up.

Replace the crab or free air unloader assembly and the fillister head
screws. See that lock washers are under the fillister head screws and that the
screws are well tightened.

8. Press each channel separately back against the stop plate
to make sure each works freely.

To Replace Valves in Cylinder.— Before replacing valves in
a cylinder, inspect the valve seat gasket and also the valve
cover gasket. If the gaskets be damaged, replace them with new
ones. These are special gaskets consisting of a small copper
covering over an asbestos core. This makes an ideal gasket and
generally can be used many times.

Should they be damaged and others not available, substitutes can be
cut of H*in. sheet ashestos packing. This, however, should be used only in
case of emergency. It is advisable to keep one or two standard seat and
cover gaskets in stock at all times. The type of valves here shown do not
need to be ground in. When new, there is apt to be a slight leakage at first,
but after running a short time, the valves become tight and remain so
through their life.

In replacing valves in cylinder, proceed as follows:

1. Put each valve assembly in the same cylinder hole from
which it was removed, place the valve so that it will rest squarely
on the cylinder seat gasket.

In putting channel valves in the cylinder turn the valve assembly so
that the valve ports are parallel with the piston rod.

2. Place the valve cover on the cylinder, being sure its gasket
is squarely in place, and draw down the opposite cover nuts
evenly and in turn so as not to tilt the cover.
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3. Tighten down on the valve cover set screw (this should
require about two turns) drawing it snug to hold the valve
on its seat.

To prevent leakage along the thread, a turn of solder or fuse wire is
placed around this screw and set down into a recess around the thread by
means of the set screw locking nut.

4. To aid in assembling a channel valve in the bottom half
of a cylinder when free air unloaders are not furnished.

A special rod threaded on one end is furnished to slip through the hole

of the hollow set screw. Screw the rod into the valve crab which is tapped

for the rod. Raise the valve into position in the cylinder and hold it there
temporarily by means of the rod.

Then slip the cover set screw (with its cover) over the rod and into place
while still holding the valve in position by means of the rod. Bolt on the
cover, screw the set screw against the crab, then unscrew the rod and
remove it. '

Replace the pipe plug in the end of the cover set screw.

5. After all valves have been replaced, turn the compressor
over one complete revolution by hand to see that everything
is clear.

6. Open the valve in the discharge line and the one in the
line to the regulator. Start the compressor in the regular
manner.

7. After the compressor has run a few days the valve cover
set screws should be examined and tightened a little if necessary.

Sometimes the valve seat gasket will squeeze up somewhat when first
put into use, and if not followed up the seat will become loose.

Free Air Unloaders.— A complete understanding of the in-
stallation and operation of the free air unloader should be ob-
tained by the operator in order to maintain an efficient regulat-
ing system.
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To Remove the Free Air Unloader.— 1. Disconnect the out-
side regulator connection to the cover set screw.

2. Remove the outside valve cover as previously described.

3. Remove the valve and unloader assemblies together.

4. Take out the two fillister head screws holding the un-
loader assembly to the valve assembly.

The only care which the free air unloader may require is possibly the
replacing of the gasket or diaphragm at rare intervals.

General Instructions for Channel Valves.— The spring and
channel widths are held to very close manufacturing tolerances
to provide the correct clearance. This fit must be changed.

Channels and springs that are improperly made will not have this cush-
ioning feature which is essential to the quiet operation and durability of the
channel valve.

Refacing Worn Channel Valve Seats.— When the seats be-
come worn or damaged to a point where the valve is no longer
tight, they should be refaced to a smooth surface and new
channels installed.

Of the various ways in which this facing may be done, the
following is recommended to give the best results:

1. Remove the guides and dowels by lightly tapping a sharp
edged flat chisel under the guide to loosen.

The dowels are a snug fit in the seat, but purposely left free enough for
easy removal of the guide. Mark guides for replacing.

2. Using micrometers (or make gauge as shown in fig. 21)
measure the distance from face of seat to shoulder A, on which

stop plate rests.
This dimension is important later as it must be reestablished

and it must be held to a close tolerance.
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3. Place the seat in a lathe, being careful to grip the seat just
tight enough to hold without causing distortion.

Remove enough stock from the face of the seat to provide a smooth
surface at the port edges where the channel rests.

Take a light final cut and then use emery cloth '(stretched over a flat,
true plate) to remove tool marks.

4. Face off the shoulder A, on which stop plate rests to the
micrometer reading (or gauge) so that this distance will be the
same as when seat was originally made.

Fig. 20.— Lifting guide with flat chisel.

5. Place guides on the seat in the same position as before
removal.
Drive in dowels to hold guide snug. If one of the dowels has been dam-

aged, it can be replaced by a piece of drill rod or cold rolled steel of the
same length.

6. Re-assemble valve using new channels.

The.old channels, having become seated to a worn surface, will not be
tight on the re-faced seat. The cost of new channels is very nominal.

When handling the valves, use care not to damage the seating
surfaces. Before replacing parts make sure they are clean and
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smooth, as leaks at some of the joints will cause overheating,
and cut down the compressor efficiency.

Type Y Valve.— In general, the type Y valve consists of a
valve plate with guide arms riveted to it and held on its seat by
several helical springs. Inlet valves, normally on the bottom of
the cylinder, should be assembled in the cylinder so that the
guard D, fig. 23, is toward the cylinder bore. Discharge valves
should have the valve seat A, nearest the cylinder bore.

The valve assemblies are held in position by a central set screw passing
through the valve cover. To prevent leakage along the thread, a turn of

solder or fuse wire is placed around this screw and set down into a recess
around the thread by means of the set screw locking nut.

face of seat Shoulder /)~
GAUGE ~
1o S n j—
lillinium o' simuiiiiifiiiiizl i
SJlillllliim CHANNEL VALVE SEATH U 1« ™

Fig. 21.— Gauge for maintaining distance from face of seat to shoulder.

To Assemble an Inlet Y Valve.— Set the center bolt G, up-
right on a table and place the cast guard D, on it so that the
holes for the valve springs face upward. Allow the lug on the
center bolt head to fit in the slot in the guard D.

Stand all of the valve springs in the holes in the guard, mak-
ing sure that all springs are for the inlet valve. (Inlet valve
springs are weaker than discharge valve springs).

Next slip the valve plate on the bolt so that the large rivet
heads rest on the valve springs and the large dowel pin hole in
the valve plate lines up with that in the guard D.

Put the washer E, on the bolt, having the safety dowel pin in the washer
pointing upward. Place the valve seat A, finished face of the seat downward,
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on the assembly so that the
dowel pins fall into place. Then
screwon nut F, and after tight-
ening it, lock it in place by
means of the cotter pin.

Discharge valves can be
assembled in the same man-
ner and then the center bolt
removed and reversed so
that the flat head fits into
bottom of the valve seat.
However, if more conven-
ient, the discharge valve

in the fol-
manner:

Set the center bolt G, up on
a table and place the valve seat
A, over it, having the finished
face of the seat facing upward
and the lug on the bolt head
fitting into the slot in the bot-
tom of the seat.

Put the washer E on the seat
so that the dowel pin on the
washer fits into the seat.

Place the valve plate on the
assembly sothat therivet heads
face upward.

NOTE.— In some type Y valves, washer
E, figs. 22 and 23, js not used, its place
being taken by having this port cast in-
tegral with the valve seat.
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After standing the discharge valve springs on the valve plate rivets, put
the guard D in place so that the springs fit into their recesses in the guard
and the dowel pin fits into the hole provided in the guard. Then screw on the
center bolt nut, tighten it and secure it with the cotter pin.

To Replace Y Valves in the Cylinder.— Follow instructions
as outlined under the same topic for channel valves. In addi-

Fig. 24.— Type K discharge valve showing crab and valve cover complete.

tion, an added precaution must be taken when tightening the
valve cover set screw; Do notforce the valve set screw in too tightly
because excessive pressure will spring the valve seat and cause leak-
age and excessive heating.
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Rogler Valves.— These valves are shown in figs. 27 to 29.
They consist of flat discs of special steel clamped upon valve
seats and held in position by spring arms formed in one piece
with the valve itself.

In construction, the valve F, fig. 27, which has integral
spring arms, M, is held on its seat A, by stop plate H, which
is made of steel forinlet valves.

Fig. 25.— Parts of type Kiinlet valve.

Fig. 26.— Parts of type K discharge valve.
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The stop plate has spring arms which press upon the'valve F,
limiting the opening movement and closing the valve at the end
of the stroke.

Stop plate H, is backed up by a buffer plate D, which is
identical with the step plate H, except that the spring arms are
not cut through.

/i20/

Fig. 27.— Parts of type Y (plate) valve.

D, serves as a stiffener for the stop plate H. In assembling
the valve parts, the stop plate H, should always be placed on
top of the valve washer G, fig. 28, so that the spring arms will
rest on the valve plate and hold it to the valve seat A.

The discharge valves are equipped with cast guards J, fig. 29.

These have pockets for spiral springs K, which hold the valve on its seat
when closed. The valve plate F has electrically welded to each face of its
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central portion, steel washers F and G, which separate the valve from its
seat A, and from the stop plate H, on inlet valves, or cushion plate L, and
cast guard J on discharge valves.

The sum thickness of washers E and G determines the lift of the valve.

The dowel pin, shown on seat A, insures proper assembling of valve parts
which are held together by bolt B and nut C, and locked together with
jam nut T.

