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AUTHOR’S NOTE
This volume is virtually three books, in one, covering in great 

detail and exhaustively the  subjects pf ’ \

1. Pumps .
2. Hydraulics
3. Compressors

The purpose of this book is to  supply needed information 
on the above subjects, especially as is indicated by the fact 
th a t pumps and compressors are universally used, being found 
in practically every plant. This has resulted in the develop
ment of a  great num ber of types of these machines to  meet 
the m any different conditions of service.

The au thor introduces a large num ber of elementary or skele
ton diagrams to  explain basic principles, construction being 
shown by photographs of the latest designs as brought out by 
the leading m anufacturers.

Considerable space is devoted to  the practical side of installa
tion, operation, m aintenance and repair.

The author desires to  express his appreciation to  George 
W. Hood for masterly execution of line drawings from hun
dreds of the  au thor’s pencil sketches. T o Evelyn K . Lawson, 
for efficient secretarial work, including assistance on make-up, 
proof reading, checking, etc. To Henry E. Raabe, M .E., for 
research consultations. To J. J . O’Riordan for efficient type 
setting, collating and make-up, and to  William C. M cCracken 
for efficient monotype composition.

To the Publishers for encouragement and suggestions during 
the preparation of the boon.



Also to  the following manufacturers for their co-operation 
' in furnishing complete information covering their products:

A l d r i c h  P u m p
A l l i s - C h a l m e r s
A m e r i c a n  M a r s h
B l a c k m e r
B o w s e r
B u c y r u s
B u f f a l o
D a y t e n - D o w d
D e a n  B r o s .
D e  L a v a l
D e m i n g
D o d g e
D o m e s t i c
F a i r b a n k s - M o r s e

F o s t e r
F o s t e r - W h e e l e r  
F r e d e r i c k  
G a r d n e r  D e n v e r  
I n g e r s o l l - R a n d  
ICr a i s s l

L a k e  E r i e  E n g . 
L e f f e l  .
M a c k

M a n i s t e e

M o r r i s

N a t i o n a l  T r a n s i t  
Novo

O i l  G e a r  
R o o t s

R o t a r y  L i f t  
S c h u t t e  &  K o e r t i n g
SlM M ONDS
S u l l i v a n
T u t h i l l

T w i n  D i s c  C l u t c h  
U n i o n  
W a r r e n  
W h e e l e r ,  C .  H .  
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Considering this list, it m ust be evident th a t the best prac
tice of construction has been adequately covered.

FRANK D. GRAHAM.
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How to Use This Index
To quickly and easily find information on any subject 

in this book the following instructions should be noted.
This book is divided into three sections indicated by 

the letters A , B, C, each covering a separate field as 
follows:

Section A .  Pum ps  

"  B. H yd rau lics  

“  C. Compressors

The pages of each section are numbered indepen
dently and the index references are given with both 
the section letter and page number thus.

S in g le  s ta g e  p u m p s ................................. A118

which means that the item will be found in the first 
or “A” section on page 118.

Get the Habit
Get the Habit of using this Index. It will quickly reveal a 

vast mine of valuable information.

“ A n  hour with a book would have brought to your m ind,
The secret that look the whole year to fin d ;

The facts that you learned at enormous expense,
Were all in  this book to com m ence’ ’



INDEX
For Quick Reference in Answering Your 

Q uestions or Problem s.

A
A b so lu te , h u m id ity ........................................ C2

pressure...........................................................C10
A c c e le ra tio n ................................................... A46

hydraulic d rives...........................................B67
A c c u m u la to r ,  a ir  b o o s te r ....................... B199

assem bly.......................................................3208
bladder ty p e ............................................... B196
bleeder v a lv e ..............................................B203
connections..................................................B179
construction ................................................B196
construction d e ta ils ..................................B106
drawing in  b a g ...........................................B207
e lem en tary .................................................. B102
in s ta l la t io n ...............................................B200

diagram .................................................... B201
location of....................................................B202
m aintenance to o ls .................................... B205
nitrogen b o ttle ............................................B198
plunger, d im en. of....................... .. B107
selection........................................................ B120
service........................................................... B196
types................................................. B103, B117

A c tu a l, com pression curves C37, C98
lift..................................................................... A98
m otion  .................................   A42

A c tu a t in g  c y l in d e r ....................................B174
A d ia b a tic  c o m p re s s io n .............................C97
A d ju s ta b le  c o m p re s s io n  r e g u la t io n  C252 
A d ju s tin g , com pressor b e a r in g s .. . .  I . C308 

connecting ro d , com pressor. . . . . . . .  C315
cross head, com pressor...........................C312
i oiler bearings, com pressor................... C310

A d ju s tm e n t ,  aux iliary  v a lv e ..................C247
chart, hyd rau lic  b r a k e s .........................B230
main bearing , com pressor..................... C309

A d m iss io n , boosted  p ressure ..................C114
line....................................................   C114
valve com pressor...................................... C146

A fte r  co o le r, co n stru c tio n ......................C221
loca tion ........................................................C280
w ater h a m m e r.......................................... C279

A IR ..................................................................C1-14
abso lu te, h u m id i ty ...................................... C2
an d  vacuum  c h am b ers ..................A457-468
atm ospheric p ressu re .............................C 1, 6
b a r o m e te r ...................................................... C8

read ings  ...................................... C10
cooling, induced ....................................... C150
cylinders, lub rica tion  f o r ..................... C295
d c f ...................................................................... C1
delivery  lin e s  ...................................C397
dew  p o in t .........................................................C3
free ......................................................................C l
h u m i d i t y ........................................................ C2

tab les .............................................................C4
in  w ater, p e rcen tag e ............................... A511
m oisture c h a r t ...........................................C218
norm al............................................................... C2
pockets in  oil lin e s ............................. A844-H
pressure ...............................   I . . C10
receiver, lo ca tio n ...................................... C281
re la tive  h u m id ity . ............................... C3
s tan d ard  a tm osphere ...................................C6
volum e...............................................................C7
w eight o f....................................................C6, 7
w et and  d ry  b u lb  th e rm o m ete r   C3

A IR  A ND VACUUM
C H A M B E R S ............................... A457-468

a ir a b so rp tio n ........................................... A458
charg in g .....................   A460
discharging ..................................................A460
i n t a k e .......................................................... A461

c y c l e ........................... A461
opera tion ......................................................A458
s ize . ................................  A462
tr o u b le .........................................................A459

rem e d y .....................  A459
w here p laced ......................................   A457

A ir l i f t ............................................................. A747
p la n t ............................................................  A750



A ir l i f t—con  f in  uec/
principle o f................................................. A749

A ir p ia n o , shock absorbing s t r u t s . . .  B212
s tru t  assem bly ...........................................B213

A ir p ia n o  c o n s t r u c t io n  re tu rn
m anifo ld ..................................................B178

A ir p la n e  c o n tro l ,  te s t  e q u ip m e n t. . . B209
A IR  P U M P S ........................................A503-542

au th o r’s zero clearance A520 '
b u ck et valves.............................................A517
classification.....................................A509, 510
condensate p u m p ................................. ....A526
double deck  va lv es ..................................A522
d ry  ty p e .......................................................A525
E dw ards im pulse ty p e ........................... A534
ejecto r ty p e ................................................A539
engine opera tion , vacuum  e f fe c t . . . .  A509
en tra in m en t ty p e ......................................A536
excessive speed.......................................... A519
fa u lty  and  correc t loca tion ...................A513
fa u lty  exhaust p ip in g ............................. A514
fea ther v a lv e ..............................................A531
function  o f ..................................................A543
h o t well p u m p ...........................................A526
h ydro  steam , tw o  s ta g e .........................A650
im pulse ty p e ...............................................A534
m ercury  colum n........................................A505
m ulti-d isc va lve........................................ A530
piping  to  condenser................................. A515
placem ent o f . .............................................A511
ro ta ry  ty p e ..................................................A540
single stage d ry  ty p e ...............................A527
size for surface condenser......................A511
so called v acuum ......................................A503
th ree  stage hydro  s team ........................ A651
Toriccllian v acu u m ..................................A504
turb ine  ty p e ............................................... A538
tw o stage ty p e ..................................  A532
v a c u u m ,  c a lc u la tio n s ...................- . .  .A507

effective e lev a tio n  ................. A508
"referred  to  30 in. b arom eter” . . . A506

w e t,  a ir p um p  c o n s tru c t io n ................A520
d isp lacem en t.  ...................................A510
displacem ent, o p e ra tio n ....................A515

A lc o h o l.............................................................. B53
A ile v ia to r(s ) ..................................................B115

in s ta lla tio n ..................................................B116
specia l........................................................... B121

A lt i tu d e  c o m p re s s io n .............................C126
A n a lo g y  o f s l i p ..............................................B70
A n g le  o f r e p o s e .............................................A78
A n g u la r  a d v a n c e ........................................C186
A n g u la r i ty ,  d iag ram ..................................C174

o f connecting ro d   ........................ A481
A n ti- f re e z e  s o l u t i o n .................................. B53
A p p a r a tu s ,  fire p u m p .............................A8440
A p p a re n t  m o tio n ...........................................A42

saving condensing ....................................A549
A rc h im e d e ’s p r in c ip le ..............................A86
A s y m p to te s .   ................................. C23

A tm o s p h e r ic ,  keel condensers...............A577
pressu re ..................................................A27, C6

A tm o s p h e r ic  p re s s u re ,  a n d  b a ro m 
eter read ings...............................................C9

effect o f e lev a tio n .......................................A33
engine o p e ra tio n ......................................... A28
how ’ m easu red ..............................................A29
v ariab le ........................................................... A29
v a ria tio n .................................................... . A505

A u to m a t ic ,  a d ju s tm en t blade
propelle r............................ .....................B297

a ir  relief v a lv e ....................................... A844-I
clearance v a lv e .......................................... C260
s ta r t  and  s to p  con tro l.............................C234
vacuum  b reak ers ...................................... A559

A U T O M O T IV E  F IR E  P U M P S
A844M-844V

before leaving d rive r’s s e a t ................A8440
connecting in tak e  hose........................A844P
contro l b o a rd .........................................A844M
engine s p ee d ........................................... A844U
eq u ipm en t...............................................A844M
gauges........................................................A844Q
ground th ro t t le .......................................A844T
locating  a p p a ra tu s ............................... A8440
p r e s s u r e , o p e ra t io n ............................A844S

re g u la to r .  ..........................................A844S
volum e ty p e .......................................A844R

prim ing p u m p .........................................A844P
p u m p in g . ................................................A844S
sh u ttin g  dow n .........................................A844V
s ta r tin g ......................................................A844Q
tem p o ra ry  s h u t dow n..........................A844U
to  se t reg u la to r .......................................A844T

A u x ilia ry , va lves............................... C235, 244
valves, ad ju s tm en t o f ............................. C247

A xia l, flow .......................................................A124
flow tu rb in es ............................................... B294

B
B a la n c in g , cen trifugal p u m p s ............... A126

disc .................................................................A131
m echan ical..................................................A129
n a tu ra l.......................................................... A127

B a r o m e te r ........................................................A29
construction  o f.............................................A29
how  to  m ake...............................................A505
pressure .......................................................... C12
reading , a ltitu d e     A508, C125
readings..................................................BIO, C9

B a r o m e tr ic  c o n d e n s e r ( s ) .............A565, 567
auxiliary ....................................................... A618
independen t p u m p ................................... A640
opera tion ......................................................A568

B asic  p r in c ip le s ,  hydrau lic  tu rb ines  B283
B a t te r ie s  o f r a m s .  ..................  A782
B au m o  s c a le ....................................................B50



Bed p la te ........................................................C169
B elt d riv en , com pressors.........................A303

centrifugal p u m p s .................................... A152
Belted c o m p re s s o r ....................................C217
B ladder ty p o  a c c u m u la to r ...................B196
Blade ty p e  r o ta r y  p u m p s ..................... A215
Bleeder va lve , a c c u m u la to r ................ B203
B leeding, h y d r a u l ic  b ra k e s ..................B228
B lo w ers . ....................   G347-358

characteristics ............................... C355
def..................................................................C347
direct connected ........................................C352
fa n ...........................................    C351
m ulti-stage..................................................C358
performance cu rv e s .......................C356, 357
positive d isp lacem en t............................. C347
pressure volum e d ia g ram ......................C354
principle.......................................................C347
ro ta ry  .................................................  • C347
water per m in u te ......................................A198

B ou lder C a n y o n  d a m ............................. B306
Boyle’s a n d  C harles*  la w s  c o m 

b ined  ......................................................... C38
Boyle’s la w .......................................................C17

experim ent.................................................... 018
sum m ary........................................................ 031

B rake, contro l v a lv e . .  ..........................B186
fluid, hyd rau lic  b ra k e s ........................... B229
horse pow er com pressor ta b le .............C110
m aintenance h in ts ..........................B221, 232
wheel cy linder, hyd rau lic  b ra k e s . . .  B220

B u ck e t, pum p  re lie f v a lv e .......................A222
valve p u m p   ..................................A265

B u o y an c y ......................................................... A88
center o f ..................   A89

B y-pass, check valve, hydraulic
control.............................. B162

relief v tiv e , ro ta ry 'p u m p s ............. . .  . A217

C
C alcu lation , a c c u m u la to r ....................B107
Calyx core d r i l l ...........................................C377
C ap acity    . • • A442

calcu lation .................................  A443
C apillary, a t t r a c t io n .  ........................ A103

depression   ...................................... A104
"Cards” ..................................   C45
Care of co m p r e sso r ..................................0307
Center o f , b u o y an cy   .......A89, 93

gravity................* ..........................................A34
pressure ...........................................................A86

C entigrade s c a le .  ..................................A50
Central p arts  o f r a m ...............................A761
C entrifu gal, com pressor......................... C133

crank p in  o i l e r . ........................................0291
force............................................ .. A110, 35

C E N T R IF U G A L  P U M P S :
CALCU L A T IO N S ................... A191,202

sym bo ls................................................... .... A191
see separa te  headings