Some inlet and discharge valves have an additional small
valve N, with stop plate O, and buffer plate P, and separating
washer Q, which is electrically welded to stop plate O, and

separates the small valve parts from the larger valve parts on
these valves.

The sum thickness of washers R and S, which are electrically welded to
valve N, determine the lift of the small valve.

The valve does not need to be ground in, but when new, there
may be a slight leakage at first. After running a short time, they
become tight and remain so.

Type K Valves.— These valves can be distinguished from Y
valves by the valve plate and springs. The valve plate is a
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simple, flat annular ring while the valve springs are of the flat
disc type.

Ques. What precaution should be taken in assembling the
valves?

Ans. They must always be assembled in the cylinder so that
the center bolt does not project in the bore of the cylinder.

Inlet valves must have a stop plate R, fig. 25, next to the cylinder
piston, while discharge valves must have the valve seat H, fig. 26, toward
the cylinder piston. The valve assembly is held in position by the valve

Fig. 29.— Plate valve with double valve disc as used on large size compressors.

cover set screw bearing against the crab which fits over the valve assembly.
In this arrangement the valve cover set screw does not bear against the
valve center bolt.

To Remove a K Valve from the Cylinder.— Follow the same
procedure as outlined under similar heading for Channel

Valves.

To Assemble an Inlet K Valve.— Parts of which are shown in
fig. 25, place the stop plate R, on a table so that the center bolt



344 Maintenance

stands upward. Place one of the springs L, in the groove in the
stop plate R, fitting the lug on the spring in the reliefand against
the bottom of the ring groove.

Next place the second spring with its lug against the spring already in
place and in the relief opposite from the first lug.

Place the valve plate G over the springs and while holding intact with
fingers, place the valve seat S on the assembly. Be sure the small dowel pin
I, fig. 24, fits into its mating hole. Screw on the nut N, force it to a tight seat,
insert and lock the cotter pin, and then back off the nut slightly to pinch
thewvcotter pin. To assemble a discharge valve, place the stop plate M on a
table as shown in fig. 26.

Place one of the springs L in the groove in the stop plate, fitting the lug
on the spring in the relief and against the bottom of the ring groove.

Next place the second spring in the groove with its lug against the spring
already in place and in the relief hole opposite from the first lug.

Place the valve plate G over the springs into the groove while holding
intact with fingers, apply the whole assembly to the valve seat H, placing
the valve plate G next to the seat.

Do not release the pressure of the springs until the whole assembly fits
together and the dowel pin |, fig. 24, fits with its mating hole, and nut N
is screwed on.

Force nut N to a tight seat, insert and lock the cotter pin, arid then back
off the nut slightly to pinch the cotter.

Cleaning Cylinder Air Passages.— Never use kerosene or
coal in an air cylinder to clean it out. This is a very dangerous
practice and must be absolutely prohibited.

Ques. What is the most satisfactory method of cleaning the
air passages?

Ans. Take out the valves and remove any hard carbon by
light scraping. Any dirt or accumulation of foreign matter may
then be removed with safety solvent.
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Ques. What is the effect of oil?

Ans. Oil tends to collect in clearance pockets and they
should be periodically cleaned and washed out with safety sol-
vent which can be removed through the drain hole at the bot-
tom of each pocket. Clearance pockets should be drained regu-
larly.

In some cases where it is not practical to shut down the compressor for
thorough cleaning or where it is known that there is no hard carbon, an
accepted method of cleaning the cylinder is to fill the force feed lubricator
with strong soap suds or soda water and allow it to be pumped into the
cylinders for about an hour.

Lubricator feeds should be wide open while this is being done and if
enough solution cannot be fed by the lubricator a hand pump should be
added to each feed line.

Ques. What should be noted with respect to soap solutions?

Ans. Soap solutions should not be pumped into the cylinder
any longer than absolutely necessary for cleaning.

Ques. What attention should be given to the drains?

Ans. Drains in discharge line, after-cooler and receiver
should be opened to drain off accumulation of oil and water.
Oil should always be fed again before shutting down, to prevent
polished interior surfaces rusting.

This method is effective if there be no hard carbon present. The fre-
quency of cleaning and amount of solution to be pumped through the
cylinders depends on the amount of dirt and soft carton accumulation and

conditions of operation.

Cold Weather Precautions.— Whenever the compressor is
exposed to a freezing temperature while not in operation, drain
the water from the jackets and inter-cooler in order to prevent
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injury from freezing. Drain valves will be found at the side of
the cylinder for draining the jackets. The inter-cooler can be
drained through the valve provided for that purpose at the
water inlet connection.

If the compressor is to stand idle for any length of time, remove piston
rod packing. If this be not done, the packing will cause rods to rust very
rapidly, causing trouble later.

Cleaning Cylinder Water Jackets.— If the circulating water
be dirty, mud will be deposited in cylinder jackets and inter-
cooler water heads and will ultimately obstruct the flow of
water entirely unless care be used to prevent such an accumula-
tion.

Clogged passages will interfere with proper cooling, which will result in
possible damage to the cylinders and pistons, and a hard baked-on coating
of mud in the water passages.

The cylinder heads and inter-cooler heads should be removed occasionally
and the water jackets and passages inspected. If any mud deposit be found,
it should be thoroughly cleaned out and the jackets completely flushed out
with water.

Regulating Devices.— Owing to the length of this chapter,
the servicing of regulators will be covered in Chapter 50 on
Regulating Devices (Pages 229 to 268).
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CHAPTER 55

Blowers

By definition, a blower is: aform of air compressorfor deliver-
ing large quantities of air at low pressure.
Blowers may be classed as:

1. Positive displacement.

2. Rotary.{"££
Ques. What is a positive displacement blower?

Ans. A form of high volume low pressure compressor having
two inter-meshing gear type elements rotating in opposite
directions within a stationary casing.

Ques. What is a rotary blower?

Ans. Nothing but a form of centrifugal pump designed to
pump air instead of water.

Ques. What is its principle of operation?

Ans. When the shaft is rotated, the effect of centrifugal
force upon the air within the impeller causes its compression
and at the same time induces it to flow through the impeller.
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Figs. 1 to 3.— Construction details of a single stage blower consisting of an
impeller supported on a shaft and surrounded by a diffuser with a suitable
casing. The impeller will by centrifugal force, entrain the air at its center (the
eye) and discharge it at its outer circumference at an increased pressure. This
pressure may be called centrifugal pressure. The impeller also sets the air
moving at approximately the same velocity as the peripheral velocity or tip
speed of the impeller. Hence the work delivered by the driver appears in the
air discharged from the impeller in two forms of energy, namely pressure
energy and velocity energy. The diffuser is so designed that the air flowing
through it is gradually reduced in speed and the velocity energy is recovered
in the form of increased pressure. Approximately 95% of the energy supplied
by the driver appears as pressure energy and velocity energy in the air leaving
the impeller. About one-half of the available energy is in the form of centrifu-
gal pressure, while the other half is in the form of velocity.
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Ques. What is the action of the air in passing through the
impeller?

Ans. It is accelerated and the increase in velocity is a form
of energy convertible into additional pressure.

Ques. How is the conversion produced?

Ans. By the orderly distribution of the air either in a bladed
or open diffuser or in a volute or scroll surrounding the im-

peller.

Ques. What is a single stage blower?

Ans. One in which the entire pressure rise is obtained with
a single impeller.

Ques. liow much pressure do such machines develop?

Ans. Only a few pounds.

Ques. What is a multi-stage blower?

Ans. One having a number of impellers mounted on the
same shaft connected in series in a common casing.

Multi-stage blowers (and maybe they should be called compressors) are
sometimes provided with means for cooling between stages and may even

be completely water jacketed.

Ques. How do the impellers of centrifugal blowers receive
the air (or gas)?

Ans. They may be either single or double flow.

If there be an inlet opening at both sides of the impeller so that the gas
flows toward the impeller from opposite directions, the impeller is known as

the double flow type.
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With a single flow impeller of the enclosed type the pressure upon oppo-
site sides of the impeller is unequal. Thus, it is necessary with this type of
impeller to provide some sort of balancing device or thrust bearing. With a
double flow impeller, the pressure is the same on both sides and the machine
will be practically balanced without the aid of balancing devices or thrust
bearings.

Ques. After all just what is a centrifugal blower?

IMPELLER INLET NOZZLE
ANNULAR
LABYRINTH
DIFFUSER

4.— Assembly of motor driven single stage blower shown dis-assembled
figs. 1 to 3.
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vins. It is simply a centrifugal compressor designed for low
pressure discharge.

There is no distinct line of demarcation between the two, but for the
sake of convenience, the author in this chapter calls machines built for dis-
charge pressure under 35 Ibs. blowers and those built for discharge pres-
sures above 35 Ibs. compressors.

Ques. What are single stage compressors with a fan type
impeller called?

Ans. They are commonly known as fan blowers.

Fig. 5.— Typical centrifugal blower with multi-belt electric drive. With low motor
speeds and small volumes such a machine will operate at much higher effi-
ciency than a direct connected unit, and takes up less than half as much space.
While this machine has an intermediate drive, it is a flexible one and conse-
quently there are no misalignment difficulties.
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Ques. What are they particularly adapted for?

/ins. They are adapted to cases where large volumes of air
are wanted at low pressures ranging from a few ounces to
H Ib-

Ques. What are thecharacteristics of centrifugal blowers (so
called compressors)?

/ins. The pressure rise within a so called centrifugal com-
pressor is, as before stated, the result of the centrifugal force

Fig. 6.— Typical centrifugal blower direct connected to electric motor. This is
used on larger units (four bearing and coupling type).
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produced when the impeller is rotated. The centrifugal force is
a function of the impeller peripheral velocity and of the gas
density; therefore, for any given speed and density, a centri-
fugal compressor should maintain approximately constant
pressure for wide variation in capacity.

Fig. 7.— Typical centrifugal blower usual overhung wheel typei’

However, several factors operate to change the discharge pressure
slightly at other than normal capacity.
First, the design of the passage or passages, which convert into pressure

the velocity obtained by the travel of the gas through the impeller. This
conversion is most efficient at the rated condition of the compressor and is

less efficient at smaller or larger capacities.
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Second, the outlet velocity from the impeller and, with it, the velocity
head available for conversion to pressure varies with the capacity.

Third, entrance losses into the impeller are least at the rated or designed
condition of the compressor.

Fourth, there is a leakage loss from the high pressure side to the low
pressure side because there has to be a small mechanical clearance between
the rotating and stationary parts.

Fig. 8.— Typical pressure volume characteristic of a constant speed blower.

Finally, as in an ordinary pipe line, the frictional loss varies with the
square of the velocity. For all these reasons, the discharge pressure of.a
centrifugal so-called compressor running at constant speed varies with the
capacity. *

Ques. Describe the characteristics in more detail.
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Ans. It drops off gradually from its maximum (which usu-
ally obtains at some fractional rating) until, at some point be-
yond the maximum rating, it finally reaches zero. The relation
between pressure and capacity, when represented graphically,
is called the pressure volume characteristic of the blower or com-
pressor. This pressure volume characteristic is of great value
in judging the application of a given machine to a given purpose.

Fig. 9.— Typical pressure volume characteristic of a variable speed blower.

According to “Compressed Air Data” a typical pressure volume charac-
teristic of a constant speed blower is shown in fig. 8 and of a variable speed

blower in fig. 9.
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Ques. What should be noted about every speed and pressure
of a centrifugal compressor?

Ans. There is a certain minimum volume below which the
machine does not operate properly.

Ques. What is this volume called?

Ans. The pumping point.

Below this volume its delivery of air or gas becomes irregular or unstable,
reversing itself at frequent intervals with a characteristic noise known as
“pumping.” The pumping point is largely determined by the shape of the
impeller blades and the design of the diffusor.
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Ques. What is the characteristic of this action?
Ans. Due to this action of the centrifugal blower, it is im-
possible to build up a dangerous discharge pressure.

If the pressure increase, the compressor merely begins to “pump.” No

tralxroe Qro noroeeonr

Fig. 11-— Performance curves of typical centrifugal blower at 3450 r.p.m.

Ques. What should be noted about two blowers operating in
parallel, if they have similar characteristics and why?

/Ins. Multi-port check valves are recommended for installa-
tion in the discharge lines of each compressor to prevent reverse
flow through the idle compressors which would cause them to

run backwards.
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Ques. What kind of regulation should be given to steam
turbine driven blowers?

/Ins. The regulator should be connected to the steam turbine

to vary the speed.

It can be seen from fig. 9 that an infinite number of pressure volume
conditions can be obtained, within the limits of stable operation, simply by
varying the speed. In the case of constant speed blowers and compressors,
regulation can be obtained by throttling the intake or discharge of the blower.
This is not as economical of power as variable speed control with a steam
turbine.

Ques. How is better economy secured?

Fig. 12.— Dis-assembled multi stage blower showing impeller and stationary
casings with guide passages.

Ans. Other methods of regulation are available.

One type works on the regenerative principle. The velocity energy which
is released by the throttling of air or gas in adjustable guide vanes is
recovered at high efficiency by a turbine element on the blower shaft. -

Ques. What are the applications of turbo blowers?

Ans. Too many to enumerate here.
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CHAPTER 56

Super-Chargers

An inherent defect in the gas engine is its failure to properly
perform the first stroke of its working cycle. During this first
or admission stroke, the fuel mixture must be pumped from the
carburetor into the cylinders, but in this operation a full charge
is never delivered, the amount of charge decreasing as the engine
speed increases.

On account of the very high speeds at which engines are now
run, this decrease in the amount of charge has become so
marked, that there is a considerable loss of power, that is, at
high speeds the power is much less than it would be if full fuel
charges were admitted.

For instance, in the horse power and torque curves, fig. 1, representing
results obtained in testing an eight cylinder engine, it will be noted that the
power does not increase at the same rate for the high speeds as for low speeds,
and finally above 3,600 r.p.m. there is a loss of power with increasing speed.
This indicates that 3,600 r.p.m. is the speed limit for the valve area pro-
vided.

Note also how the torque decreases for speeds above 1,800 r.p.m. This
indicates a gradual decrease in the amount of charge admitted, resulting in a
gradual decrease in the mean effective pressure of combustion available to
produce torque.

During admission the gas engine acts as an air pump and as
such is a poor performer because of the large amount of clearance
due to the combustion chamber. On account of this clearance,
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the degree of vacuum created during the admission stroke is less
than it would be otherwise. Aside from this there are several
other conditions as mentioned in the chapter on Gas Engine
Principles that tend to reduce the amount of fuel mixture ad-

mitted. They are:

Fic. 1.—Horse power and torque curves for eight cylinder automobile engine.

Inertia of the mixture
Pre-heating

Manifold friction
Wire drawing

A W N R
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5. Heating
6. Leakage

These various conditions are illustrated in fig. 11 of Chapter 5 Audel's
Automobile Guide, by the author. To overcome these difficulties and to
greatly increase the power of an engine of given size, super-chargers are used.
Ques. What is a super-charger?

idns. A charge booster, or form of blower for increasing the
pressure of the mixture in the manifold in order to increase the
amount of mixture entering the cylinders during the period of}

admission.

Fic.' 2.—Root positive displacement super-charger. Inside the easing are two gears
mounted on two shafts, one driving the other. In the blower chamber attached to these
shafts are two double rotors set at an angle of 90“ with each other.

Ques. What is a charge?

Ana. The amount of mixture admitted to the cylinder and
combustion chamber during the period of admission;

Ques. What is a full charge?
Ana. A charge admitted at atmospheric pressure.

Ques, What is a super-charge?
Ana. A charge admitted above atmospheric pressure.
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Ques. What are the effects of a super-charge?

<rt8. Higher compression, considerably higher initial pres-
sure of combustion and during expansion resulting in a higher
mean effective pressure with corresponding increase in power.

Ques. What is the effect on gas engine operation at high ele-
vations?

REVOLUTIONS PER MINUTE

Fio. 3.—Performance curves with Roots super-charger for eight cylinder (300 cu. ins.
displacement) engine.

Arts. Onaccount of the decrease in atmospheric pressure, less

mixture is admitted to the cylinders resulting in decrease in,
power.

On account of this, super-chargers are used on airplanes for high eleva-
tion operation.
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Elementary Super-Charger.—The elements of a super-charger
are shown in fig. 4. As shown a centrifugal blower is connected
in the inlet manifold between the engine and carburetor, the
rotor of the blower being operated from a side shaft through a
worm and wheel gear.

The wheel is driven by chain or other gear from the crank
shaft and runs a little faster than the crank shaft, while the

CENTRIFUGAL BLOWER
OR

SUPER-CHARGER

TO 5 OR6 TIMES
SHAFT SPEED

Fio. 4.—Elementary centrifugal type super-charger showing essentials.

blower shaft is speeded up considerably by the worm gear,
attaining speeds of 20,000 r.p.m. or more.

In operation, the mixture is drawn in at A, by the rotor of the blower and
builds up a pressure above that of the atmosphere at B. Accordingly when
the inlet valve opens on the admission stroke, the mixture is forced past the
valve so that even during the pre-admission period before the piston has
quite reached the top dead center, the mixture is flowing into the combus-
tion chamber and cylinder, the motive force to move the mixture being
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much greater than that due to inductive exhaust during the post-exhaust
period of exhaust valves timed for late closing. The result is that as the
piston traverses its admission stroke the incoming mixture is able to follow
It at a pressure greater than atmospheric at highest engine speeds.

It must be evident then that with asuper-charge, that is, one
whose pressure is greater than atmospheric, the charge on the
next stroke is compressed to a higher pressure than for ordinary

BY-PASS
PIPE—»

BLOWER

Fic. 5.—Elementary positive displacement type supcr-chargcr showing relief bypass, etc.

operation without a super-charger. Moreover, as already stated
the initial and mean pressures of combustion are higher thus in-
creasing the power.

Ques. How much admission pressure is obtained with a
super-charger?

Ans. A few pounds above atmospheric pressure, more or less
depending upon the speed of the blower.
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Ques. Describe the super-charger used on the Graham car.

Ans. As shown in figs. 6 and 7, it consists primarily of a
casing within which a rotor revolves at high speed. The cen-
trifugal action of the rotor draws the mixture of fuel and air
from the carburetor intotthe center of the casing and expels it
under pressure at the rim or edge, forcing it through the intake
manifold to the combustion chambers of the engine.

ADMISSION ABOVE. ATMOSPHERIC PRESSURE-
-AIR FILTER

»CARBURETOR
COARSE VAPOR

INTAKE MANIFOLD

FINE VAPOR

ROTOR

BEVEL GEAR DRIVE;

Fig. 6.— Graham super-charger showing details and connection to inlet manifold.