C E N T R IF U G A L  P U M P S :
C O N S T R U C T IO N ....................A133-154

curved  v a n e ................................................A113
deep w ell......................................................A181
deep well a d ju s tm en ts ........................... A190
d e ta ils ..................... ....................................A135
dim ensions o f............................................. A153
discharge p ip in g ........................................A164
double in le t im peller............................... V139
d ra in  p ip in g ................................................A166
d riv e  f o r  ..........................................A150
e lem en ta ry ..................................................A110
fo u n d a tio n ...................................................A157
four stage  v o lu te ...................................... A149
four v an e ......................................................A138
gaskets .......................................................... A187
g ro u tin g ............................................. A157, 162
h o t liq u id s . .............. ............. .. A165
im peller d iag ram ...................................... A192
im pellers  .............................. A121, 136
jn c r e a s e r ....................................................A189

in s ta lla t io n ............................................. A190
in le t p ip ing ..................................................A162
in s ta lla t io n    A158, 188
insufficient c a p a c ity ................................ A180
la te ra l end  m ovem en ts...........................A185
levelling...........................  A158
locating  tro u b le s .......................................A180
loca tion .........................................................A155
locking screw s............................................A189
m echanical b a lan c in g ............................. A129
m ixed flow ...................................................A125
m oto r d r iv e .................................................A160
m u lti-s ta g e ..................................................A120
n a tu ra l ba lancing ...............   A127
non-binding im pellers.  .........................A140
ren ew al................................................... .... A186
rig h t angle gear d r iv e .............................A154
sh aft assem bly .........................  A144
shrouded im pellers...................................A122
single an d  m ulti-stage .............................A147
s in g le  s ta g e ...............................................A118

double in le t............................................ A142
single v a n e ..................................................A122
six p u m p s ....................................................A130
sp lit case................ ............................. .. . .  A141
s tra ig h t vanes ............................................A112
stuffing boxes an d  g lands..............  . .  A148
th r e e  s ta g e ............................ ................. A128

single in le t.............................................. A146
th ree  vane sem i-open im p e lle r.. . .  . A137
tu rb in e  d r iv e  ...................................A160
tw o  va n e ,  open im p e lle r ...................... A137

sem i-open im p e lle r. ..................... A137

C e n t r i f u g a l  p u m p s ,  casing................... A135
classification.........................   A116



C en t r i fu g a l  P u m p s :  C o n s t r u c t io n  —c o n t.
vertical single stage  vo lu te ...................A151
volute casing ..............................................A135
w ater seal cage.......................................... A175
w earing rin g s ............................................. A148

C E N T R IF U G A L  P U M P S :
O P E R A T IO N ..........................A155-190

abnorm al cond itions ...........................   . A178
a tte n tio n  w hile ru n n in g ..................     A177
au tom atic  prim ing sy stem ....................A172
axial flow..................................................... A124
balancing  d isc ............................................ A131
b e lt d r iv e n ..................................................A152
electric cu rren t consum ption ............... A197
opera tion ......................................................A166
overheating ................................................. A179
overloads d riv e r........................................ A182
pipe friction  ta b le s .........................A195, 196
poin ters .........................................................A183
poin ts on  assem bly ..................................A187
practical s ta t ic  lif t ................................... A156
p r im in g ...................................................... A167

by  e je c to r ............................................... A169
by h and  lif t p u m p ............................... A169
m e th o d s . ..........................................A168
p ip in g ................................................ •.. . A176
w ith  foot v a lv e ......................................A170

s ta r tin g .........................................................A171
s to p p in g .......................................................A177
to ta l lo a d ................... A194
trouble  ifs ..........................................*. . . .  A184
troub les........................................................ A178
vacuum  ta n k  p rim ing .............................A173
v ib ra tio n ............................................ A179, 182
w orking o f ...................................................A109

C E N T R IF U G A L  P U M P S :
P R IN C IP L E S ............................A109-132

see separa te  headings
C e n t r ip e ta l  f o r c e .........................................A35
C h a n g e  o f s t a t e ............................................A17
C h a n n e l  v a lv e s ........................C165, 167, 331

general in s truc tion ...................................C335
p a r ts ..............................................................C166
sea ts , refacing ............................................C335

C h a r a c te r i s t ic s ,  of blow ers....................C355
of pow er pum ps........................................ A469

C h a r g e .............................................................C361
C h a r g in g ,  p re ssu re .....................................B100

v a lv e ................................................................B95
C h e c k  v a lv e ...................................................B157
C h in e s e  w h e e l a n d  a c t io n ......................A67
C irc le s , properties  o f ................................. A453
C irc u la t io n  p u m p .................................... A587
C la s s if ic a tio n  o f, a ir p u m p s .................. A509

centrifugal p u m p s....................................A116
• com pressor p a r ts ......................................C143

cooling to w e rs ...........................................A691
dredges.........................................................A845
power p u m p s  A471 -474
regulating  dev ices.................................... C229
surface condensers...........................A573-576

C L A S S IF IC A T IO N  O F  C O M P R E S S O R S
C127-142

air c o o le d .......................  C140
b e lt d r iv e .......................  C141
centrifugal................................................... C133
com pound....................................................C138
direc t co nnec ted ....................................... C135
double a c t in g ., .  .............................C130
high  p ressu re . . ..................................... C134
ho rizo n ta l   ............................................C136
low pressu re ................................................C134
m edium  pressu re ...................................... C134
m ulti-cy linder............................................C137
power d riv e n .............................................C135
ra d ia l . ...........................................  C136
rec ip roca ting . ..........................................C133
ro ta ry ............................................................C133
s in g le ,  ac tin g .............................................C130

cylinder.................................................... C137
stag e ......................................................... C131

tw o stage .....................................s. .............C132
v ertica l..........................................  C136
w ater cooled..................................   C139

C le a n in g , com pressor................................C306
w ater ja c k e ts ............................................. C346

C le a ra n c e  p o c k e ts .....................................C261
C logged  p a ssa g es , cooling sy s te m . . .C279
C lo sed , cooling sy s te m ..............................C278

impellers . . .  ............................... A138
C o -e ff ic ie n t of f r i c t i o n ............................. A78
C old  w e a th e r  p re c a u t io n s ,

com pressors..............................   C345
C o lu m n , flanging, hydrau lic  p resses.. B273

sta tic  to ta l .....................................................B18
to ta l ..................................................................B17

C o m b in a t io n ,  cooling to w er..................A702
to w ers ........................................................... A702

C o m b in e d , coun ter a n d  para lle l flow
condensers .. .   ...................................... A556

d iag ram ...........................................................C62
efficiency...................................................... C121
forced and  induced d rau g h t to w e r . . A702 
n a tu ra l an d  forced d rau g h t to w e rs . . A702

C o m p o n e n ts  o f a  fo r c e ....................  A39
C o m p o u n d  s te a m  e n g in e  c o m 

p re s s o r ....................................................C201
C o m p re ss e d  a i r  s y s t e m ......................... A.751
C o m p re ss io n , calcu la tions........................ C84

c o n s ta n t......................................................... C25
cycle.................................................................C29
diagram s C82, 100
efficiency...................................................... C 117
h e a t loss.........................................................C36

C O M P R E S S IO N  O F  A IR .................C15-64
adm ission line...............................................C52
asy m p to tes ....................................................C23
Boyle’s an d  C harles’ la w s .......................C34
Boyle’s la w ............................................C17, 19
Boyle’s law  experim ent........................... C18
Boyle’s law , su m m ary ..............................t  31
“ cards” ...........................................................L45



C o m press ion  of A ir— c o n tin u e d
Charles’ law .................................................. C32
clearance effect.............................................C58
com bined d iag ram ...................................... C62
compressed a ir ............................................. C16
c o m p r e s s io n ............................................... C56

co n stan t................................................... . C25
final p ressu re . .........................................C28

delivery line .................................................. C57
d ia g ra m s,  construction  o f . . . . . .  .C45-51

various........................................................C45
e x p a n s io n .............................................C17, 59

co n stan t.................    C26
heat, exam ple o f..........................  C33
h y p e r b o la , def............................C17, 20, 22

equ ila teral.................. C23
in itia l p ressu re ............................................. C30
isotherm al c u rv e  ............................... C24
num ber o f com pressions...........................C30
object o f com pressing............................... C16
predicted  d ia g ra m ............................... C52-58
pressure a t  a ll p o in ts .................................C19
principles........................................................C15
PV  =  P 'V '.................................................... C25
ra tio  o f com pression ..................................C29
tab le  o f abso lu te  p ressure ........................C60
tw o stage com pression......................C 61, 63

C o m p re ss io n  ta b l e ....................................C105
theoretical d ia g ra m ..................................C86

C o m p re ss o r ,  a d ju s tm en t o f ................... C327
care o f...........................................................C327
classification............................................... C145
cylinders...................................................... C144

C om  p re s so r  (s), D iesel d r iv e n ............... C207
discharge p ip ing ........................................ C276
displacem ent of, ta b le ............................. C108
e lem entary .  ................................................C34
en bloc c o n stru c tio n ................................C147
exciter b e l t ..................................................C282
fram es ...........................................................C168
in tak e ................................................... C269-271
operating  suggestions............................. C302
ro ta tio n .................................................... . .C282
safety  v a lv e ................................................ C281
v a lv es . .  .................................................... C149

location o f............................................... C280
w ater o u t le t ................................................C273

C O M P R E S S O R  P A R T S ............... C143-190
adm ission v a lv e .........................................C146
air valves, various.................................... C160
bed p la te ...................................................... C169
channel v a lves..   C165, 167
classification................................................C143
connecting rods  C173, 175, 176
crank  s h a f t  C172, 187, 189
cross h e a d .  ................................................C171
c y l in d e r ...................................................... C144

classification.  ................... . ............... C145
discharge v a lv e .  .............................. C146
e c c e n tr ic ....................................................C182

s t r a p ..........................................................C184

C o m p re s s o r  P a r t s — c o n tin u e d
fea ther v a lv e ................ . . ..........................C161
finger valves................................................C160
fram es...................................................C165, 168
ind irec t yalve gear................................... C182
M ey e r, c u t  off v a lv e   ..................C155

p iston  v a lv e ...........................................C 158
valve o p era tio n .  ...........................C156

offset p in s ........................................... C181, 183
outside eccen tric .......................................C 183
p a r ts .............................................................. C166
p is to n ............................................................ C169
p la te  v a lv e s ................................................ C162
ring  disc v a lv e s .........................................C163
slide v a lv e . ..........................................C187
steam  c y lin d e r...........................................C153
th ro w  o f e ccen tric ................ C185
tw o  s ta g e , cycle ...................................... C151

cy linder. . .  ..........................................C195
v a lv e , ch an n e l........................................... C165

gear  C176, 178
rin g  d isc ...................................................C163
s te m .  ..................................................... C180
yoke ...........................................................C179

C O M P R E S S O R  T Y P E S ................ C191-208
b e lt drive  com pressor............................. C195
com pound s team  d riv e ...........................C201
double a c t in g .............................................C193
d u p le x ,  com pressors...............................C202
“ four corner” com pressor......................C203
m onobloc......................................................C192
oiling sy s te m ..............................................C203
single a c tin g ................................................C191
s tra ig h t line cross h ead .......................... C205
ta n d e m ,  th ree  stage com pressor. . .C199

tw o stage com pressor.........................C197
three  cy linder.........................  C194

C o n d e n s e r(s ) ,  b a ffle s ............................... A602
barom etric ...................................................A565
Class 2 .......................................................... A573
cooling su rface ...........................................A664
counter flow b a ro m etric .........................A566
design d a ta ................................................. A662
e jec to rs .........................................................A619
for steam  tu rb in es ................................... A662
ignorance relS'ting to ............................... A578
velocity  o f flow ......................................... A667
w ater w orks condenser...........................A664
w et a ir p u m p s ........................................... A671
w ith  d iv ided  w a ter boxes...................... A608

C o n d e n s e r  a n d  p u m p  a s s e m b ly .  . . A588 
C O N D E N SE R  A U X I LI ARI E S . . .6 1 3 -6 3 4

a ir ................................................................... A614
a ir  e jec to r .................................................A615
barom etric  e jecto r....................................A617
condensate p u m p ......................................A614
ejector flow d iag ram  A626, 627
equ ipm en t......................................... .. A616
in te r and  a fte r condenser u n i t    A628
non-condensible v ap o rs..........................A614



piping  arran g em en t................................. A632
pre-cooler a fte r condenser u n i t ...........A625
rem oval p u m p ...........................................A614
th ree  stage e jecto rs................................. A629
vacuum  bo o ster........................................ A630
various e jecto rs...............................A619-624

C O N D E N S E R : C A LC U LA TIO N S
A657-674

condensate pum ps....................................A673
c o o lin g , surface....................................... A664

surface calculations.............................A660
w ater, fo rm u la ......................................A659
w ater re q u ired ......................................A658

design d a ta ................................................. A662
d ry  a ir  p u m p s ........................................... A673
G rashof form ula ........................................A665
injection  w ater, q u a n tity  o f .................A668
q u a n tity  o f cooling w a te r......................A658
surface condenser......................................A670
v a c u u m ,  possib le ....................................A657

ran g e .........................................................A66F
C o n d e n s e r  e je c to r ( s ) ,  arrangem ents A620

b aro m e tric ........................................ A570, 627
flow d iag ram .......................... A624, 625, 629
m ultip le  e lem en t.......................................A623
piping a rrangem en t................................. A632
s in g le  s ta g e .............................................. A619

w ith  a fte r condenser...........................A619
w ith  pre-cooler......................................A619

steam  j e t ......................................................A620
th r e e  s ta g e ,  condensing.......................A622

non-condensing..................................... A622
w ith  non-condensing first s ta g e .. .  A622

tw o  s ta g e ,  condensing...........................A621
condensing w ith  pre-cooler...............A621
non-condensing.....................................A621
w ith  in te r and  a fte r condenser. . . A628