Both the rotor and worm wheel shafts are mounted on plain bearings.
The lower part of the unit consists of a gear case enclosing worm gearing.
No adjustment of either the bearings or the worm gearing is required.

All the bearings and the worm gearing of the super-charger are full pres-
sure lubricated by the same oil used to lubricate the engine. A reserve supply
of oil is automatically retained within the worm gear casing to assure ade-
quate lubrication of the gears and bearings during the starting and warming
up period.
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The cover which forms the top half of the rotor casing is water jacketed.
The cooling water controls the mixture temperature at desirable limits under
partial and full throttle operating conditions.

The drive gears in the super-charger are a special cone worm gear which
are driven from the crank shaft by two V belts with a step-up ratio for the
rotor of 5.8 times crank shaft speed.

Fig. 7.— Graham super-charger showing rotor and drive mechanism, also method
of lubrication.

The maximum horse power according to tests is produced at an engine
speed of 4,000 r.p.m. The engine develops 85 horse power without super-
charger and 120 with the super-charger.
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Figs. 8 to 11.— Dis-assembled view of super-charger used on the Cord car.

Fig. 12.— schwitzer-Cummings super-charger as designed for the Cord car.
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Ques. Name some super-charger advantages.

Ans. Thorough mixing of the mixture and a great increase in
power.
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CHAPTER 57

Pneumatic Hand Tools

The title of this chapter is used in a broad sense to indicate
any tool employing compressed air as a power medium for its
operation.
= There is a great variety of tools operated by compressed air,
such as (in part):

1. Drills.

a. Rock
b. Long stroke
c. Multi vane

etc.

2. Wood borers.
3. Wrenches.

a. Quick operating

b. Impact

NOTE,—In this chapter the author has broadly classed all tools using compressed air as a
motive power as pneumatic tools, but it should be noted that manufacturers make a distinction
between rock drills and the rest of the tools. However, they all depend upon compressed air as
the motive power and strictly speaking all can be called pneumatic tools.
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4. Grinders.

a. Surface
b. Sanders

5. Saws.
6. Hammers.

. Riveting
. Jam riveters

a

b

c¢. Chipping
d. Caulking
e. Scaling

7. Diggers.

8. Sand rammers.

9. Backfill tampers.
10. Core breakers.

11. Concrete vibrators.

12. Hoists.

First will be treated rock drills and following that what the
manufacturers call “pneumatic tools.” Of course a rock drill is a
pretty robust piece of mechanism built to stand super heavy
duty and perhaps receiving more abuse than any other tool, and
yet these drills are precision made tools, manufactured to very
close tolerances and of the best materials, otherwise they would
not stand up considering the terrific duty for which they are
designed.

Compared with these rock drills all other tools are of comparatively
light duty and that is the reason manufacturers do not include rock drills
under the general term pneumatic tools.



Pneumatic Hand Tools 371

Rock Drills.— Considering
this very important pneumatic
tool the question is immediately
asked

Ques. What is a rock drill?

Ans. A percussion tool in
which a piston moves back and
forth within a cylinder and
strikes a drill steel which is
loosely held in a chuck. The ad-
mission of the compressed air
which operates it is controlled
by a valve.

Ques. Describe the drill
proper.

Ans. The drill steel ordinarily
used has a small circular hole
runningthroughitlongitudinally
and is called hollow drill steel.

Ques. Why is the drill steel
made hollow?

Ans. Either air alone'or air
and water combined may be
forced through the steel to re-
move the cuttings from the hole.

Ques. With respect to these
two methods of operation, how

Fig. 1.— Section through a typical .
g g P are the drills classed?

rock drill.
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,4/ts. The are classed as dry and tvel.

Ques. What is the speed of a modern rock drill?
Ans. They strike from 1600 to 2200 blows per minute.

Probably no tool in general service undergoes equal punishment. Because
of the ceaseless pounding which it must endure, its essential parts are
composed of high grade alloy steels. These are selected with great care and

BACKHEAD

THROTTLE
VALVE-—

VALVE
VALVE CHEST
RIFLE BAR

PISTON
RIFLE NUT

CYLINDER -THROUGH BOLT

CYLINDER FRONT
- W ASHER

ROTATION

FRONT HEAD
SLEEVE -r

ROTATION
SLEEVE BUSHING

DRILL STEEL
STEEL HOLDER

Fig. 2.— Cross section of a Jackhamer rock drill which shows the general con-
struction and the relationship of the various working parts.
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it is no exaggeration to state that the steels used for making razor blades
are not of good enough quality to answer some of the requirements of

rock drills.

Each part is formed from the particular steel that best meets its purpose
and is heat treated to render it even more resistant to shock and wear.

Ques. What should be noted about the construction of rock
drills?

dins. Although they are designed to do rough work they are
constructed with the same precision as though they were more
delicate mechanisms.

Figs. 3 and 4.— shanks for Jackhamer drills showing dimensions of sizes gen-
erally used.
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Clearances are regulated down to much less than one-thousandth of an
inch. The entire process of manufacture is attended by painstaking care
and thoroughness. The work is done by skilled mechanics in well equipped
modern shops.1

Fig. 2 shows the construction of a rock drill of the “Jackhamer” class.
The illustration is a sectional view and the various parts of the mechanism

are indicated.

Selecting the Right Drill.— There is a type and size of rock
drill for each and every class of work and the most effective
drilling results will be secured by selecting the correct tool for
the job in hand.

Figs. 5 and 6.— Shanks for drifter drills showing dimensions.
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The principal classes of drills and the general field of work of
each are:

1. Jackhamers.— These are unmounted, self rotated, hand
held drills used principally for down hole work.
They are light enough to be handled readily by one man. They will put
down holes as deep as 30 ft.

They are used for general excavation work such as trail building, road-
building, foundation work, etc. Most Jackhamers are used dry.

Fig. 7.— Drifter drill. While drifters are used principally in mining and tunneling
operations, they are also used extensively for stoping in some parts of the
worls. In driving large tunnels, heavy drifters have proven most satisfactory
when mounted on a carriage. Quarrying operations have been speeded up by
their use in quarry bars and wagon mountings.

2. Drifters.— These are mounted drills, designed for hori-
zontal drilling and extensively used in mining and tunnel
driving.

They are generally used wet. A drill runner and a helper ordinarily

comprise a drifter crew. Several types of mountings are used, of which the
most popular is the column and arm.

3. Stopers.— These drills are designed for drilling upward
and gain their name from the fact that they are widely used

in mine stopes.
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Fig. 8.— A sfoper drill in operation. This type drill is widely used in under-
ground mining work.
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Stopers are ordinarily wet drills.

4. Wagon Drills.— These are drifter type drills mounted
vertical guides on portable rigs.

They are suitable for heavy work and deep holes and have long been
used in quarries. More recently they have been adapted for side hill road
construction, particularly where the rock is difficult to drill with light,

hand held drills.

Fig. 9.— Calyx core drill. Used principally in exploration work, where a core of
1J'i in. up to 72 in. diameter is desired. This drill uses, as the cutting medium,
Calyxite (chilled steel shot). This material has been widely used throughout
the world as a cutting medium for securing cores of materials of every descrip-
tion, from steel beams to the softest shale. These drills are built for steam, air,
gasoline or electric motor, belt, chain, or any other type of drive. Machines
can be equipped with augers, and special sampling of tools where accurate
samples of the earth above bed rock are required, as for bridge and dam

construction.
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There has also recently been introduced a smaller wagon drill
which utilizes a Jackhamer instead of a drifter.
This has automatic feed and return, which not only insures even drilling

pressure, but which makes constant attendance unnecessary. This drill can
be used for holes at any angle from vertical to horizontal.

Still other classes of drills might be cited.
For example, there are submarine drills, which are large, powerful tools
for mounting on the sides of drill boats.

There are also large Jackhamer type drills for shaft sinking and other
heavy drilling which are known as sinking drills, or “sinkers.”

Sometimes Jackhamers are mounted for horizontal drilling and drifters
are mounted on tripods for down hole work. Thus, there are innumerable
types and combinations, but the four classes enumerated cover the drills
most generally used.

Among these four classes are many sizes of drills. Each is fitted for its
particular kind of work. They vary in weight, in rotative power, in blowing
power, and in various other ways.

Determination of the most effective drill to use for any pur-
pose depends upon the type of work, the character of the rock,
the depth of drilling, the pressure of the air available, and other
factors.

It pays to obtain the advice of experienced men when choosing rock drills

Rock Drill Mounting.— Mountings for Jackhamer drills have
been found thoroughly practical for such flat hole work as tun-
nelling, brushing, drifting, underhand stoping in metal mines,
and for breaking down coal, driving gangways or entries in coal
mines, etc. They are made to hold either the dry or wet Jack-
hamers.

It is but an instant’s work to clamp the standard Jackhamer in the
carriage of the Jackhamer mounting. Therefore, a single drill may be used

conveniently for the twofold purpose of drilling flat holes in the heading
and down holes on the bench.
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The carriage is moved by a feed screw which is supported on
the arm of a column, on a horizontal shaft bar, or on a tripod,
as the standard 5-in. cone upon which the shell rests will fit
into any 5-in. Sergeant saddle or clamp.

The mountings are made in two types with lengths as follows:
1. Fixed cone shell mounting, 26 in. feed
2. Sliding “ “ “ 20 “
3. SHding..ceeveiinnn, 32«

Fig. 10.— Drifter drill with chain motor drive mounted on a quarry bar.