C O N D E N S E R S : O P E R A T IO N .. A635-656 
barom etric  in s ta lla tion . A640
duplex  tw o  stage sy s te m .......................A649
educto r a rran g em en t...............................A643
educto r in s ta lla tio n ..................................A645
fo u r  s ta g e ,  in s ta l la t io n . ............... A000

system    . A652
high vacuum , how ob ta in ed .................A638
hyd ro  s team  a ir p u m p ........................... A650
j e t ,  pum p and  connec tion ....................A637

s ta r t in g ....................................................A635
paralle l flow b a ro m e tric ........................ A566
k e e l,  engine d riven  p u m p ....................A635

independen t p u m p   ...............A636
precau tions .............................................A635

surface, w ith  s team  je t  a ir p u m p . . . A646
th re e  stage a ir p u m p ...............................A651
tw o  s ta g e ,  a ir p u m p ..............................A650

sy stem s....................................................A647
vacuum  boosters ...................................... A654
sa v in g ,  cu t off engine............................ A547

th ro ttlin g  e n g in e ................................. A547

C o n d e n s e r :  Auxil ia r ie s— c o n tin u e d C o n d e n s e r  t u b o ( s ) ....................................A592
connections...............  A595
creeping........................................................ A596
fasten ings .................................................... A594
jo in ts .............................................................A594
thickness...................................................... A593

C o n d e n s in g , a p p aren t sav in g ............... A549
pow er g a in ..................................................A550

C o n d u c t io n .....................................................A55
by  ra d ia tio n ..................................................A56

C o n n e c t in g  r o d ................................ C173
a d ju s tm en t..................................................C317
ends......................................................C175, 176

C o n s e rv a tio n  o f e n e r g y  A72, C71
C o n s ta n t ,  d isp lacem ent p u m p .................B94

m otion ................... *................     A44
s p e e d ,  b low er...........................................C354

governor c o n tro l .................................. C230
C o n te n ts  o f ro u n d  t a n k ........................A198
C o n tr a c t io n ,  a n d  expansion .................... A74

je ts .................................................................... B40
C o n tro l ,  system , hyd rau lic  e le v a to r . . A132

v a lv e ................................................................B87
pow er.........................................................B171

C o n v e c t io n ...................................................... A55
C o o lin g , effect, cooling tow ers............... A703

points o n ...................................................... C213
surface, approx. m e th o d .....................  A660
s y s te m ,  clogged passages.................... C279

closed........................................................ C278
piping fo r ................................................C278
p recau tion ...............................................C279

C O O L IN G  PO N D S ...........................A675-688
classification................................................A676
cold w eather e ffect.................................. A678
d e f.................................................................. A675
directed  flow n a tu ra l p onds..................A679
how  cooling takes p lace .........................A678
loss by  evapo ration ..................................A675
n a tu ra l ponds.............................................A677
non-directed  flow n a tu ra l p o n d  A677
on  roof.......................................................... A687
s p ra y  p o n d s ............................................. A681

double d e c k ............................................A682
h o t w eather e ffec t............................... A684
louvre fence ........................................... A686
precau tion ...............................................A683
single d e c k ..............................................A681

tu rb ine  sp ray  nozzle............................... A684
w here u sed ..................................................A675

C O O L IN G  T O W E R S ...................... A689-706
brushw ood  ................................................A695
classification............................................... A691
com bina tion ............................................... A702
co n struction ............................................... A690
cooling e ffect..............................................A703
d e f ..................................................................A689
distribu tion  d e ck ...................................... A692
distribu tion  tro u g h s ................................A693
d is trib u to rs ................................................. A691
forced d ra u g h t...........................................A701



C ooling T o w e rs— c o n t in u e d
induced d ra u g h t....................................... A698
location .........................................................A706
natu ra l d ra u g h t.........................................A700
open n a tu ra l d ra u g h t..............................A696
q u a n tity  o f cooling w a te r......................A658
where u s e d ..................................................A689
wood checker w o rk ..................................A705

C o u n te r  f lo w , barom etric  condenser. A566
condenser.....................................................A603
je t  condenser..............................................A555

C ran  k c ase , enclosed h orizon tal p um p A501
lu b rica tio n ...................................................C288
oil, am o u n t req u ired ...............................C288

kind u s e d ................................................ C287
C ra n k  d isc , lu b rica tio n .............................C288

pum p sy ste m ..............................................C288
C ra n k  p in  o ile r , c e n t r i f u g a l ................C291
C ra n k  s h a f t ............................... C172, 187-189

classification................................................C 188
C reep in g  o f t u b e s ......................................A596
C ross flo w  c o n d e n s e r ...............................A601
C ross h e a d ,  box ty p e ................................C172

de ta ils ........................................................... C313
drive.............................................................. A447
single s lipper...............................................C173
solid................................................................A298

C u rv a tu re  o f im p e l le r  v a n e s  A115
C u sh io n  s p r in g s ..................... / ................ C164
C y lin d e r , com pressor.................................C144

displacem ent...............................................A437
lubricator, force feed ...............................C294

D
D a n d  B v a l v e s . . . ; ....................................A344
D e ce le ra tio n , hyd rau lic  d r iv e s ................B67
D eep w e ll, in s ta lla t io n ............................. A758

pum ping s y s te m .......................................A757
D elivery va lve , h y d ra u l ic  b ra k e s .  . .  B218
D en sity , o f s team .................  B48

of w a ter...........................................................B49
D la g ra m (s ) .   ............................................... C45

adm ission line ...............................................C52
com pression line .......................................... C56
condensation a n d  rc*evaporation . . . .  C54 
constan t speed regu lation  system . . . C246
construction ........................................... C46-50
delivery lin e ..................................................C57
expansion lin e  C58, 59
inertia  effect..................................................C53
norm al a ir a d m itte d ..................................C55
p a rtly  theo re tical................................. C49-51
plotting  of......................................................C60
p red ic ted . .........................................C52-58
regu la to r.......................................................C257
stric tly  theo re tical................................C46-48

D iesel d r iv e n  c o m p re s s o rs ................... C207
D iff e re n tia l  a c c u m u la to r ......................B109
D ire c t, accu m u la to r....................................B104

connected  pum p , non-expansive
v a lv e  ................................................A332

stroke w ind m ill........................................ A739
D ire c te d  flo w , n a tu r a l  p o n d s  A677
D ire c tio n  o f r o ta t io n ,  c e n t r i fu g a l

p u m p s ................  A174
D irty , cooling w a te r ....................................C279

v a lv e s ..............................................  C328
D isc f lo w .........................................................A571

centrifugal p u m p s .................................... A164
D isc h a rg e , p ip ing ........................................C276
D isch a rg e  valvo  c o m p r e s s o r ................C146
D is p la c e m e n t.................... %. A87, A436, 437
D is t r ib u t io n ,  d e c k .....................................A692

tro u g h s ......................................................... A693
D is tr ib u to r s ,  c o o lin g  to w e rs ...............A691
D ivided flo w  c o n d e n s e r  ' . .............A601
“ D o c to r"  b o ile r  feed  p u m p ,

G r a h a m ................................................. A316
D o m e s tic  w a te r  s y s te m s , c la s s .  . . . A707
D o u b lo  a c t in g ,  duplex  p u m p ................ A487

inside packed plunger p u m p ................A271
piston  force p u m p ....................................A268
plunger force p u m p ................................. A268
shock abso rber........................................... B242
sim plex p u m p .............................................A485

D o u b le  d e c k  s p ra y  p o n d ....................... A682
flow  condenser...........................................A608
in le t im peller..............................................A139
tu b e  condenser..........................................A589

D ra in  p ip in g  c e n t r i f u g a l  p u m p s .. .A 1 6 6
D r a u g h t .............................................................A88

tu b e , tu rb in e .............................................. B290
D R E D G E S ............................................A845-856

classification................................................A845
five blade c u tte r ........................................A854
five d ru m  h o is t.......................................... A852
h y d r a u l i c ..................................................A846

c u t t e r .......................................................A850
p la in  in le t ................................................A847
revolving c u tte r ....................................A851

in le t h e a d .................................................... A849
je t  a g ita to r ..................................................A853
la d d e r ............................................................A851
m ovem en ts..................................................A855
sp u d s ............................................................. A852
trave lling  in le t screen ............................. A853

D r if te r ,  d r il ls  C375, 379
sh an k .............................................................C374

D r if te r s ............................................................C375
D rill ,  long s tro k e ......................................... C400

selec tion ....................................................... C374
D rive  f o r  c e n t r i fu g a l  p u m p s ..............A150
D riven  w e ll(s ) , ............................................. A709

p o in t ...................................................A712, B69
D riv e r, h y d ra u l ic  d r iv e s ...............  . B60, 69
D ry  a i r  p u m p ...........................A526, 527, 673

adv an tag e  o f.............................  A527



D ry a ir  p u m p — c o n tin u e d
w hen to  u se ................................................ A618

D ry c o n d e n s e r s ...........................................A589
D ug w e lls .......................................................A709
D u p lex , com pressor in s ta lla tion .............C206

cushion an d  relief passages.................. A330
D -B  p um p  cylinder................................. A346
d o u b le  a c tin g ,  power p u m p ............... A476

p u m p ........................................................ A488
pum p a u th o r’s  design........................ A498

gear, e n tire ................................................. A342
pum p, and  closed crank  case...............A368
reciprocating p u m p s ............................... A315
single acting , p u m p ............................... A486
s team  d is trib u tio n ....................................A328
steam  valve and  s e a t ..............................A329
tw o stage a ir  pum p sy s te m ..................A649
va lve  g e a r ..................................................A334

D  an d  B  ty p e   .......................... A343
lost m o tion .............................................A335
p a rts  o rd inary  g e a r .............................A350

D u ty  o f p u m p s ...........................................A455
D y n a m ic , h e a d .................................... A84, 100

in e rtia ........................................A48, B63, C74
lif t A97, B10
lift, effect o f  tem p e ra tu re ........................ A99
to ta l co lum n..................................................B19

E
E c c e n tr ic ,  and  s t r a p ................................. C182

d riv e ..............................................................A447
r o d .   ......................................................... C184

E d u c to r  c o n d e n s e r ,  a r r a n g e m e n t . . A645
E d w a rd s  im p u ls e  a i r  p u m p ................A535
E ffe c t o f c le a r a n c e ....................................C115
E ffic ie n cy , com pressors............................ C112

hydrau lic ......................................................A449
kinds of.........................................................A448
m echan ica l..................................................A450
p u m p s ...........................................................A448
tab le , ra m s ................................................. A776
th e rm a l........................................................ A449
volum etric ...................................................A449

E je c to r ,  a ir  p u m p .......................................A539
barom etric  condenser............................. A570
je t  barom etric  condenser...................... A617

E le c tr ic a lly  c o n tro l le d  c i r c u i t s  B90
E lec tr ic  a n a lo g y , r a m s . . .  A778, 779
E le m e n ta ry ,  centrifugal p u m p ............. A110

h ydrau lic  d riv e ...............  B57
E n c lo sed  d o u b lo  in l e t  im p e l le r s .  . . A139
E n e rg y .  ...................................C65, 69, 71

conservation  o f.................................... C71, 72
expenditure o f ............................................. C71
kinds o f . .........................................................A71
k ine tic ............................................................. A71
p o ten tia l................................     A71

E n t r a in m e n t  a ir  p u m p .........................A536

E n try  h e a d ....................................................A103
E q u a liz in g  d e v ic e s .......................... B119, 122
E q u i la te ra l  h y p e rb o la ...............................C16
E s s e n tia l p a r ts ,  a c c u m u la to r s  B101
E v a p o ra t io n .................................................... B15
E v a p o ra tiv e  c o n d e n s e r ................. A591, 593
E x c ite r b e l t  c o m p re s s o r .........................0282
E x p a n d in g  c le a ra n c o  a i r .......................C116
E x p a n s io n , an d  con trac tio n ......................A74

c o n s ta n t......................................................... C26
lin ea r................................................................A75
of w a ter.......................................................... A00
volum etric ......................................................A75

E x te rn a l,  la te n t h e a t ....................................A52
work, specific h e a t......................................C40

F
F a h r e n h e i t  s c a le .......................................... A50
F a lse  p re s s u re ..............................................C114
F a n  b lo w e rs ..................................................C351

a d a p ta tio n ...................................................C352
F e a th o r  a i r  v a lv e s  A531, C162
F e e d .....................................................................B92

pum p s izes .................................................. A447
F e e d in g  p r e s s u r e ....................................... B100
F IF T Y  T H R E E  P O IN T  T H R E E  C38
F ig u r in g  d i s p la c e m e n t .......................... A439
F in g e r  v a lv e s ................................................C160
Firo  p u m p (s ) ,  con tro l b o a rd ............. A844N

engine sp eed ........................................... A844U
equ ipm en t...............   A844M
gauges A844N, 844Q
in take  hose...............................................A844P
p a r ts ...........................................................A844N
p u m p in g ....................................................A844S
speed..........................................................A844U

Five, b lade c u tte r, hydrau lic  dredges A854
drum  h o is t..................................................A852
step  regu la to r.............................................C255

F la n g es , h y d ra u l ic  p re s s .......................B279
F la p p e r  va lve  h a m m e r ...........................C404
F lo a tin g  p l a t e .............................................A597
Flow , o f w ater, m easu rem en ts............... A772

of w ater th rough  orifices............ A104, B40
Fly w h e el p u m p , expansive v a lv e . . .  A332 
F o llow er, h y d ra u l ic  d riv e s . . .  B60, 68, 69
F o o t p o u n d ,  e le m e n ts  o f ........................ C67
F o o t p o u n d s ........................................A60, C66
F o rce , c o m p o n e n ts  o f ...............................A39
F orced  d r a u g h t ,  cooling tow ers A701

to w e rs ..........................................................A701
im p o rtan t provision ............................A701

F orce  fe e d , cylinder lu b rica to r ............. C294
lu b rica tio n ..................................................C290
oil s y s te m .................................................. C295

F orce  p u m p (s ) ............................................ A262
d o u b le  a c t in g , p i s t o n . . . ....................A268

plunger.................................................... A268



Forces, c o m p o s i t io n  a n d  re s o lu t io n  A36
F orcing , o r  b u s h in g ,  h y d ra u l ic

p re s se s .................................................... B275
Forg ing , h y d ra u l ic  p re s s e s .................. B273
F o u n d a t io n ...................................................A157
“ F our c o r n e r "  c o m p re s s o r  ............... C203
F o u rn ey ro n  t u r b i n e ................................ B288

‘ F ou r s tag e , s team  je t  a ir pum p,
in s ta lla tion ............................................. A653

volute p u m p . ...................................A149
F our w ay v a lv e ..............................................B95
F ram e ...............................    C165
Free a i r ................................................................C1

unloader(s)...................C235, 238, 241, 334
unloader(s), rem oval o f ......................... C335