Ques. What is a wagon mounted drill?

Ans. An outfit (as shown in fig. 11) designed to do the work
of two hand held drills.
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Fig. 11.— Wagon mounted jackhamer— a one-man outfit. Useful on many road
construction jobs, in foundation work for bridges, buildings, dams, etc., and in
certain phases of quarry work. By means of a self-locking worm drive a small,
four cylinder air motor automatically feeds the drill up to the rock exactly
as with a hand cranked drill. This method prevents the drill jumping back, thus
eliminating the use of unnecessary feed pressure which causes rotation binding.
It also prevents the drill dropping on the operator, and keeps the drill from
jumping forward in a soft spot or when a steel breaks. This self-locking feature
also protects the air motor from thrust and shock.
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Ques. Why?

Ans. Because:

1. It drills faster, as the automatic feed properly holds the drill down
to its work at all times.

2. It drills just as fast at the end of the shift as at the beginning.

3. It permits the use of a more powerful drill with correspondingly less
effort on the part of the operator.

4. It allows a 4-foot change of steel, the time spent in changing steels
is cut in half.

5. The automatic feed frees the operator while the drill is running, en-
abling him to get his steel ready for the next change (under suitable drilling
and rock conditions one operator can run two wagon mounted drills).

6. It pulls tight steels which are practically impossible to pull with a
hand held drill.

7. It gives better control for fighting slippery ground.
8. It will drill holes at any angle, from vertical to horizontal.

9. There is no loss in efficiency, the drill is always held down, meaning
lower air consumption per foot of hole drilled.

10. It is simple in construction and easy to operate and upkeep costs
are low.

11. 1t is well balanced and easily handled by one man.

Ques. What is the application for submarine drills?

/Ins. They are used in river and harbor improvement, deep-
ening canals, removing submerged reefs, ledges, etc.

Ques. How are they mounted?

Ans. On a drill barge as shown in fig. 12.

Ques. For what service are long stroke drills used?

Ans. They are particularly suited for use where service is
intermittent, such as for mill wright, construction, mine use, etc.
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They, are made both reversible and non-reversible. They have capacity
for handling large work at very slow speeds, 20 to 35 r.p.m. ,

They are most commonly used for drilling, reaming, tapping, flue rolling,
driving screw spikes, tightening bolts, etc. Their sturdy construction and
power make them ideal for many miscellaneous types of work.

Frequently they are coupled to tools and act as air motors. They are
being used in setting locomotive valves, in the operation of portable boring
bars, in reboring cylinders, etc.

Fig. 12.— Submarine drills. The illustration shows submarine boat on a chan-
nel deepening job. The drill is hammer type submergible for work under water,
close to the rock. It exhausts directly into the water in a bell shaped chamber
which prevents water entering the working parts. The hollow drill steel is fitted
with Leyner lugged shank and fits closely into the chuck. The rotation is ef-
fected by an independently operated motor which is above water and indi-
cates the performance of the drill.

In machine shops and power plants they are adapted to such jobs as
operating portable key-seating and oil grooving machines, grinding valve
seats, cleaning boiler tubes, and operating mechanical scraper heads.

Figs. 14 and 15 show reversible and non-reversible long stroke drills.

Ques. What is the characteristic and application of multi-
vane drills?
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Fig. 13.— Multi-vane grinder. A sensitive governor makes it possible to operate
grinding wheels at their most efficient speed and prevents ovei-speeding when
running idle.

Size B Non-Kever«lble Drill. »

Figs. 14 and 15.— Reversible and non-reversible long stroke drills for intermit-
tent or occasional service.
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Ans. The four or more power vanes give a smooth flow cf
power which makes this type drill easy to operate.

Multi-vane drills are used for all classes of drilling, reaming, tapping,
staybolt tapping, flue rolling, etc. They are hand held tools designed for
one or two man operation. These tools have many uses in railroad shops,
shipyards, machine shops, assembly plants, oil refineries, chemical plants,
power stations, tool rooms and for construction work of all kinds.

Ques. How is uniform speed maintained in the multi-vane
drill?

Fig. 16.— Multi-vane drill. Suitable for accurate drilling, reaming, tapping, etc. '

Arcs. A sensitive governor, of the centrifugal type, maintains
uniform speed within the capacity of the drill.

The governor speed is only slightly higher than the working speed. This
feature means a reduction in air consumed and also prevents the burning
of drills and reamers on light work.

Fig. 16 shows the construction of a multi-vane drill.
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Ques. What is an impact wrench?

Ans. A pneumatic tool that converts torque from a multi-
vane motor into rotary impacts.

Ques. What is accomplished by these rotary impact's?

.4ns. These impacts are applied to tighten nuts and cap
screws to any desired degree or to remove “frozen” nuts which
would otherwise have to be burned or cut off.

A typical impact wrench is shown in fig. 17.

Fig. 17.— Impact wrench. The torsional impacts exert a more powerful turning
effect than is possible with any portable torque type wrench. This type of
turning action makes it possible to remove nuts which could not otherwise be
taken off except by splitting with a chisel or burning with a torch. Impacting
begins when resistance to turning reaches a predetermined value and continues
unti,l the throttle is closed or torque required to turn the nut falls below this
point. Torque applied by the motor is but a small fraction of the turning effort
exerted by the wrench and remains constant as long as impacting continues.

Preliminary Attention for New Drills.—Prior to putting the
drill into service, the operator should remove the grease, blow
out the air passages, and make certain that the drill is clean.
Be sure that it is supplied with plenty of good lubricant.
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Note the following points:

1. If possible use 80-90 Ibs." air pressure. A drop of 5 Ibs. air
pressure reduces the tool’s work about 10%.

2. Usesize of hose recommended for tool.

3. Air must be clean, free of abrasives. Wash out lubrication
frequently.

4. Air should be dry.

5. Lubricate frequently, using lubricant specified by manu-
facturer.

6. Blow out air line before attaching.

7. Couple with proper couplings.

8. See that driven tool fits socket or shank.

To remove any accumulated moisture as well as bits of rubber and other
material, the air line should be blown out before it is connected to the drill.

Air is heated greatly during compression and is capable of
carrying considerable water vapor.
As the air cools in the delivery lines, this vapor condenses. The resulting

moisture is carried into the drills, where it washes away lubricant, freezes
in valves and ports, and exerts a generally harmful effect.

These troubles can largely be eliminated by using a two stage air com-
pressor, which provides for cooling the air between stages and thereby
trapping out much of the moisture.

In almost all installations, it pays to install an after-cooler to remove
moisture from the air before delivering it to the drills or other tools. Suit-
able drains should be arranged in the air lines and blown frequently.

How to Obtain Best Results in Drilling.-— Best results can
be obtained from drills by applying pressure through the han-
dles and by using both hands.

Drill runners often throw one leg over the handle, or use a
metal bar or piece of wood to obtain leverage in applying pres-
sure. These practices are not recommended, as they lead to vary-
ing the pressure on the drill and also have a tendency to hold
the drill off line with the drill steel.
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The drill will do its best work if the contact between the pis-
ton face and the drill steel shank face is as large as possible.

This will result only when the drill is kept in line with the drill steel
so that direct blows will be struck.

Do not exert enough pressure to slow up the drill.

- A little experience will serve to determine the amount of pressure to put
upon the drill to obtain maximum efficiency.
Be sure that the hole in the drill steel is open at both the
shank and bit ends.

As air is directed through the hole from time to time to remove cuttings,
obstructions in the steel interfere seriously with the blowing capacity.

Ques. What should be done when dry drilling?

yins. The holes should be blown out frequently to remove
cuttings from the hole and thereby prevent binding of the bit.

There is an attachment on the drill which permits passing the entire
flow of air through the drill steel for this purpose. In ground that is slightly
moist, there is a tendency for the drill cuttings to accumulate just above
the bit and to become packed solidly against the sides of the hole through
the action of the rotating steel. Such accumulations are known as mud
collars and should be avoided. Sometimes a little water run in the hole
will thin the consistency of the mud mixture so that it can be blown from

the hole.

Ques. When should a wet drill be used?
Ans. When the ground is too damp to permit proper blowing

of the cuttings from the hole.

Irregular Bits and Shanks.—If the drill steel be in proper
condition, each blow will be transmitted to the rock being
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drilled. When the drill bit becomes quite dull, however, very-
little of the force of the blow is transmitted to the rock, and its
full force must be absorbed by the drill steel and by the drill
piston.

The repeated use of a dull bit and the resulting accumulation of shocks
to the piston lead to;premature failureiof theipiston and:of other parts
of the drill. Dull bits are also a leading cause of drill steel breakage.

Aside from these considerations, it is uneconomical to use a bit after it
has become dull because it will then do little work.

Fig. 18.— One shift supply of solid forged steel for one drill.
Fig. 19.— One shift supply of jack bit rods.
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Care should be' taken to renew the front cylinder washer of
the drill when it becomes worn, as this part performs a very im-
portant function in connection with preserving the condition of

the drill.

When the drill is raised while the air is still on, the shank no longer
absorbs the full blow of the piston, and the front cylinder washer serves to
build up air pressure which cushions the blow. This is accomplished by
'trapping air between the piston and the washer, and in order to do this
the washer must be in condition to prevent air leakage. It is obvious that
if the washer be allowed to wear beyond a certain stage, it will no longer

Fig. 20.— This pisfon has spalled at the edges from being used in a drill having
worn chuck bushings.

fulfill this function and the piston will be allowed to exert a battering effect
which will result in serious damage to both piston and washer.
*

Short drill steel shanks should be avoided.