F r ic t io n ............................................................. A76
angle o f repose............................................. A78
causes o f .........................................................A77
characteristics o f .........................................A77
co-efficient o f ................................................A78
harm ful effect...............................................A78
head...............................................................A103
law3 o f .   ..................................................A79
lubricated su rfaces .....................................A79
water in  p ipes................................. A716, B20

F r ic t io n a l r e s is ta n c e  d u r in g
a d m is s io n .............................................C114

Full c h a rg e ....................................................C361
F u s io n ................................................................A16

G
g, va lue  o f .  ................................................A34
G as e n g in e  d e fe c t s ........................   .C360
G auge, and  atm ospheric  p ressu re  A26

pressures.........................................................C10
G e a r.........................................................   A134
G eared  h y d ra u l ic  e le v a to r s . . . .  A123, 134
G ear p u m p s ,  d im e n s io n s .................... A227
G ero to r p u m p   ................................B144
G ly cerin e , r a d i a t o r .....................................B53
G o v e rn o rs ............................................. B314-318
G ra h a m , "D o c to r”  feed p u m p ...............A767

impulse v a lv e .............................................A316
G rasho f f o r m u la ....................................... A665
G rav ity ...................   A34
G ro u tin g .........................................................A162
G ro u n d  th r o t t l e ,  f i r e  p u m p ............A844T
G un  c h a rg in g  v a lv e ..................................B194

H
H and a d j u s t m e n t  b la d e  p ro p e lle r .  B296
H and p u m p , double a c tin g ....................B146

single a c tin g ................................................B145
H andy  ta b le  fo r  r a m s ............................. A774
H arm o n ic  m o t io n .....................................A479

H e ad ..................................................................A435
and  p ressu re ................................. B3, A84
d y n a m ic  A84, 100
e n try ............................................................. A103
fr ic tio n ..........................................................A103
s ta t ic .......................................................A84, B5

H e a t  A49, C66
and  w ork........................................................ C68
experim en t.................................................... C33
sensib le ........................................................... A49
specific.............................................................A54
tra n s fe r ........................................................... A55
u n it o f ............................................................. A53

H eavy  r e b o u n d ,  s h o c k  a b s o r b e r .  . . B240
H elica l g e a r  p u m p s ..................................A208
H ig h , level condenser a u x ........................ A618

pressure com pressor...................... .. C134
tem p e ra tu re  judged  b y  c o lo r.. . .  . A57, 58 

H o is t, fiv e  d r u m ,  h y d ra u l ic  d re d g e  A852
H o o k , g auge .....................................................B33

u p  o f r a m .................................................... A762
H o p p e r  co o led  c y l in d e r ......................... C148

. H o r iz o n ta l ,  hyd rau lic  p resses ................B276
pow er house p u m p .................................. A755

H orso  p o w e r  A60, C73
boile r................................................................C77
b ra k e ............................................................... C77
calcu la tio n ...................................................C109
effective.......................................................... C77
electrical......................................................... C77
factors involved ...........................................A61
form ulae..................................................A62, 63
kinds o f........................................................... A63
tab le  for 100 cu. f t .  o f a i r ...................... C105
tab le , h y d ra u lic .........................................A102
various A61, C77
w ater e n d .................................................... A450

H ose , p o in ts  r e la t in g  t o ........................ C399
H o t w ell p u m p ,  m is n o m e r ..................A526
H o u se , force p u m p ......................................A713

lift p u m p ......................................................A713
pum p  in s ta lla tio n  ............................. A721

H ow  a  r a m  w o rk s ......................................A763
H y d r a - m a t lc  d r iv e . .  ................................B68
H y d ra u l ic ,  c ircu it..................................B64, 88

c o n tr o l ,  o v e rh au l.................................... B206
sy stem  B140, 180

pressures . . ...............................B111
princip les................................................. A83-90
pum p for 10,000 lbs................................... B28

H Y D R A U L IC  A C C U M U L A T O R S
B1Q1-122

a lle v ia to rs ..................................................B115
in sta lla tio n ............................................. B116

con stru c tio n ................................................B106
d e f .................................................................. B101
design exam ple...........................................B107
differential accu m u la to r.........................B109
direc t, e lem en tary .....................................B104
e le m e n ta r y ................................................B102

allev iato r................................................. B115



H y d r a u l i c  A c c u m u l a t o r s — c o n tin u e d
equalizing devices...........................B119, 122
essential p a r t s ............................................B101
exam ple........................................................ B108
hydraulic  p ressu res..................................B111
h y d r o - p n e u m a t ic ..................................B110

piston  ty p e .............................................B113
plunger ty p e .......................................... B113
system ...................................................... B114

in te n s i f i e r ................................................. B109
operation ................................................. B110

inverted , e le m e n ta ry ............................. B104
load d iag ra m ..............................................B118
operation ......................................................B102
pneum atic  p ressu res................................B111
ring  w eigh t..................................................B1.05
selection .......................................................B120
special a llev ia to r.......................................B121
ty p e s ............................................................. B103

H Y D R A U L IC  A IR  PLA NE BRA K ES
B215-232

a d j u s t m e n t , c h a r t ............................... B230
for w ear...............................  B229

bleeding *...........................................B228
b r a k e ,  delivery v a lv e ............................. B218

elem entary  m aster cy linder............. B216
flu id .......................................................... B229
wheel c y lin d er.......................................B220

m aintenance h in ts ...........................B221-226
m aster cy linder......................................... B219
opera tion ......................................................B216
pedal a d ju s tm en t......................................B226
p rinc ip le .......................................................B215
rem oving wheel cy linders...................... B227
re tu rn  v a lv e ................................................B218
th e  te rm  “ hydrau lic” ............................. B215
w h e e l, cylinder, off p o sitio n ................B217

cylinder, on p osition ...........................B217
H Y D R A U L IC  A iR  P L A N E  C O N T R O L

B139-214
a c c u m u la to r ............................................B150

assem bly...........................................   B203
connections............................................. B179
in s ta lla t io n ............................................. B200
m ain tenance  to o ls ................................B205
opera tion ................................................. B151
pre-load ing ............................................. B198
te s t .................................... B209

a c tu a t in g  c y l in d e r ................................B174
opera tion ................................................. B175

a ir  booster p u m p ...................................... B199
air v a lv e .......................................................B197
assem bly .......................................................B208
basic p rin c ip le ........................................... B139
bleeder v a lv e ..............................................B203
b r a k e ,  con tro l va lve ............................... B186

hydrau lic  sy stem s ................................B183
by-pass check v a lv e ................................ B162
check va lve................................................. B157
elem entary  system ................................... B180
equ ipm en t......................................   B188

fluid c ircu la tio n .........................................B139
gear p u m p ....................................................B143
G erotor p u m p ............................................B144
gun charging v a lv e .  B194, 195
h a n d  p u m p ,  double a c t in g ................ B146

single a c tin g ...........................  B145
inspec tion  B206 *
landing gear s t r u t .....................................B213
m a s te r ,  b rake  c y lin d e r .........................B183

cylinder........................................... B184, 185
orifice check va lve .................................... B160
orifices........................................................... B159
o v e r h a u l ........................................ B206

to o ls . .   ..................................................B204
p is to n ,  assem bly  .........................B139

selector v a lv e  . .................B164-167
poppet selector v a lv e . . ........................B169
p o w er ,  con tro l v a lv e .............................. B171

p u m p s .......................................................B142
p r e s su r e ,  m anifo ld .................................. B147

re g u la to r ..................................................B153
ta n k ........................................................... B150

relief valve ..........................................B155, 156
reservo ir............................................... B140
re tu rn  m an ifo ld .........................................B177
ro to r selector v a lv e ..................................B168
s e le c to r  v a lv e ...........................................A164

opera tion ..................................................B170
ty p e  F ....................................... : .............B192
ty p e  H ......................................................B188
ty p e  K ......................................................B190
ty p e  M .....................................................B191

shock absorbing s t r u t s ........................... B213
s u rg e  c h a m b e r ....................................... B147

t y p e s . .......................................................B148
system  p a rts ................................................B140
te s t ,  equ ipm en t.........................................B209

procedu re ................................................ B210
set-up ........................................................ B209

tr o u b le s .......................................................B211
causes an d  rem edies............................B211
tw o valve sy stem ................................. B189

ty p e ,  F  c i r c u i t ..........................................B193
K  c ircu it..................................................B190
M  circu it................................................. B192

vane p u m p ..................................................13143
H y d ra u lic  c o n tro l  a i r  p l a n e ................B139
H y d ra u l ic  c o n tro l le d  c i r c u i t s ...............B88

opera tion  o f ...................................................B99
principle o f .................................................... B91

H y d ra u lic  d r e d g e s .................................... A846
digging d e p th ............................................. A847
o pera tion ......................................................A849
w ith  p la in  in le t ......................................... A847

H Y D R A U L IC  D R IV E S ......................B55-80
basic p rinc ip les............................................B58
cen trifugal force.......................................... B59
c o n v e r te r s .................................................... B76

o peration ....................................................B77
d e f.....................................  B56

H y d ra u l ic  Air  P lan o  C o n t ro l— c o n tin u e d



driver.......................................................B69, 72
dynam ic in e rtia ..........................   B62, 6G
elem entary d iagram s...............   B60
essential p a r t s .............................................. B58
follower........................................... B64, 68, 72
general ap pearance .....................................B71
inherent defect o f  gas engine..................B57
m arine rev e rse ..............................................B80
oil acceleration............................................. B61
physics.............................................................^58
Raabe pioneer d r iv e . . . ............................B56
reduction gears  ..............................B80
slip, analogy.................................................. B70
ta n g e n t ia l , a cce le ra tio n .........................B64

deceleration...............................................B64
tw in c lu tc h .......................................  B74

H y d ra u lic  e f f ic ie n c y ................................A449
H Y D RA U LIC  E L E V A T O R S . . .  B123-138

control sy s te m ........................................... A132
horizontal cy linders.............., .................B135
how ,  rev e rsed . ................................ A126

star ted ...................................................... A126
sto p p ed .................................................... A126

hydro-pneum atic a u to  j a c k .............. B138A
hydro-steam  s y s te m . .V . . ...........A130
gear ty p es  A134, 135
p lu n g e r .......................................... .. A124

m echanism ..............................................A129
system ...................................................... A125
type  construction .................................A127

push b u tto n  system ................................. A131
side w alk ty p e ........................................... A134
ty p e s ............................................................. A123
working d raw ings........................... A124-126

H y d ra u lic  e q u ip m e n t ..............................B188
H y d rau lic  h o rs e  p o w e r t a b l e  A101
H Y D RA U LIC  M A C H IN E  T O O L

P O W E R ................................................B81-100
c h a rg in g , p ressure .   .............. .. B100

v a lv e   ..............................................B95
constant d isp lacem ent m o to r................. B81
control va lve ...............................  B87
feed a d ju s tm e n t.   .................................... B94
feeding pressure.........................................B100
h y d ra u lic , c ircu it.......................................B88

circuit, o p e ra tio n . ................................B99
circuit principle o f..................................B91

m ain contro l valves....................................B94
m o to r ,  construction ..................................B82

operation ....................................................B83
n e u tra l ,  position ........................................ B91

valve ............................................................B95
oil m otor......................................................... B81
p ilo t,  lines .....................................................B96

valves.  .....................................................B96
pow er, u n i t .................................................. B90

pum ps..................................   B84
rapid tra v e rs e ..........................................B92
relief v a lv e ................................................ B96
rem ote co n tro l.........................................B89

Hydraulic  Drives— c o n tin u e d H y d ra u l ic  M a c h in o  T o o l  Powor— c o n t.
reversing h o u se ........................................B95
slow feed v a lv e ........................................B96
stop position ............................................. B91
th ird  feed r a t e .......................................B100
" to rq u e  m otors” .....................................B83
variab le  d isp lacem ent m o to r  B81
where u s e d ..................   B81

H y d ra u l ic  m o t o r . . . . , .................................. B81
H Y D R A U L IC  P H Y S IC S ..................... B1-54

alcohol............................................................. B53
anti-freeze so lu tio n s ...................................B53
A .P .I. scale.................................................... B51
B aum e sca le .................................................. B50
con trac tion  j e t s ................  B40
d e n s i t y ,  o f s tea m .......................................B48

o f w a ter...................................................... B49
"D o c to r”  boiler feed pum p, G ra h a m . .B 14
dynam ic h e ad ..................................................B5
dynam ic l i f t ...................................................B10
dynam ic to ta l  co lum n   B19
flow th ro u g h  orifices..................................B40
friction  o f w a ter in  p ip e s .........................B20
head  o r lif t, m e asu rem en t......................... B6
hook gauge.................................................... B33
H .P . hyd rau lic ................  C77
h y d r a u l ic  p u m p , fo r 10,000 lb s . . . .  B28

p a rts  o f .......................................................B29
hydrau lics .........................................................B2
hydrodynam ics...............................................B1
hydrom eter, construction  o f ...................B49
h y d ro s ta tic s .....................................................B1
im pulse an d  reac tio n ..................................B46
l i f t ........................................................   B6

pum p, o p e ra tio n .....................................B12
m axim um  l i f t ................................................B11
m ultip lication  o f p ressu re ........................B27
negative  l i f t    B10, 13
non-con traction  j e t s ...................................&41
parabo la , graphical co n struction  B42
p i t o t  t u b e .................................................... B35

fo rm u la .......................................................B36
m easurem ents.......................................... B35

rad ia to r g lycerine ....................................... B53
reaction  o f j e t ...............................................B45
ridiculous expressions................................B17
specific gravities, ta b le  o f   B51
specific g rav ity ............................................. B47
spheroidal s t a t e ........................................... B54
s ta t ic ,  h e a d .....................  B5

l i f t ...................................................................B7
to ta l co lum n............................................. B18

"suction  h ead ” (? ) .......................................B13
surface p ressu re ........................................... B26
s y p h o n ........................................................... B38

operation  o f.............................................. B39
testing  so lu tion .............................................B54
theore tical l i f t   .............................. B12
th ree  s ta te s .......................................................B2
to ta l ,  co lum n.................................  B17

h ead .......................................   B25



s ta tic  co lu m n  ....................................... B17
v acu u m ...............   B9
various tem pera tu res, lif t........................ B12
V enturi m eter w ater m easu rem en t.. . B36
w a te r ,  expansion o f  BOO *

flow, m easurem ent o f ........................... B30
head and  p ressu re ..................................BOO
m ost rem arkable charac. o f.    B2
n a tu re  of............................................. . . . .  B2
properties o f .......................................B1, 15
w eight o f...................................................... B4

w eir , form ulae............................................. B34
tab le ..........................................  B32

H Y D R A U L IC  P R E S S E S ...............B257-282
basic p rinc ip le ............................................B257
classification...................................... B261-263
colum n flanging.........................................B273
d e f.........................................................   B257
direct press..................................................B263
flanges . .  B270, 279
flanging.........................................................B265
forcing o r b u sh in g ....................................B275
forging...............  B278
gap or open ja w .........................................B281
horizon tal.....................................................B276
inverted  p ress.............................................B265
“ Jac k ” ...........................................................B269
Joseph B ra h m a h .......................................B258
m iscellaneous............................................. B282
m ulti-cy linders................................ B271, 276
opposed.........................................................B278
P asca l’s la w ................................................ B257
P asca l’s s ta tem e n t....................................B258
P la in  p re ss .................................................. B263
ram  form ing ................................................B273
r i v e t e r ......................................................... B279
sectional flanges.........................................B280
side ra il  ........................................... B274
sm all in v e rte d ............................................B267
s team  p la tin g ............................................. B274
uses of hydrau lic  p resses....................... B260

H Y D R A U L IC  R A M S......................A761-784
ba tte rie s  o f ra m s ...................................... A782
blade spring  ty p e ......................................A769
calcula tions................................................. A768
construction ................................................A777
d e f . ............................................................... A761
efficiency ta b le ...........................................A776
electrical an a lo g y ........................... A778, 779
essential p a r ts ............................................A762
flow o f w a ter m easu rem en t..................A772
general hook-up.........................................A761
G raham  im pulse v a lv e ...........................A767
h andy  ta b le ................................................ A774
head and  cap ac ity .................................... A773
how  to  in s ta ll............................................. A775
how to  s t a r t ............................................... A784
how to  s to p .................................................A784
im p u ls e  v a lv e ...........................................A766

requ irem ents.......................................... A766

H y d rau l ic  Phys ics— c o n tin u e d H y d ra u lic  R am s— c o n tin u e d
ind ica to r d ia g ra m ..........................
in s ta lla tion  in s tru c tio n s ...............
in s ta lla tion  n o tes ............................
long d istance in s ta lla tio n ............ ___ A781
m axim um  delivery .........................
o pe ra tion ............................................
po in ts on ............................................
rule, num ber o f gallons................
troub les..............................................
w orking c y c le .. . ............................

H y d ra u lic  r iv e te r  h e a d ................
H Y D R A U L IC S .................................. . B81-108

see sep a ra te  headings

H Y D R A U L IC  S H O C K  A B SO R B E R S
B233-256

after reb o u n d ...................................
ap p ea ran c e .......................................
def........................................................
double a c t in g ........................ B242 , 243, 244
heavy  reb d u n d ..............................
h u n tin g ............................................
im p ac t..............................................
in  cold w e a th e r .............................
ligh t re b o u n d ................................
m a in ten an c e ............... .................... B255, 256
norm al p o sitio n ............................
o pe ra tion .........................................
rebound ............................................
service ....................................... Ö247-253, 255
s in g le  a c t in g .......... ....................

opera tion .....................................
H ydraulic  ta b le s ............................ A717-719
H Y D R A U L IC  T U R B IN E S ___ B283-318

au tom atic  ad ju stab le  b lad e . . . ___ B297
basic d iag ram s..............................
B oulder C anyon d a m ................
def.....................................................
d rau g h t tu b e .................................
fixed blade p ropelle r...................
F ourncyron  tu rb in e ..................... ___ B288
Francis  ru n n e r ..............................
governors......................................... E314-317
h a lf b u c k e t.....................................
h and  ad ju stab le  b lade ................ ___ B296
im p u ls e , d e f.................................

(m isnom er).................................
(so called)...................................

inw ard  flow.....................................
m ix e d , flow ...................................

operation .........................................
ou tw ard  flow ................................... B289, 291
paralle l o r axial flow...................
P e lto n , in s ta lla t io n ...................

wheel b u c k e t.............................
pressure re g u la to r .............. ..
p rope lle r..........................................
re ac tio n ............................................. B284, 307
reactive com ponent.............. ..



Hydraulic  T  u r b in c s — c o n tin u e d
Scotch m ill.................................................. B284
so-called im p u lse .......................................B284
tangential com ponent..............................B286

H y d ro -d y n a m ic s ...........................................A97
H y d ro -p n e u m a tic ,  accum ulato r . . . .  B113

auto  j a c k ..................................................B138A
system ........................................................... B114

H y d ro s ta tic s , b a la n c e ................................A95
d e f . .................................................   A81
paradox...........................................................A94
pressure on  su rface . . .  ....................A81-82

H ydro s te a m  tw o  s ta g e  a i r  p u m p . .A650
H yperbo la , d e f ....................................... C17, 20

equilateral......................................................C16
rectangular axes........................................ . C23

H yperbo lic , cu rves ................................C21, 22
logarithm s, tab le  o f .  ............................... C84

S
I m p a c t, shock a b so rb e r............................B245

wrench.............................  C385
l m p e lle rs . . .  ....................................A121, 136

closed.............................................................A138
en c lo sed ......................................................A123

double in le t ...................   A139
four vane propeller ty p e ........................A138
non-binding................................................ A140
open............................................................. A123
propeller ty p e .............................................A124
sem i-open.................................................... A123
shrouded..................... ................................A122
three vane sem i-open ..............................A137
tw o  va n e , o pen .........................................A137

sem i-open................................................A137
vanes, m ethod  o f lay ing  o u t ...............A115

Im p e rfe c t lu b r i c a t io n ...............................A79
Im p u lse , v a lv e  A763, 766

wet air p u m p ............................................. A533
Im p u lse  tu r b in e ( s )  (m isnom er) B303

(so called)................... ‘................................B302
In b o ard  s u r f a c e  c o n d e n s e r s ............... A583
Inc lined  p l a n e . . . . . . . . ............................. A69

exam ples..................................................A69-70
rules  ...................................   . . A69

In d ic a to r  d ia g r a m ,  r a m s    —  A780
In d u c e d , a ir cooling...................................C150
in d u c ed  d r a u g h t ,  a ir  cooled com 

pressor.  .............. ............. .. C193
cooling tow ers.............................................A698

I n e r t i a ................................................................A48
dynam ic..........................................................A48
s ta tic  ..................................................A48

In h e re n t d e fe c ts  o f g a s  e n g in e .  . . .C360
In it ia l p r e s s u r e .  ..............................  .0 3 0
In je c tio n  w a te r ...........................................A551

action o f .......................................................A551

I n le t ,  flow, a u th o r’s p ra c tic e .................. A431
flow r a t e .......................................................A431
head , hydrau lic  dredges. .  ..................A849
line u n lo ad e r   . .0 2 3 7
p ip e .......................     A431
p ip in g ............................................................A162

In s p e c t io n  o f  c o m p r e s s o r .................... C306
IN S T A L L A T IO N ..............................0269-282

dischrage p ip in g .......................................0276
duplex com pressor....................................C206
in tak e  a ir  te m p e ra tu re .........................   C270
i n ta k e  p ip e ................................................C269

s h ap e .........................................................C275
m oisture, how  a v o id e d ...........................0271
ra m s............................................................... A775
w ith  afte r-coo ler....................................... C220
w ith o u t after-coo ler.................................C219

In s ta l l in g ,  i n s t r u c t i o n s ........................ A783
I n s t r u c t io n s  f o r  v a lv e s ...........................C331
I n ta k e  p ip e ....................................................C271

s h ap e ............................................................. C275
I n te n s i f ie r       ............................. B110
IN T E R  AND A F T E R  C O O L E R S 0209-228

afte r cooler co n stru c tio n ........................C221
a ir m oistu re  c h a r t ....................................C218
def.................................................................. C209
i n s ta l la t io n , w ith  a fte r cooler C220

w ith o u t a fter-cooler............................ C219
inter-cooler con stru c tio n ........................C215
inter-coolers...................................... C214-216
ob jec t o f ..............................................0210-212
pipe line a fte r cooler............................... 0222
rece iv er.........................................................C227
sep a ra to rs ....................................................C224
tw o stage a fte r cooler.............................C223

I n te r n a l  l a t e n t  h e a t ..................................A52
In v e r te d  a c c u m u la to r .............................B104
In w a rd  flo w  t u r b i n e s ..............................B292
I r r e g u la r  b i ts  a n d  s h a n k s ....................C387
I s o th e r m a l ,  com pression ........................... C81

c u rv e ................................................................C24

J
J a c k b i t s .   .................................................... C401

v a rio u s . ...................................................... 0399
J a c k h a m e r ( s ) ............................................... 0375

sh an k s ....................     0373
J e t ,  reaction  o f ..................................   B45

sy ste m s  ..................................................A740
J E T  C O N D E N S E R (S )....................A543-572

a ir  p u m p ....................................................A667
function  of.............................................. A543

b a r o m e tr ic ......................................A565, 567
B arrus on  econom y..............................A550
c lass ifica tion . ................................A553
coun ter flow............................................A569
in jection  w a te r...................................... A551
paralle l flow  ............................... A567



J o t  C o n d e n s e r(s )— c o n tin u e d
power gam  condensing...................... A550
saving due to  condenser....................A546
saving w ith  c u t  off eng ine ............... A548
saving w ith  th ro ttlin g  engine..........A547
v acu u m ....................................................A545
vacuum , def...........................................A546
w hy called .............................................. A552

C lass  1, a p p aren t s av in g  A544, 545
classification .......................................... A549

com bined counter and  parallel flow . A557
c o u a i e r  f lo w .................................. A554, 555

b aro m e tric ....................................A566, 571
d irec t connected p u m p ...........................A639
disc flow .......................................................A571
e jec to r...........................................................A570
eq u ipm en t................................................... A616
forced in je c tio n .........................................A564
high leve l.....................................................A565
injection  w ater, tw o  so u rces ................A564
lo w  le v e l , com b, coun ter a n d  parallel

flow .......................................................A560
condensers.............. , ..............................A552
co n stru c tio n ...........................................A560

paralle l and  counter flow, com p A556
parallel flow .............A554, 558, 566
p um p  an d  connec tions........................... A637
s ta r t in g .........................................................A636
ta il p ipe ........................................................ A567
vacuum  b reak ers ...................................... A559

J e t  e x h a u s t  c o n d e n s e r ,  a rran g em en t A645
stan d a rd  a rran g em en t............................ A642
s ta r t in g .........................................................A641

J o u le ’s e x p e r im e n t  A73, C69

K
Keel c o n d e n s e r s ............................... A576, 635

construction  d e ta ils ..................................A579
engine d riven  p u m p .................................A635
independen t p u m p ................................... A636
low level a ir  p u m p ................................... A581
precau tions..................................................A635

K in e tic  e n e r g y ............................A71, C70, 75
K n o t .................................................................... A46

L
L a d d e r, h y d ra u l ic  d r e d g e s .................. A853
L a n d in g  g e a r  s t r u t ,  a ir p la n e ..............B213
L a rg e  c o n d e n s e r .........................................A610
L a te n t  h e a t ..................................................... A52

ex terna l........................................................... A52
in te rn a l........................................................... A52

L aw s, o f f r ic tio n ....................   A79
of m otion , N ew ton ’s ..................................A46

L ever....................................................................A65
exam ple...............................   A66

ru le ................................................................... A66
various orders o f .........................................A66

L if t ,  a c tu a l...............   A98
dynam ic  A97, B10
how m easured ............................................A432
m ax im um .......................................................B11
negative .............................................   B10
p ra c tic a l....................................................... A430
p u m p s ...........................................................A258
s ta t ic .......................................................A86, B7
tem pera tu re  t a b le .......................................A99
theo re tical..................................   A98, B12
vacuum  to  fee t .......................  A201

L ig h t re b o u n d  s h o c k  a b s o r b e r  B238
L in e a r , advance ...........................................C186

expansion .......................................................A75
expansion, ta b le ...........................................A76
m otion ............................................................. A42

L ino  d is c o n n e c t ,  a ir  p lane  c o n tro l.. .  B178 
L oad d ia g ra m ,  h y d ra u l ic  p l a n t . . . .  B118
L o c a tio n  o f c o m p re s s o r  v a lv e s  C280
L ocked  c i r c u i t  v a lv e ................................... B94
L ong  s tro k e  d r i l l s  C383, 400
L oss o f w a te r ,  c o o lin g  to w e r ...............A696
L o s t m o tio n  m e c h a n is m , inside

a d ju stab le ...........................  A337
inside fixed..................................................A336
outside ad ju s tab le ....................................A339
outside fixed................................................A341

L o u v re  f e n c e ................................................ A686
Low level j o t  c o n d e n s e r .........................A615

co n stru c tio n  ......................................A560
Low level, p a ra lle l  flow  j e t  c o n d e n s e r

A558
Low p re s s u re ,  com pressor...................... C134

u n lo ad er.......................................................C250
L U B R IC A T IO N ..................................C283-296

centrifugal o i le r ........................................ C291
crank  disc sy s te m ............................... ' . .  C288
for a ir cy linders .........................................C295
force feed sy stem s....................................C290
im perfec t........................................................A79
new com pressor........................................ C296
oil, how  m uch re q u ire d ..........................C288
ring  c rank  p in  o ile r..................................C291
splash  s y s te m .  ......................................C293

L u b r ic a to r ,  fo rc e  feed  c y l i n d e r . . .  .C294

Lever— c o n tin u e d

M
M a in , bearing  com pressor, a d ju s tm en t C309

contro l valves............................................... B94
M AI N T E N A N C E ............................... A305-346

ad ju stin g ......................................................C308
care ................................................................ C307
channel va lv e s  ..................................C331
channel valve seats, refacing............... C335
c le a n in g ......................................................C306