If the length of the shank be materially less than normal, the piston
will not strike the end of the steel with full force. This materially reduces
the drilling speed of the drill.

Long shanks cause short stroking of the piston and are, ac-
cordingly, likewise to be avoided.

Standard lengths of shanks are given by the drill manufacturer.
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Chuck Bushings.— Fig. 20 shows what happens when chuck
bushings are allowed to wear unduly. The steel is no longer
held in direct line with the piston. Instead of striking direct
blows on the end of the drill steel, the piston will then strike
the edges of the shank.

Fig. 21.— This shows the
bushings become worn.

Repetition of this procedure will soon cause spalling of the piston. Worn
bushings is one of the leading causes of piston failure.

The striking of a shank on the eages will round them off and
tend to produce a cone or point at the shank end.

If the same shank be then used in a drill having a good chuck bushing
which holds its steel in line with the piston, the piston will strike direct
blows upon this relatively smaller shank end. This in turn will promote
breakage of the piston around the central opening.
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A contributing cause to worn chuck bushings is the use of
shanks of too small diameters.

The small section allows play which eventually causes enlargement of
the bushing. If the shank be below standard diameter, it will also allow
air to escape along the sides and this will materially reduce the blowing
capacity through the steel. This is of particular importance in drilling
deep holes.

Fig. 23.— Light weight riveting hammer. They are particularly well fitted fo
use in air plane manufacture and maintenance. They are extensively used ir
the fabrication of refrigeration and air conditioning equipment, small wate
craft, trucks, buses, metal furniture, stoves, electrical and radio equipment
toys, in fact wherever light rivets are driven. They may also be adapted fo
light chipping, scaling and caulking when equipped with the proper chisel

It should be remembered that one bad shank will ruin 2
piston. Every shank should be ground to give a full striking
surface.

How to Operate a Drill.— With proper care and attention, 2
rock drill will maintain its efficiency for a long time. If neglected
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it will, as will any mechanical appliance, gradually fall off in
performance and finally break down.

The wearing of one part affects others, so it is advisable to make replace-
ments when they are needed and not to wait until major repairs must

be made.

It is the purpose here to set down a few of the more important
things to watch and to make a few practical suggestions which

Fig. 24.— Riveting hammer. The parts are: 1, handle,- 2 and 3, valve box;
4, valve,- 5, barrel; 6, automatic spring locking device; 7, throttle valve.

will guide the man who knows little or nothing about drilling
work. If he will follow them, he will lessen his troubles and in-

crease his footage per shift.

Ques. What is the first thing to do?

,4ns. Keep the drill well lubricated.

The importance of lubrication cannot be over-emphasized. Running at
such high speeds, the surfaces of rubbing parts will develop friction heat
in a few seconds of dry operation, which will not only destroy hardness
but minute fractures will develop and failures of the parts will be hastened.
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Ques. What is the indication that a drill is receiving suffi-
cient lubrication?

Ans. Oil will appear on the drill steel shanks.

The following physical properties are representative of oils which have
been found satisfactory under actual commercial service in the field, and
all oils purchased to this specification shall conform to these requirements:

Flash point(0pen CUP).....ccovereirnienenree e 350°F.  min.
Viscosity at  100° F. (Saybolt)......ccocriiiinciiinnnn 450 Sec. min.
(Universal).....ccoovenieincnecne, 700 * max.

Viscosity at  100° F. (Redwood) —  .oiiiiieens 380 “ min.
i 600 “ max.

Viscosity at  100° F. (Engler).....cccoveenninicinenccens w2.4° min.
19.0° max.

FOUr point e 15°F.  max.
Mineral acid neutralization number.... .10 max.
Free fatty acid (% Oleic).... et 40 max.
Steam emulSion NUMDET ... 300 min.

Good results can be had only from an oil selected especially
to answer the requirements of rock drills.

It must resist washing away, must withstand low temperatures (in many
cases below 32° F.) caused by sudden expansion of air in the tool, and must
flow properly to all parts which need lubricating. A poor oil becomes
sticky or stringy.

Ques. What are air line lubricators?

Ans. These are oil containers which are placed in the com-
pressed air line leading to each drill.

Ques. How do they work?
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Ans. The oil is picked up by the air and carried under pres-
sure to all parts of the drill that require lubrication.

Ques. What results are obtained with a dirty drill?

Ans. It will work poorly and fail prematurely.

Ques. How are drills cleaned?

Ans. They are dismantled and the parts are cleaned with
kerosene and then oiled as they are reassembled.

Fig. 25.— A four cylinder piston type wood borer drilling lVin holes in 12 x 12
timbers on bulkhead construction work.
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If any of the parts be found to have been scored because of inadequate
lubrication, the drill should not be run further until the scored surfaces
have been removed. This can be done by patiently rubbing the affected
areas with fine emery cloth.

Sort and Segregate Drill Steel.— Drill steel is made in cross
sections of several shapes. In some cases solid steel is used, but
the steel employed for most operations has a hole through its
center for passage of the air or water, or both.

For Jackhamer work 14 in. or 1 in. hollow, hexagonal steel is generally
used.

Drifter type drills use hollow, round steel 1 to 13" ins. in diameter-
.The most common size is 1M ins.

Ques. What should be noted in regard to selection of drill
steel?

Ans. Selection of a suitable grade is important.

Ques. What are the requirements for a satisfactory steel?

Ans. It must not only resist the intensive pounding action
to which it is subjected, but must also be capable of receiving
innumerable bit forgings without developing weakness.

In hollow steel the hole should be centralized, and of the same size
throughout its length. The surface of the inside walls should be smooth and
even.

Indentations, furrows, or any other unevenness pave the way for the
starting of fatigue cracks, which cause breakage and greatly reduce the
life of the steel.

Ques. Before a drill runner starts work what should he have
close at hand?

Ans. Adequate supply of drill steels, cut to proper lengths
and bearing well sharpened bits of the correct sizes.
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Much time will be saved by sorting the steels and segregating them into
groups. When a steel becomes too dull for further service, it should be put
aside where it will not become mixed with the sharpened steels.

If the drill runner become systematic in arranging his steels, he can select
the correct change without confusion or delay.

When sharpened steels are delivered, they can be placed in their allotted
positions quickly.

It pays to have plenty of drill steels on hand. “Waiting for steel” con-
tributes to higher drilling costs on many jobs.

Air Delivery Lines.— Before starting work, the driller should
make certain that the compressed air line is in condition to func-
tion properly. Some points to watch are:

1. See that the valve from the air line to the drill is fully

open.
2. Make certain that there are no small connections in the

line to restrict the flow of air to the drill.
3. Blow out the air line to the drill to eliminate any moisture

that may have collected in it.
4. Do not connect the hose to the bottom of a tee manifold

where moisture may collect.
5. Do not use long lines of small diameter pipe.
6. Keep all pipe lines and hose connections in good repair.

Ques. What should be noted as to leaks?

Ans. A great amount of compressed air is wasted through
leaks which are so small as often to be considered unimportant.

Pipe lines, hose and valves should be inspected regularly for leakage.

Ques. How are large and small leaks detected?

Ans. Large leaks are detected by the sound of escaping air,
or by the rush of air against the hand. Smaller leaks can be *
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found with the aid of a lighted candle, or by coating the joints
with soapy water.

4 POINT CENTER HOLE
6 POINT CENTER HOLE
CARR,CENTER HOLE

4 POINT SIDE HOLE S POINT SIDE HOLE

Figs. 27 fo 31.— various jack bits. Fig. 27, carr center hole, also made with
side hole; fig. 28, four point center hole; fig. 29, six point center hole; fig.
30, four point side hole; fig. 31, six point side hole.

NOTE.— Points relating, to hose: It will be found economical to use air hose of Rood quality.
It should be tough enough to withstand the abrasion, kinking and general hard service to which
it is subjected, and strong enough to carry the required pressure without expanding or de-
veloping weakness. Equally important, it should have a lining that will resist the deteriorating
action of heat and oil. In this connection it might be mentioned that the life of hose will be pro-
longed by extracting heat, oil and moisture from the air by using a two stage'compressor and an
after-cooler. Wire wound hose was formerly in much favor, but recent improvements in cover
compounding have made it possible to produce a rubber covered hose on which wire winding Is
unnecessary. When wire wound hose is crushed or otherwise deformed, the wire restricts the
flow of air. When the wire becomes worn or broken, it must be handled guardedly to avoid cuts

and scratches.
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Points On Bit Sizes.— In Jackhamer drilling it is customary
for the convenience of the operator to change solid forged steels
with every two feet of depth. As the abrasive action of the cut-
tings and of the sides of the hole serves to reduce the gauge, it is
the established practice to use a bit of in- smaller gauge with
each succeeding change of steel.

Fig. 34 Shank grinder which also can be used to keep the ends of pistons true.
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aThree steel shanks before and after grinding operations.
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This means that if you are drilling a 10 ft. hole and make four changes of
steel, you will be using for the last two feet of the hole a bit J/i in. smaller
in diameter than the starting bit.

For economy in drilling it is important to select the proper starting bit
which will permit making the required number of steel changes and to
bottom the hole at the size required.

Ques. What are jack bits?

Fig. 37.— High speed “flapper valve" hammer. The parts are: 1, locking arrange-
ment; 2, handle; 3, combination piston and poppet type throttle valve; 4,
valve seat; 5, exhaust deflector; 6, barrel.