M ain ten an ce — c o n t in u e d  \
every 100 h o u rs .................................... C306
every 500 h o u rs .................................... C306
valves......................• ...............................C330
w ater ja c k e ts .........................................C346

cold w eather p recau tio n s . . ..................C345
compressor cy linders............................... C327
c o n n e c tin g  r o d , a d ju stin g  o f C315
crank pin bo x .............................................C316
cross h e a d , a d ju s tm e n t  C312, 314

d e ta il.........................................................C313
cylinder passages, c lean ing ................... C344
def........................................! ........................C305
free a ir u n lo ad e r ............................. C334, 336
gibs.................................................................C313
inspection.................................................... C306
m a in  b e a r in g ...........................................C308

ad ju stm en t o f........................................ C309
large.......................................................... C311
roller ty p e ............................................... C310

metallic stuffing b o x ............................... C322
oil seal rin g s ................................................C325
partition  p la te ........................................... C321
p is to n , a d ju s tm en t..................................C318

rings, po in ts o n .....................................C326
Rogler va lves ............................................. C340
stuffing bo x ................................................. C320
tools, accum ula to r.................................... B205
type: K  va lves.............................................C342
valve, in s tru c tio n .................................... C331

rem o v a l.. . . ...........................................C329
valves, rep lacem en t................................. C333
w hat i t  c o v e r s . .........................................C305
wiper rin g s .................................................. C319
wrist p in  b earin g ...................................... C316
type Y  v a lv e .............................................. C337
Y valve rep lacem en t............................... C339

M an ifo ld , r e t u r n ....................................... B177
M arine  h y d ra u l ic  re v e rs e ........................B80
M aste r c y lin d o r ,  b rake  system . .B 184 , 185

hydraulic b rak es ..............................B215-226
M ax im u m  l i f t ................................................ B11
M ean e ffe c tiv e  p r e s s u r e ..................C90-102

by  calcu lus .................................................... C91
M e a s u re m e n t ,  b y  w eirs............................. B31

of w ater flow ..........................  B30
M ec h a n ic a l, b a lan c in g ............................. A129

efficiency A450, C 119
equivalent o f h e a t .........................  C69
pow ers A64, 55

M ed iu m  p re s s u re  c o m p re s s o r .  . . .  .0 1 3 4
M elting  p o in ts  o f  s o lid s ...........................A58
M .o.p. a n d  h .p .  t a b l e .  ...........C107
M ercu ria l b a r o m e te r .......................... . ,C 8
M e ta c e n te r .........................    A93
M eta llic  r in g s ...............................................C322
M eyer, rid ing  c u t off va lve ......................C155

valve , p iston  ty p e ....................................C158
o p era tio n .......................................C156, 157

M ilo ...................................................................... A46
nau tical, o r k n o t ......................................... A46
s ta tu te ............................................................. A46

M isc e lla n e o u s  h y d r a u l ic  p re s s e s . .  . B282
M ixed f lo w .....................................................A125

tu rb in es .........................................................B299
M o m e n ts ,  p r in c ip le  o f ............................. A65
M o m e n t u m .................................................... A47
M o r in 's  la w s  o f f r i c t i o n ...........................£.79
M o tio n ................................................................A40

a c tu a l ............................................................... A42
a p p a re n t.........................................................A42
c o n s ta n t........................................ ^ .............. A44
d e f . ................................................................... A41
lin ea r................................................................A42
oscilla ting .......................................................A43
rec ip rocating .................................................A43
ro ta ry ...............................................................A42
ta n g e n tia l.......................................................A43
variab le ........................................................... A44
v a ry in g ........................................................... A45

M u lt i ,  a ir v a lv e ............................................A530
cylinders, hyd rau lic  presses..................B276
pass condenser........................................... A607
s ta g e , b low er C349, 358

com pression, a d v a n ta g e s ..................C J22
com pression, s av in g ..................C121, 124
p u m p s .......................................................A120

v a n e ,  d rill....................................................C384
grinder...................................................... C382

M u lt ip l ic a t io n  of p r e s s u r e ..................... B27

M
n

n ......................................................... C44
value com m only  ta k e n ............................. C44

N a tu r a l  b a l a n c in g .................................... A127
N a tu ra l  d r a u g h t ,  cooling to w e r...........A700

cooling tow er, in h e ren t d e fe c t.............A696
N a tu r a l  p o n d s ............................................. A677
N e g a tiv e , l i f t . .................................................. B10

slip .................................................................. A442
N e u tra l ,  p o s itio n ................................   B81

v a lv e .................................................................B95
Now c o m p re s s o r ,  lu b r i c a t i n g ............C296
N e w to n ’s law s o f m o t io n ........................ A4*
N o n - c o n tr a c t io n  J e t s .................................B4
N o n -d lr e c te d  flo w , n a t u r a l  p o n d s . . A677
N o rm a l,  a ir ......................................................... C2

position , shock ab so rb er.........................B238

0
O ff- s e t ,  p in ........................................

valve, p n eum atic  ham m er 
O il, c irculation , hyd rau lic  drives

for a ir cy linders ............................
for d ril ls ...........................................

C181 
C405 
. B6P

C394



O il— c o n tin u e d
lines, approx im ate  horse pow er. . A 844-K
pow er m o to r . ..............................................B81
pum p , norm al cap ac ity ..........................C295
s e a lin g  r in g s .............................................C324

in s ta lla t io n ............................................. C325
w iper rings..........................................C320, 321

O n e , a n d  tw o  pipe j e t  system s...............A743
cylinder a ir  cooled com pressor C192
foo t pou n d .....................................................A59
pass condenser........................................... A598

O N E  P O IN T  F O R T Y  O N E ......................C44
O p e n  n a tu r a l  d r a u g h t ,  co o lin g

to w e r ............................................................ A696
O P E R A T IO N .......................................C297-304

b e lt d riven  com pressors.........................C303
centrifugal p u m p ...................................... A112
deep well ad ju s tm en ts .............................. A19
electric cu rren t consum ption............... A197
insufficient c ap ac ity .................................A180
la te ra l end m ovem ents...........................A185
locating tro u b les .......................................A180
loses w a te r ..................................................A180
m aintenance a n d  re p a ir .........................A184
operation ......................................................A166
overheating .................................................A179
overloads d riv e r........................................ A182
pipe friction ta b le s ........................ A195, 196
poin ters   ...........................................A183
practical s ta tic  l i f t ................................... A156
prelim inary  p rocedure ............................C297
regulating  cooling w a ter........................ C299
shock ab so rb ers .........................................B235
s ta r tin g  A171, C298
steam  driven  com pressors..................... C303
s topp ing....................................................... A177
suggestions..................................................C302
to ta l load .....................................................A194
trouble  ifs ....................................................A184
troub les..................................  A178
vacuum  ta n k  prim ing ............................. A173
v ib ra tio n .............................................A179, 182
w orking o f .     ....................................... A109

O rd in a ry  d u g  w e lls .................................. A711
O rif ic e .............................................................. B159

check valve, hydraulic  c o n tro l  B160
flow th ro u g h ..................................................B40

O s c il la t in g , force p u m p ...........................A714
m o tio n ................................................... A43, 213

O u tw a rd  flo w  t u r b i n e ............................ B289
O v e ra ll,  efficiency........................................C119

hydraulic con tro l...................................... B206
O v e rh e a tin g  c e n t r 'iu g a l  p u m p s .  . .A179

P
P a c k in g ...........................................................A375

a ir .............' . ...................................................A375
am m onia ...................................................... A375

P ac k i n g— co n  t in u e d
ap p ly in g .......................................................A379
asbestos.........................................................A382
can v as...........................................................A381
diagonal........................................................A385
expansion.....................................................A382
fiber................ A384
for m ovable p a r ts .....................................A377
graph ite  ap p lic a tio n ................................A381
h em p ............................................................. A381
m eta llic .........................................................A382
m o is tu re .......................................................A380
M oncky w rench........................................ A378
o i l . . ............................................................... A375
p a p e r ............................................................. A381
piston .............................................................A377
ru b b e r ........................................................... A382
s ta tio n a ry  p a r ts .........................................A376
tools............................................................... A376

P a ra d o x , h y d r o s ta t i c ................................. A94
P a ra lle l  flo w , baro m etric  co n d en se r.. A566

condenser.....................................................A553
tu rb in es .........................................................B294

P a ra l le lo g ra m  o f f o r c e ..............................A39
P a r t i a l  p i t c h .................................................A207
P e d a l ad  j u s tm e n t ,  hyd rau lic  b rakes . B226
P o lto n  w h e e l, b u c k e t................................ B309

tu rb in e  in s ta lla t io n ..................................B312
P e r f o rm a n c e  c u rv e s ,  blow ers............... C357
P H Y S IC S ....................................................A21-80

def.....................................................................A21
hydraulic  d rives...........................................B58
pressure...........................................................A21

see sepa ra te  headings
P ilo t ,  lines.........................................................B96

v a lves ............................................  B96
P ip e , in le t ....................................................... A431

line a fte r cooler..........................................C222
P ip in g , com pressor d ischarge................. C276

for cooling sy stem ....................................C278
la y o u t............................................................C398
to  condenser................................................A515

P is to n ( s ) .  . .  ..................................A257, C169
a d ju stm en t.........................................   .C318
and  rings...................................................... C326
elev a to rs ...................................................... A134
h ydrau lic  e le v a to rs ..................................A123
ro d s ................................................................A295
selector v a lv e ............................................. B167
spallcd...........................................................C389
speed ............................................................. A438
sp e e d s ,  for p u m p s ..................................A440

for pum ps, ta b les ................................. A441
tw o stage ...............................  C195
various.................. ............. ........................ C171

P i t o t  t u b e .........................................................B35
fo rm u la ........................................................... B36

P la c e m e n t  o f a i r  p u m p .........................A511
P la te  va lv e s ................................................... C162
P lu n g e r ........................................................... A257

elevator c o n stru c tio n ..............................A127



P lu n g e r— c o n  t in  u e d
e leva to r(s ), m echan ism .........................A129

operation ..................................................A125
reversing ..................................................A126
sectional view ........................................ A128
s ta r t in g  ..........................................A126
s to p p in g ...................................................A126

hydraulic e lev a to rs .................................. A123
pum p, single ac tio n ..................................A262

P n eu m a tic , hydrau lic  au to  lif t............. B136
pressures, acc u m u la to r........................... B111
system , e lem en tary  d ia g ra m ................A746

P N E U M A T IC  H A N D  T O O L S . .C369-406
air delivery lin e s ....................................... C397
air pip ing  la y o u t.......................................C398
Calyx core d r i l l ......................................... C377

.classification................................................C369
d r i f te r , d r i l l ..............................................C379

drill s tee ls ................................... C388, 396
sh an k .........................................................C374

flapper valve h am m er.............................C404
grinding p is to n s .........................................C406
im pact w ren ch  C383, 385
Jackb its  c h a r t ............................................C401
J a c k h a m e r ( s ) .........................................C375

drills.......................................................... C372
sh an k s .......................................................C374

long s troke  d r i l l .......................................C400
m u lt i - v a n e , d r i l l .................................... C384

grinder......................................................C383
offset valve h a m m e r............................... C405
oils for d rills................................................C394
points on  b i t  s izes .................................... C202
riveting  h am m er C392, 393
r o c k  d r il l( s ) .............................................. C371

m ounting ................................................. C378
saw..........................................  C391
spalled p is to n ............................................. C389
squaring  up  shank  e n d s .........................C405
stoper d r i l l .................................................. C376
subm arine d rills .........................................C382
various ja c k  b i t s .......................................C399
w a g o n , d rills ..............................................C377

Jac k h a m e r..............................................C380
wood b o re r ..................................................C396

P o in ts , on b i t  sizes......................................C402
on drilling .................................................... C386
re la ting  to  h o se ......................................... C399

P olish ed  su r fa c e , n a tu r e  o f ..................A77
Port o p e n in g ...................................... A444, 445
P ositive  d is p la c e m e n t  b low er  C347
P o ten tia l e n e r g y ..........................C70, 71, 74
P o w e r................  C73

def.  ............................   A59
PO W ER  P U M P S ...............................A469-502

a n g u la r i ty ,  d is to rtio n s .........................A480
of connecting  ro d s ............................... A480

au tho r's  design for C ity  W ater W orks
A498

characteris tic .   ...........   A469, 479
classification A471 -474

P ow er P u m p s — c o n t in u e d
crank  end  co n struction ...........................A494
def...................................................................A469
d o u b le  a c t in g .......................................... A476

sim plex ...........................................A483, 485
d u p le x ..........................................................A476

double a c tin g  A487, 488
enclosed c ran k  case ..................................A500
h a r m o n ic ,  flow cu rv e s ......................... A481

m otion ...................................................... A479
hydrau lic  c on tro l.......................................B142
in tak e  p ip e ..................................................A470
lis t o f p a r ts ..................................................A496
m u lti V be lt d r iv e ....................................A499
pa rtia l filling...............................................A471
pipes...................   A475
p la te  co n stru c tio n ....................................A493
s in g le  a c t in g , d u p le x ...........................A486

sim plex..................................................... A482
s in g le ,  cy linder.........................................A476

side v a lv e s .............................................. A492
sp eed ............................................................. A479
transm ission ................................................A497
t r ip le x ................................................. A476-478

single a c tin g  A490, 491
ty p e s .....................................................A475-496
w a te r  e n d ..................................................A491

co n stru c tio n ...........................................A495
w ater flow........................................... . A475

P o w er u n i t .......................................................^90
P ra c t ic a l  l i f t .................................................A429
P re d ic te d  d i a g r a m ................................C52-58
P r e l im in a r y  p ro c e d u re  c o m p re s s o rs

C297
P r e s s u r e ......................................   A2^

an d  h ead ....................................   A84
m a c h in i s t s ' , h a m m e r..............................A23

e x am p le ....................................................
m anifold, hyd rau lic  c o n tro l..................B147
m ultip lication  o f ......................................... ^27
n a tu re  of.........................................................A22
operation , fire p u m p .............................A844SA?'}  ....................
p um p  exam ple ............................................
w eight and  g rav ity  scales........................ A33

P re s s u re  r e g u la to r .................................... B154
fire p u m p ..................................................A844T

P re s s u re  v o lu m e , c h a r t, blow ers C355, 356
fire p u m p ..................................................A844R

P r im in g ,  cen trifugal p u m p s . . . . A167, 176
fire p u m p ..................................................A844P

P r in c ip le  o f, b low er o p era tio n .............. C347
m o m en ts .........................................................A"

P ro p e lle r ,  tu rb in es ......................................B295
ty p e  im pe lle r................................................... 24

P r o p e r t ie s ,  o f c ircles..................................A453
o f th e  w in d ..................................................A732
of w a ter.........................................................

P u l l e y . . . ...........................................................A67
elem entary  com bina tions ........................ A68

P u m p ( s ) ,  design .............................................A18



P u m p (s )— c o n t in u e d
duplex sy stem ............................................A327
for w et condensers................................... A587
handling  h o t liqu ids................... ............A165
lost m otion  m echanism .......................... A336
pipe sizes......................................................A433
p iston  rods, ty p e s .................................... A296
sp lit cross h ead ..........................................A297
steam  p is to n ............................................... A294
v a lv c ( s ) . . . ............................................... A297

c o n stru c tio n ...........................................A300
gear, lost m o tio n ..................................A416

PV  «  Pi V i.........................................................C25
P y r o m e te r ...............   A51

R
R ad ia l f lo w  d u a l  b a n k

c o n d e n s e r .........................................A606, 612
R a d ia t io n .........................................................A55
R a d ia to r  g ly c e r in e ...................................... B53
R a in fa ll s y s te m ..........................................A707
R am , capac ity  ta b le ................................... A772

delivery ta b le .............................................A771
forming, hydraulic  presses....................B273
insta llation , long d is tance .....................A781
ta b le .............................................................. A773
w ith  b lade sp ring ......................................A769

R an g e  o f d e s ig n  v a c u u m s ....................A661
R ap id  t r a v e r s e ...............................................B92
R e a c t io n .........................................................B307

o f j e t ................................................................B45
tu rb in es ........................................................ B284

R ea c tiv e  c o m p o n e n t ............................... B311
R eb o u n d  s h o c k  a b s o r b e r ...................... B246
R ece iv e r.......................................................... C227

drain ing  o f ..................................................C281
R e c ip ro c a tin g , com pressor.....................C133

m otion .............................................................A43
R e c ip ro c a tin g  p u m p s ,  a c t in g  force. A264

double a c tin g ...................... ; ................A308
m ulti-cy linder........................................A309
m ulti v a lv e .............................................A312

b u ck et an d  p o t v a lv e .............................A312
circular m otion ..........................................A256
classification.................................A258, A307
com pound and  trip le  expansion  A313
cylinder co n stru c tio n ..............................A279
direc t co n n ec ted .  ..................................A314
“ D octor” boiler feed...............................A316
d o u b le  a c tin g ,  inside packed

plunger.....................................................A271
outside packed  p lunger......................A273
piston ..................................... I ................A268
p lu n g e r.................................................... A268

d o u b le  d e c k , double p la te  p is to n . . . A283
plate ty p e ............................................... A280
tu rre t  ty p e ............................................. A290

R ec ip ro ca t in g  p u m p s — c o n tin u e d
d u p le x .......................................................... A315

and  trip lex ..............................................A315
tu rre t  ty p e ..............................................A293

fly wheel an d  gear....................................A314
force.......................................... ....................A262
h orizon tal an d  v e rtic a l...........................A310
in s id e ,  a n d  outside cen ter packed . .A311

packed p lunger..................................... A288
l i f t ,  an d  force single a c tin g ..................A308

p u m p s................................ A258, 271, 288
m ain tenance............................................... A372
o u ts id e , cen ter packed p o t v a lv e . . .  A291

end p acked .............................................A311
end  packed p o t v a lv e .........................A291

pack in g ........................................................ A287
p is to n ,  p lunger d if ..................................A257

ro d s ........................................................... A295
p lu n g e r ............................................. '. . .  .A263

and  p is ton ...............................................A310
p o t va lve......................................................A286
reciprocating, def......................................A255
repairs ...........................................................A387
self prim ing .................................................A272
sim ple .......................... . ...............................A313
s im p le x ....................................................... A315

and  duplex va lve ..................................A312
double deck p la te  ty p e ......................A284
system ......................................................A317
valve g ears ............................................. A318

s in g le  d e ck ,  p la te  ty p e ........................ A281
tu rr e t  ty p e ............................................. A289

trip lex .............................................. A315
‘ w ater e n d ...........................   A291

w ater end, c lassification........................ A277
R E C IP R O C A T IN G  P U M P S :

C A L C U L A T IO N S .........................A429-456
c ap a c ity .............................................A442, 443
cross head d riv e .........................................A447
cylinder size, w ater e n d . . . . . . . . . . . .  A446
discharge p ipe............................................ A433
d isp lacem en t....................................A436, 439
d u ty ............................................................... A455
eccentric d r iv e ...........................................A447
e f f ic ie n c y , k inds o f ................................A448

of pum ps................................................. A448
geared d r iv e ............................................... A448
h ead ............................................................... A435
h o r se  p o w er ,  ta b le ................................. A454

w ater e n d ......................  A450
in le t ,  flow.............................................  A431

p ip e ...........................................................A431
lift, how  m easured   ....................A433
m echanical efficiency...............................A450
negative slip ............................................... A442
perm issible lif ts .........................................A430
piston spced(s)................................ A438, 440
p o rt opening...............................................A445
practical l i f t ............................................... A429
properties o f circles..................................A453
pum p  pipe sizes.........................  A433



Reciproca t ing  P u m p s :  C a l c u l a t i o n s  co n .
slip..................................................................A441
steam  cy lin d e r...........................................A452
therm al efficiency..................................... A449
Torricelli.......................................................A429
to ta l s ta tic  c o lu m n .................................. A434
valves, sp ring  p re ssu re ...........................A446
volum etric efficiency........................... . .  A449

R E C IP R O C A T IN G  P U M P S :
O P E R A T IO N ..................................A353-396
before s ta r t in g ...........................................A370
concrete fo u n d a tio n . ...........................A356
discharge a ir cham ber.............................A362
fo u n d a t io n ....................   A356

te m p la te .................................................. A354
in le t , a ir c h a m b e r .. ................................A362

piping..........................  A358
location .........................................................A353
m a in te n a n c e ,  a ir p ack in g s ................A375

applying pack ing ..................................A379
am m onia pack ing.................................A375
•asbestos pack ing...................................A382
canvas pack ing ......................................A381
diagonal p ack in g ..................................A385
expansion p a c k in g .     . A382
fiber pack ing .......................................... A384
graph ite ....................................................A381
hem p pack ing........................................ A381
m etallic pack ing ................................... A382
m oisture pack ing ..................................A380
M oncky w rench p a ck in g .................. A378
negative lift o pe ra tion ........................A374
oil pack in g ..............................................A375
packings fo r m ovable p a r ts  A377
packings fo r s ta t io n a ry  p a r ts  A376
packing to o ls ......................................... A376
paper pack ing ........................................ A381
racing o f p u m p ......................................A373
rubber pack ing ......................................A382
stuffing boxes.........................................A374
various p iston  p ack ings . . . . . . . . .  A377

N avy  in s tru c tio n s .................................... A365
piping accessories......................................A363
placing p u m p ............................................. A357
power p u m p s   ................................A367
prim ing p ipe ............................................... A360
pum p fails to  s t a r t .........................A371, 372
repa irs, b ab b ittin g ........................A394, 396

calipering cy lin d e r.  .........................A392
centering p is to n ..........................A391, 392
dis-asscm bling.......................................A387
pull ro d ....................................................A390
rem oving c ran k  s h a f t .........................A390
rem oving cylinder h ead s ................... A387
rem oving cylinder l in e r .     ...........A388
starting  ob stin a te  n u t ........................ A396
strong b a ck .............................................A389
tightening  cylinder h e ad   A395
tram  m easu rem en t.....................   A393
using feeler............................................. A393

s tar tin g  .......................................  A366

R e c ip ro ca t in g  P u m p s :  O p e r a t io n —con.
steam  p ip ing ...............................................A363
vacuum  cham ber loca tion .....................A361

R E C IP R O C A T IN G  P U M P S :
P R IN C IP L E S ............................. A255-276

sec separa te  headings 
R E C IP R O C A T IN G  P U M P S :

ST EA M  END C O N .................A307-352
see separa te  headings 

R E C IP R O C A T IN G  P U M P S ,
VALVE S E T T IN G ....................... A397-428
afte r ad ju stm en ts ..................................... A400
auxiliary  an d  m ain  v a lv e s .................... A398
B  and  D  g ea rs ..........................................A418
Class 1.......................................................... A398
Class 2 ..........................   A402
com pound dup lex ..................................... A425
cushioning valves......................................A426
def...................................................................A397
d u p le x , p u m p ............................................ A405

special in s tru c tio n s ..............................A421
case 1........................................................ A421
case 2.................. A423
case 3 ........................................................ A423
case 4 ........................................................ A424

locating  cross h ead  cen ters................... A407
R a a b e ,  duplex  in s tru c tio n s ..................A410

te m p la te ................................... ............. A415
sh o rt rules, d up lex ................................... A417

R E C IP R O C A T IN G  P U M P S :
W A T E R  END C O N ................ A277-306

see sep a ra te  headings
R e - e v a p o ra t io n ............................................. A17

.re lie f v a lv e    C263, 265
pip ing  arran g em en t.............................C264

rem ote  s ta r tin g  con tro l.......................... C258
s a fe ty ,  devices...........................................C266

s to p  va lve ................................................C265
th ree  s tep  reg u la to r................................. C256
th ro ttlin g  go v ern o r..................................C231
u n lo a d e r{s ),  free a i r ..............................C241

operations................................................C236
va ria b le , c learance re g u la tio n .. C249, 253

c u t off governor.................................... C231
R e g u la t in g  c o m p re s s o r  c o o lin g

w a te r ............................................................ C299
R E G U L A T IN G  D E V IC E S ........... C229-268

ad ju stab le  com pression m ethod  . . . .  C252
au to m atic  c learance v a lv e ....................C260
au tom atic  s ta r t  a n d  s to p  c o n tro l. . . C234
auxiliary  va lve .................................. C244, 245
auxiliary  valve, a d ju s tm en t o f  C247
by-pass sy stem ...........................................C262
classification................................................C229
clearance pockets ......................................C261
co n stan t speed  governor c o n tro l . . . .  C230
dual co n tro l................................................C234
free a ir un loaders.............................C235, 238
governor m echanism ............................... C233
in le t line un lo ad er....................................C237
low pressure un loader............................. C250



R eg u la tin g  Devices— c o n t in u e d  
piping a rrangem ent, co n stan t speed

reg  .,.............................................C246
R e g u la tio n , v a r ia b le  c le a r a n c e .  . . .C249
R e g u la to r ,  d iag ram s..................................C257

five s te p ....................................................... C255
piping arrangem en t................................. C248
th ree  s te p ................................  C256

R e la tiv e  h u m id i ty ........................................ C3
how m easured ................................................ C3
ta b le ...................................................................C4

R elief v a lv e (s)........................B156, C262, 265
pip ing  a rrangem en t................................. C264

R e m o te , hydrau lic  co n tro l.........................B89
s tar tin g  c o n tro l.........................................C258

R em o v al p u m p ...........................................A614
R em o v in g  w h e e l c y lin d e rs ,

h y d ra u l ic  b ra k e s ................................... B227
R ep la c in g  c o m p re s s o r  v a lv e ............... C333
R ese rv o ir, hydraulic  con tro l................... B140
R e s u l t a n t ........................................................ A38

th ru s t, hydraulic  d riv e s ........................... B65
R e tu r n ,  m anifold................................B177, 178

valve, hydraulic  b rak es ..........................B218
R evers ing  v a lv e ............................................. B95
R evolv ing  c u t t e r ,  h y d ra u l ic  d re d g e  A851 
R id in g  c u t  o ff  valve o p e ra t io n .C 1 5 6 ,157
R ig h t a n g le  g e a r  d r iv e ...........................A154
R in g (s), disc va lv e s ....................................C163

oil seal...........................................................C325
R ing  w e ig h t  a c c u m u la to r .................... B105
R iv e te r , h y d ra u l ic  p re s s ........................ B279
R iv e tin g  h a m m e r ............................ C392, 393
R ock  d r i l l ( s ) ................................................. C371

m o u n tin g ....................................................C378
R o g le r v a lv e s .......................................C340-344
R o ta ry , a ir p u m p ........................................ A540

blow er...........................................................C347
com pressor..................................................C133
h an d  p u m p ................................................. A715
m otion .............................................................A42

R O TA R Y  P U M P S ........................... A203-254
a lignm ent.................................................... A230
blade ty p e ................................................... A215
b u ck et ty p e ................................................ A219
by-pass relief v a lv e ................................. A217
checking a lig n m en t................................. A231
classification....................   A204
direction o f  r o ta tio n ............................... A236
efficiency curves........................................A238
ex te rn a l g e a r ...........................................A204

opera tion .................................................A205
foundation ...............................  A229
helical g ear..................................................A208
hydraulic  pressure ty p e .........................A216
in s ta lla tio n ................................................. A230
in terna l gear......................................A207, 226
ja ck e t pip ing.............................................. A235
loca tion ........................................................ A229
p artia l p itc h ............................................... A207
piping ............................................................A234

R o ta ry  P u m p s — c o n t in u e d
p rim in g ....................................................... A235
ro ta ting-recip roca ting ............................A210
spur gear.....................................................A205
s ta r tin g  and  o p e ra tin g .......................... A239
stuffing boxes............................................A235
t r o u b le s ..................................................... A240

in te rm itten t delivery ......................... A244
in te rm itte n t o p e ra tio n ......................A244
no  liquid delivered..............................A241
noisy o pe ra tion .................................... A245
n o t enough liq u id ................................A241
rap id  w ear..............................................A245
too  m uch pow er...................................A245

R o ta t in g - ro c ip ro c a t in g ,  blade
p u m p s .......................................................... A210
b ucket pu m p s............................................A212
ro ta ry  pum ps, o p e ra tio n .......................A211

R o ta t io n ,  c o m p re s s o r ............................C282
R o to r  s e le c to r  v a lv e ................................ B168

cycle............................................................. B175
forw ard s tro k e ..........................................B169
re tu rn  s tro k e ............................................. B170