Ans. They are detachable bits which are screwed onto jack
bit rods of suitable lengths.

Ques. What is the advantage of using jack bits?

Ans. The use of jack bits will often save considerable money
by eliminating the necessity of changing the size of the bit and,
therefore, enabling the hole to be drilled at the same diameter
throughout its course.
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In any rock which is not so hard as materially to reduce the gauge so
as to lessen the cutting efficiency of the bit, it is possible to use the same
bit for drilling the entire hole by merely successively transferring it to the
several required lengths of jack bit rods as the work progresses.

Squaring Up Shank Ends.— The important bearing that the
condition of the shank end has upon the life of a rock drill pis-
ton has been explained. Because of this, the same careful atten-
tion should be given to shanks as to bits. Neglect of shanks in-
evitably raises upkeep costs on drills.

Fig. 38.— Offset valve hammer. The parts are: 1, handle,- 2, valve; 3, barrel;
4, piston bore; 5, handle; 6, throttle.

Before being sent out of the shop, all shank ends should be
ground true.

For this purpose there has been developed the air operated 4K shank
grinder. It holds the drill steel at right angles to the grinding face and thus
insures a true end syrface.

This grinder may also be used for squaring up the faces of pistons when
required and thereby securing longer life from them.
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Care should be taken in grinding pistons to avoid burning
or grinding checks. Not more than 3&in. should be ground from
a piston.

If more be removed, there is danger of exposing the soft, tough core of
metal that has not been case hardened.

Smaller pedestal type grinders may be used for these purposes, but the
trueness of the face then depends upon the operator.
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0O ROGERS DRAWING AND DESIGN................ $2

MECHANICAL DRAWING SELF TAUGHT.

506 pages, 600 illustrations (many full page drawings), flat-opening.

A standard work, with all details so clearly explained that this valuable training is easily obtained
without an instructor. Covers terms and definitions, how to use drawing board— instruments, T square,
triangles, how to do lettering, shade and section lining, geometrical drawing, development of surfaces
and isometric, cabinet and orthographic projections, working drawings, explains how to do tracing and
make blue prints, how to read prints, machine design. Reference index, with valuable tables. How to
use the slide rule. A STANDARD STUDY TEXT FOR DRAFTING ROOM AND SHOP.

O AUDELS MILLWRIGHTS & MECHANICS GUIDE. $4

PRACTICAL LATE INFORMATION ON PLANT INSTALLATION, OPERATION & MAINTENANCE.
1200 pages, completely lllustrated. 5 x 6/ x 2. flexible covers, fully indexed. 1000 facts at your fingertips.
For millwrights, mechanics’, erecting maintenance men, riggers, shopmen, service men. foremen, inspec-
tors, superintendents.

Section 1: Mechanical power transmission— 2: millwrights and mechanics tools and their use— 3: build-
ing and construction work— 4: plant operation and maintenance— 5: installation and maintenance of
electrical machinery— 6: practical calculation and technical data— how to read blue prints.

O AUDELS CARPENTERS & BUILDERS GUIDES

A PRACTICAL ILLUSTRATED TRADE ASSISTANT ON MODERN CONSTRUCTION FOR CARPEN-
TERS. JOINERS. BUILDERS. MECHANICS AND ALL WOODWORKERS.

Explaining In practical, concise language and by illustrations, diagrams, charts, graphs and pictures,
principles, advances, short cuts, based on modern practice. How to figure and calculate various jobs.
Vol. 1— Tools, steel square, saw filing, joinery, furniture—431 pages— 1200 lllustrations.

Vol. 2— Builders mathematics, drawing plans, specifications, estimates— 455 pages— 400 illustrations.
Vol. 3— House and roof framing, laying out. foundations— 255 pages— 400 lllustrations.

Vol. 4— Doors, windows, stair building, millwork, painting— 448 pages— 400 illustrations.

4 VOLS.. 1600 PAGES, 3700 ILLUSTRATIONS, FLEXIBLE COVERS, S6. EACH VOLUME POCKET
SIZE. SOLD SEPARATELY S1-50 A VOL.

O AUDELS PLUMBERS & STEAMFITTERS GUIDES

A PRACTICAL ILLUSTRATED TRADE ASSISTANT AND READY REFERENCE FOR MASTER
PLUMBERS. JOURNEYMEN AND APPRENTICE STEAM FITTERS, GAS FITTERS AND HELPERS,
SHEET METAL WORKERS AND DRAUGHTSMEN, MASTER BUILDERS AND ENGINEERS.
Explaining In plain language and by clear illustrations, diagrams, charts, graphs and pictures the
"-inclples” of modern plumbing practice.

Vol. 1— Mathematics, physics, materials, tools, lead work— 374 pages— 716 diagrams.

Vol. 2— Water supply, drainage, rough work, tests— 496 pages— 6126 diagrams.

Vol. 3— Pipe fitting, ventilation, gas, steam— 400 pages— 900 diagrams.

Vol. 4— Sheet metal work, smithing, brazing, motors.

4 VOLS.— 1670 PAGES— 3642 DIAGRAMS— FLEXIBLE COVERS, 56. EACH VOL. POCKET SIZE.
SOLD SEPARATELY SI-50 A VOL.

O AUDELS MASONS & BUILDERS GUIDES

A PRACTICAL ILLUSTRATED TRADE ASSISTANT ON MODERN CONSTRUCTION FOR BRICK-
LAYERS— STONE MASONS— CEMENT WORKERS— PLASTERERS AND TILE SETTERS.
Explaining In clear language and by well-done illustrations, diagrams, charts, graphs and pictures,
principles, advances, short cuts, based on modern practice— including how to figure and calculate
various jobs.

Vol. 1— Brick work, bricklaying, bonding, designs— 266 pages.

Vol. 2— Brick foundations, arches, tile setting, estimating— 245 pages.

Vol. 3— Concrete mixing, placing forms,.reinforced stucco— 259 pages.

Vol. 4— Plastering, stone masonry, steel construction, blue prints— 345 pages.

4 VOLS.— 1100 PAGES— 2067 ILLUSTRATIONS— COMPLETE SET, S6. EACH VOL (POCKET SIZE,
FLEXIBLE COVER) $1.50 A VOL.



O PAINTING & DECORATING METHODS $2

A TEXTBOOK FOR APPRENTICE AND JOURNEYMAN. PRODUCED UNDER DIRECTION OF INTER-
NATIONAL ASS'N OF MASTER PAINTERS AND DECORATORS.

Over 300 pages— fully lllustrated. PRACTICAL INFORMATION— EASY TO UNDERSTAND.
The purpose of this hook is to help educate men to be first class journeymen house painters and decora-
tors. Painting problems are quickly and easily worked out by Its aid.

Covers tools, materials, outside and Inside work, floor and wood finishing, paper hanging and calcimining.
A simple, progressive outline for each class of work.

O AUDELS GARDENERS & GROWERS GUIDES

EXPERT GUIDANCE FOR BETTER FRUIT, FLOWERS, VEGETABLES.

Here Is your opportunit%/ to get a vast amount of expert plans— helps— hints— suggestions— secrets—
short cuts— discoveries for better results.

0 practical help reference volumes— 1700 pages— rich, flexible covers— hundreds of Illustrations.

Vol. 1— Working, fertilizing, irrigating, draining the soil— 284 pages, fully Illustrated.

Vol. 2— Good vegetables and market gardening— 443 pages, fully lllustrated.

Vol. 3— Fine fruit culture, cash crops— 492 pages, fully lllustrated.

Vol. 4— Beautiful flowers, successful cultivation, propagation. Over 500 pages, fully lllustrated.
EXCEPTIONALLY VALUABLE BOOKS FOR SUCCESSFUL GARDENING FOR PLEASURE OR PROFIT.
COMPLETE SET OF 4, SO SOLD SEPARATELY, S1.50 EACH.

AUDELS ENGINEERS & MECHANICS GUIDES $12
O Single volumes | fo 7 .................. each $1.50
O Volume 8 ................ $3.00

HELPFUL INFORMATION IN HANDY FORM.

For eve‘rjy engineer, mechanic, machinist, electrician, fireman, oiler, engineer student, this Master Set
Is a gold mine of dally, practical helps for workers in every branch of engineering. A self educating study
course for the student, the standard reference work for the chief. Thousands of rules, tables, calculations
and diagrams meke It easy to read and learn. Latest inside Information on theory and practice of modern
engineering for reference, study and review. Thousands of new short-cuts that meke the job easier.

8 pocket volumes with ready reference Index, 4500 pages, 7750 illustrations. Easy to read. Highly en-
dorsed. Help in securing engineer's license.

Vol. 1— Engine principles, valve setting, pumps. 470 pages, 847 Ulus.

Vol. 2— Corliss, unlflow, pumping, contractors engines. 500 pages, 997 illus.

Vol. 3— Locomotive, marine, turbine engines, Indicate,c. 375 pages, 793 Illus.

Vol. 4— Gas, gasoline, oil engines, producers, aviation. 475 pages. 640 illus.

Vol. 5— Steam, fuel economy, boiler construction. 525 pages. 755 Illus.

Vol. 6— Firing, oil burners, “stokers, repairs. 575 pages, 999 illus.

Vol. 7— Pipe ﬁttair?g' heating, refrigeration, elevators. 550 pages, 1071 lllus.

Vol. 8— Wiring electrical reference. 1040 pages, 2600 illus.

O AUDELS ANSWERS ON PRACTICAL
ENGINEERING .. $l

QUESTIONS AND ANSWERS COVERING THE FUNDAMENTAL PRINCIPLES GOVERNING PRAC-
TICE OF STEAM ENGINEERING.

288 pages, fully lllustra*ed, handsomely printed and bound.

Answers your questions on air, water, steam, fuel and heat, steam boilers, water tube boilers, the steam
gauge, the safety valve, properties of steam, Installation of boilers, management of boilers, engineers'
law, firemen's law, steam engines, the valve and valve gear, the Corliss engine, engine arithmetic, lubri-
cators, Installation and operation of engines, steam pumps, Injectors, feed water heaters, steam heating,
steam traps, belts, gears and pulleys, steam turbines, refrigeration, practical electricity, elevators.

FOR ENGINEERS, FIREMEN, MACHINISTS.

O AUDELS ANSWERS ON REFRIGERATION. . .$2

FOR ENGINEERS— 829 pages, 250 illustrations, flexible binding, fully indexed.

Questions and answers covering underlying principles of refrigeration— materials used In refrigeration__
heat and cold— mechanical refrigeration and Ice making— ammonia compression system— ammonia
condenser— chemistry and distillation— cooling towers— ammonia absorption system— the ammonia
pump (with Ills.)— carbonic add system— vacuum system— compressed air system— sulphurous acid
system— ether system— circulation systems— mechanical Ice making— varied uses of refrigeration— goods
storage— storage house operation— cold storage houses— refrigerating pipe lines— emergencies and acci-
dents— Ice from raw water— domestic refrigeration and air conditioning— tables and data,

A BOOK OF INSTRUCTION AND REFERENCE.



O AUDELS ELECTRICAL POWER CALCULATIONS.$2

275 TYPICAL PROBLEMS FULLY WORKED OUT.

Gi.es and explains the mathematical formulae and the fundamental electrical laws for all the everyday,
practical problems in electricity— Ohm's and Kirchhoff's laws for Direct Current— the generation and
application of alternating current— problems in series and parallel circuits— transformers— transmission
lines— electrical machinery. Valuable notes on Radio Circuit Calculation.

With 289 Diagrams, and Tables on Conversion, Wire Gauges and Capacities, etc. Other Data; Symbols,
Formulae. 420 pages, fully diagrammed. Two parts (A.C.— D.C.). Indexed.

EVERY ELECTRICAL WORKER & STUDENT NEEDS THIS MODERN "MATHEMATICAL TOOL.”

O AUDELS NEW ELECTRIC DICTIONARY $2

FOR EVERY WORKER WHO HAS TO DO WITH ELECTRICITY.

The language of your profession in convenient, alphabetical order so you can instantly locate any
word, phrase or term. To be an expert in any line, you must “talk the language.” Audels New Electric
Dictionary enables you to understand and explain “electrical problems so your hearer will thoroughly
understand you.

Defines more than 9000 words, terms and phrasesin plain and unmistakable language, compiled with the
same accuracy and thoroughness that has characterized Audel books for 65 years.

Valuable as an Encyclopedia of Electricity and as a Dictionary.

AN ABSOLUTE NECESSITY TO EVERY ELECTRICAL WORKER AND STUDENT.

O AUDELS NEW RADIOMANS GUIDE.............. $4

A KEY TO THE PRACTICAL UNDERSTANDING OF RADIO. FOR RADIO ENGINEERS, SERVICE-
MEN. AMATEURS.

750 pages, 400 illustrations and diagrams. Size 5 x 6%*.

Features: Radio fundamentals and Ohm's Law— physics of sound as related to radio science— electrical
measuring instruments— power supply units— resistors, indicators and condensers— radio transformers
and examples on their designs— broadcasting stations— principles of radio telephony— vacuum tubes—
radio receivers— radio circuit diagrams— receiver construction— radio control systems— loud speakers—
antenna systems— antenna systems (automobile)— phonograph pickups— public address systems— aircraft
radio— marine radio equipment— the radio compass and principle of operation— radio beacons— auto-
matic radio alarms— short wave radio— coil calculations— radio testing— cathode ray oscillographs—
static elimination and radio trouble pointers— underwriter's standards— units and tables.
AUTHENTIC, CLEAR, CONCISE.

O AUDELS NEW ELECTRIC LIBRARY. $1.50 a vol.

FOR ENGINEERS, ELECTRICIANS, ALL ELECTRICAL WORKERS. MECHANICS AND STUDENTS.
Presenting in 5|mplest concise form the fundamental principles, rules and applications of applied
electricity. Fully illustrated with diagrams & sketches, also calculations & tables for ready reference.
Helpful questions and answers. Trial tests for practice, study and review. Design, construction, operation
and maintenance of modern electrical machines and appliances. Based on the best knowledge and
experience of applied electricity.

Vol. 1— Prmmgles and rules of electricity, magnetism, armature winding, repairs— 700 illustrations—

Vol. 2— Dynamos DC motors, construction, installation, maintenance, trouble shooting— 573 illus-
trations— 418 pages.

Vol. 3— Electrical testing instruments and tests, storage battery construction and repairs— 631 illus-
trations— 472" pages.

Vol. 4— Alternating current prmmples and diagrams, power factor, alternators, transformers— 801
illustrations— 484 pages

Vol. 5— A.C. motors, windings, reconnectlng, maintenance, converters, switches, fuses, circuit
breakers— 1489 illustrations— 498 pages.

Vol. 6— Relae/s condensers, regulators, rectifiers, meters switchboards, power station practice— 689
illustrations— 548 .

Vol. 7— Wiring— house, light and power, circuits, high tension transmission, plans, calculations, code,
marine wiring practice— 1218 illustrations— *28

Vol. 8— Railways, signals, elevators, ignition— 1078 illustrations— 812

Vol. 9— Radio, telephone, telegraph television, motion pictures— 793 illustrations— 576 .

Vol. 10— Refngeranon illumination, welding, x-ray, modern electrical appliances, index— 1084 illus-
trations— 674 pages.

Vol. 11— Electric mathematics and calculations— 700 pages.

Vol. 12— Electric dictionary, 9000 words and terms— 550 pages.

COMPLETE IN 12 VOLUMES— EACH VOLUME SOLD SEPARATELY AT $1.50 EACH.



O HAWKINS AIDS TO ENGINEERS” EXAMINATIONS
WITH QUESTIONS AND ANSWERS $2

AN EVER HELPFUL BOOK FOR EXAMINATIONS.

The main subjects treated, upon which are given detailed information with questions and answers, are
as follows: The steam boiler, boiler braces, incrustation and scale, firing of steam boilers, water circula-
tion in boilers, construction and strength of boilers, the steam engine, engine and boiler fittings, pumps,
the injector, electricity and electric machines, steam heating, refrigeration, valve setting, etc.

0O AUDELS WIRING DIAGRAMS FOR
LIGHT & POWER.....ciiiiiiiiieeeeee .Sl

Electricians, wiremen, linemen, plant superintendents, construction engineers, electrical contractors
and students will find these diagrams a valuable source of practical help.

This book gives the practical men the facts on wiring of electrical apparatus. It explains clearly in
simple language how to wire apparatus for practically all fields of electricity. Each diagram is complete
and self-explaining— 210 pages, illustrated. A PRACTICAL, HANDY BOOK OF HOOK-UPS.

O AUDELS HANDY BOOK OF PRACTIOAL
ELECTRICITY e $4

FOR MAINTENANCE ENGINEERS, ELECTRICIANS AND ALL ELECTRICAL WORKERS.

1340 pages, 2600 illustrations.

A quick, simplified, ready reference book, giving complete instruction and practical information on the
rules and laws of electricity— maintenance of electrical machinery— A.C. and D.C. motors— armature
winding and repair— wiring diagrams— house lighting— power wiring— cable splicing— meters— bat-
teries— transformers— elevators— electric cranes— railways— bells— sign flashers— telephone— ignition—
radio principles— refrigeration— air conditioning— oil burners— air compressors—welding, and many
modern applications explained so you can understand.

THE KEY TO A PRACTICAL UNDERSTANDING OF ELECTRICITY.

O HAWKINS ELECTRICAL GUIDES. .10 Vols.-$10

IN 10 FLEXIBLE POCKET BOOKS— $1 PER VOL.

QUESTIONS. ANSWERS AND ILLUSTRATIONS. A PROGRESSIVE COURSE FOR ENGINEERS.
ELECTRICIANS. STUDENTS AND ALL DESIRING A WORKING KNOWLEDGE OF ELECTRICITY
AND ITS APPLICATION.

These books are especially for ambitious men who are training for advancement or likely to be called
uoon for work outside of their regular line; for ready reference, and all who want Information regarding
electrical a]ppliances.

A ready reference index, planned to render easily accessible all the vast information contained in the
10 electrical guides.

O AUDELS ELECTRONIC DEVICES. . ............ $2

TELLS WHAT YOU WANT TO KNOW ABOUT THE ELECTRIC EYE.

Covering photo-electric cells and their applications. Includes easily understood explanations of tthe
workings of the electric eye, amplifiers, anodes, candlepower, color temperature, Illumination, frequen-
cies, photo tubes, grid basis, voltage, photo-electric tubes, photocell, vacuum tubes, the oscillator,
electron tubes, electrons versus atoms, Ohm's Law, wiring diagrams.

A PRACTICAL BOOK ON ELECTRONICS.
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