S
S a fe ty ,  s to p  valve.................   C265

valve, com pressor.....................................C281
S c a le , B a u m e ................................................. B50
S co o p  c o n d e n s e r s ...................................... A582
S c o tc h  m i l l ....................................................B284
S e c tio n a l f la n g e s ,  hydraulic

p re s s ................................................... B279, 280
S e le c to r  va lve , forw ard s troke  ’ ............B165

hydraulic con tro l.......................................B164
p is ton ......................................................... . B167
p o p p e t..........................................................B1 69
re tu rn  s tro k e .  ....................................... B166
ro to r ty p e .................................................... B168
ty p e  F ................................................ B192, 193
ty p e  K ...........................................................B190
ty p e  M .............................................. B191, 192

S elf p r im in g  p u m p ( s ) .............................A272
siphon p u m p ...............................................A276

S e m i- d u a l  b a n k  c o n d e n s e r ..................A604
S e n s ib le  h e a t ..................................................A49
S e p a r a to r s ....................... ..................C224, 226
S h a llo w  w ell I n s ta l l a t io n ......................A756
S h a n k (s ) ,  ends, pneum atic  d rills  C405

for d rifte r d ril ls .............................. ' . . . .  C374
for Jackham m er d rills .............................C373

S h o c k  a b s o rb e r ( s ) ,  double a c tin g . . . B242
m ain tenance ................................  C245
serv ice ...........................................   B247-256

S h o c k  a b s o rb in g  s t r u t s ,  a i r  p la n e ..  B212
S h u t t i n g  d o w n , fire  p u m p  A844V

deep well......................................................A810
S id e  ra i l ,  h y d ra u l ic  p re s se s .................A274



Sido w a lk  ty p o  h y d r a u l i c  e l e v a t o r . . A134
S im plex  p u m p ,  d o u b le  a c t in g  A485

piston........................................................A474
gears.............................................................. A324
horizontal.................................................... A340
piston v a lv e ................................................A325
reciprocating............................................. .'A315
s in g le  a c t in g ............................................A482

power........................................................ A474
valve gears, com bined auxiliary

v a lv e .........................................................A322
separate  aux iliary  v a lv e ....................A319

S ing le  a c t in g ,  absorber o p e ra tio n . . . B239
bucket pum p, s ta r tin g  cy c le ................A266
compressors  ............................ .. .. C189
duplex p u m p ...............................................A486
pum p, s ta r tin g  cycle............................... A259

working cycle...............................A261, 267
shock absorber..................... . ................... B233
simplex p u m p .............................................A482
spray p o n d ..................................................A681
triplex p u m p .............................................. A491

S ing le  a n d  m u l t i - s t a g e  p u m p s .  . . .  A147
S in g le  s ta g e  blow er....................................C349

com pression................................................ C131
dry  a ir p u m p s............................................ A528
p u m p s...........................................................A118

S in g le  t u b e  c o n d e n s e r s ..........................A584
S la m m in g  o f la rg e  v a lv e s ..................... A299
S lide  valve, p l a in .......................................C187
S lip .................................................................... A441

analogy of.......................................................B70
efficiency.......................................................C120
hydraulic d rives...........................................B70

Slow feed  v a lv e ..............................................B96
S o-called  s y p h o n  p u m p ........................ A723
S o-called  v a c u u m  p u m p s .................... A503
Solid c ro ss  h e a d .........................................A293
S o lu t lo n (s ) ,  an ti-freeze............................... B53

testing ....................................................   B54
S pallcd  p i s to n ............................................. C389
SPEC IA L S E R V IC E  PU M PS.A 785-884L

bilge............................................................... A829
boiler feed ....................................................A790
centrifugal fire p u m p ............................... A819
chem ical....................................................... A821
con tracto r’s differential..........................A818
d ia p h r a g m ................................................A826

closed........................................................ A826
cycle.......................................................... A827
open...........................................................A828

“ D octor” boiler feed ............................... A794
d ry  p i t , c o n stru c tio n ............................. A806

in sta lla tio n ............................................. A803
d u p le x , boiler fe e d ..................................A794

outside end  packed p lu n g e r .. . . . .  A835
g a so lin e , m easuring............................... A837

recording.........................  A837

Specia l  Serv ice  P u m p s — c o n tin u e d
glass............................................................... A824
h o t  o i l .........................................................A830

power p u m p ........................................... A836
h y d r a u l ic ................................................... A796

'l is t o f p a rts .............................................A797
p u m p s ...................................................... A798

in jecto rs........................................................A795
lead a c id ...................................................... A822
long s tro k e .................................................. A815
lo w , packing ...............................................A789

s e r v ic e .................................................... A787
m a g m a ........................................................A801

cycle.......................................................... A804
paper in d u s try ...........................................A805
paper stock  im pellers ..............................A807
p o t va lve......................................................A792
propeller im peller......................................A814
pum ping engines, so-called................... A814
rubber lin e d ..................  A823
selection c h a r t ...........................................A791
sewage pum ps............................................A799
shallow w ell................................................A810
s im p le x ,  long s tro k e ...............................A815

m agm a..................................................... A802
sinking.......................................................... A816
six stage cen t, boiler feed ...................... A795
sludge............................................................ A800
special conditions............................ ' . .  . A785
stainless s te e l.............................................A823
s u m p ............................................................. A808
ta n k ............................................................... A787
tra sh  handling  im pellers........................ A805
tre n c h ........................................................... A832
various pack ings.......................................A789

S p e c if ic  g ra v i ty ............................................. B46
tab le ................................................................. B51

S p e c if ic  h e a t ....................................... A54, C39
co n stan t volum e..........................................C43
ex ternal w ork ............................................... C40
gases.................................................................A55
liq u id s ............................................................. A54
solid..................................................................A54

S p e e d , p is to n ............................................... A438
S p h e ro id a l  s t a t e ........................................... B54
S p la s h  lu b r ic a t io n  s y s te m ...................C293
S p ra y , ponds..................................................A681

system  on ro o f...........................................A687
S p ra y  n o z x le (s )   .............................A686

tu rb in e  ty p e ................................................A684
S p r in g  p re s s u re  o n  v a lv e s .................. ;A 446
S p u d s , w a lk in g , h y d ra u l ic  d re d g e s . A853
S ta b i l i t y  : ...........................................A93
S ta n d a r d ,  a tm osphere .................................A26

type  condenser...........................................A586
S ta r t in g ,  centrifugal p u m p s................... A171

com pressor..................................................C298
control, rem o te ...............  C258
cycle, single a cting  b ucket p u m p . . .  A266 
fire p u m p ..................................................A844Q



S ta te  o f e q u i l ib r iu m ..........................A36, 37
S ta t ic ,  h ead ......................................................A84

in e r tia ............................................................. A48
lif t ............................................................A86, B7
to ta l co lum n................................................. B18

S te a m ,  cy linder A452, C153
driven  com pressors A303, C196
engine and  com pressor cycle3................C89
flow in  condensers....................................A600
hydrau lic  e lev a to rs ..................................A130
j e t  e jector, w hen to  u se ......................... A618
plating , hydrau lic  presses......................A274

S te a m  c h e s t  a n d  valve s e a t .................A345
S to p e r  o p e r a t io n ........................................C376
S to p e r s ..................  C375
S to p  p o s i t io n .................................................. B91
S t r u t  a s s e m b ly , a ir p lan e ...................... 5213
S tu f f in g  box (es)..........................................C323

and  g lands •. . A148
S u b m a r in e  d r i l l s ........................   .C382
S U P E R -C H A R G E R S ...................... C359-368

ad ap ta tio n ...................................................C359
ch arg e ........................................................... C361
def.................................................................. C361
effect of.........................................................C361
e lem en ta ry ..................................................C368
full c h a rg e . ........................................ C361
gas e n g in e ,  a t  high  e levations C362

defects................  C360
reason fo r ....................................................C359
super-charge, effects of...........................C362

S U R F A C E  C O N D E N S E R S  A573-634
air p u m p ...................................................... A670
classification...................................... A573-576
counter-flow ............................................... A603
cross flow.....................................................A601
def.......................  A573
differential tu b e  spacing ........................ A611
divided flow  ...................................... A601
double flow..................................................A608
dual b a n k ....................................................A605
h e art sh ap ed ...............................................A609
large...............................................................A610
m ulti-pass coun ter c u rren t................... A607
rad ia l flow d u a l b a n k ....................A606, 612
single tu b e ...................................................A584
standard  ty p e ............................................ A586
tu b e  b a n k s ..................................................A604
tw o pass m arine........................................A611
w ater w orks ty p e ......................................A586
w ith  steam  je t  a ir p u m p ........................A646

S u r fa c e  p re s s u re ...........................................B26
S u rg e  c h a m b e r ,  hydraulic  c o n tro l . . .  B147

types.................................................... B148, 149
S y p h o n ...............................................................B38

operation .........................................................B39
p u m p .............................................................A723

T
T a n g e n tia l , deceleration , hydraulic

drives...............................................................B68
m otion .............................................................A43

T a n k  s t r a in e r - ........................................ A844H
location ............................  A844H

T e m p e r a tu r e  a n d  l u b r i c a t i o n  C124
T e m p o r a r y  s h u t  d o w n , f i r e  p u m p  A844U
T e rm in a l  d if f e r e n c e .................................A660
'i  e s t ,  equ ipm ent, hydrau lic  c o n tro l . . . B209

procedure, hydraulic  c o n tro l................B210
T e s t in g  s o lu t io n s .........................................B54
T h e rm o c o u p le  p r in c ip le ......................... A51
T h e r m o m e te r  s c a le s ..................................A50
T h e o re t ic a l  h o rs e  p o w er........................A451

tab le ...............................................................A454
T h e o re t ic a l  l i f t ...................................A98, B12
T h ird  fe e d  r a t e ...........................................B100
T h r e e ,  c y lin d e r  c o m p r e s s o r ................C194
T h r e e  s ta g e , centrifugal p u m p s ............A128

hydro  steam  a ir p u m p ........................... A651
s tep  p iston  com pressor...........................C200
tandem  com pressor..................................C199

T h r e e  s t a t e s ...........................................A14, B2
rad ia to r exam ple o f ....................................A64

T h r e e  s to p  r e g u la to r ............................... C256
T h r o t t l in g  g o v e rn o r  c o n t r o l ...............C231
T o r q u e  c o n v c r te r ( s ) ....................................B76

opera tion ........................................................ B77
T o ta l ,  co lum n ....................................... % . . .  B17

head  causing flow........................................B25
sta tic  co lu m n .............................................A434

T r a n s f e r  o f h e a t  A55, 56
b y  conduction .............................................. A55
b y  convection ...............................................A56

T r a n s m is s io n ...............................................A497
various..........................................................A497

T ra v e llin g  in l e t  s c r e e n ,  h y d ra u l ic
d re d g e s ....................................................... A853

T r ip le x , pum p , single a c t in g . . .  .A 490, 500
reciprocating p u m p s ............................... A315
single acting  pow er p u m p . .............A477

T r o u b le s ,  centrifugal p u m p s ..................A178
h y d r a u l ic  c o n tr o l ..................................B211

corrections.............................................. B211
T u b e ,  b an k s ...................................................A604

connections for p la tes .............................A595
p la te s .............................................................A595
sheets ............................................................ A595
su p p o rt p la te s ............................................A597

T u r b in e ,  a ir p u m p ..................................... A538
wheel d isc .................................................... B308

T  u rb o -b lo w e rs ............................................ C358
T u r r e t  ty p e  w a te r  e n d ...........................A291
T w o , angular fo rces...................................... A38

opposed fo rces.............................................A38
T w o  p a ss , d ry  c o n d e n s e ............... A590, 598

m arine condenser..................................... A611



Two ra n g e  a f t e r  c o o le r ...........................C223
Two s ta g e , a ir pum p  sy stem s................A647

com pression. . —  . . .  . . . . . . . . . . . . . .C61
compression cy c le .....................................C211
com pressor.................................................. C132
cylinder.........................................................C152
cylinder'cyclc............................................C115
dry  air p u m p ..............................................A532
p is to n .. . ..................................   C195
tandem  com pressor..................................C197

T w in  d is c ,  h y d ra u l ic  d r iv e s ................... B74
T ype Y v a lv e s   ...................... C337-339
Types of b a r o m e tr ic  c o n d o n s e r s . . ,  A567

U
U n d e r-m o u n te d  in te r - c o o le r  C217
U n d e rsh o t w h e e l........................................A726
U n it of h e a t  I ..................   A53
U n toader, free a ir   C238, 241

inlet lin e .......................................................C237
low p ressu re ................................................C250
operation......................................................C236

V
V a cu u m ......................  B9

boosters........................................................ A654
b rea ke r ..........................       A562

connection...............................................A564
braking by  a i r ........................................... A563
d ef................................................................. A 546
degree o f ...................................................... A657
keel condensers......................................... A579
nature of................................................  A545
pum p, m isnom er ...........................A524
readings to  fe e t ......................................... A201

V acu u m  c a l c u la t io n s ............................. A507
V acu u m  c h a m b e r s ,  action  of...............A462

best p lacem ent...........................................A463
cycle...............................................................A465
o pera tion . ..................................................A462
spring an a lo g y  .............................A467

V alve(s), b a ll................................................. A305
bronze wing guided ..................................A304
construction ............................................... A300
cushion sp rin g ................................ . . . . . C 1 6 4
disc.................................  A304
expansive.. . . » ..................  A332
ge a r , o rd inary  and  D -B  ty p e s    A348

sim ple .......................................................C178
instruc tions . ...................................... C331
lap, def..........................................................A333
m aterial for h o t w a ter............................ A304
nest o f .   ..................................A304

V alve(s)— c o n t in u e d
non-expansive..............................
p o rt opening................................
re lie f.................................................

............A301

............C329
safety  s to p ....................................
s e a t ................................................. ............A302

how a tta c h e d ..........................
s p r in g ( s ) ......................................

pressure....................... .............
s tem ................................................. ............C180
yoke.............. ................. .. ............C179
channel............................................
disassem bly o f ............................
fea ther...........................................
finger...................i .................. ..
p la te ................................................
ring  disc.................................. ..
spring  p ressure ............................
various............................. .........

V ane p u m p ....................................
V ariab le , clearance regu la tion . . C249, 253

cut-off governor c o n tro l..........
m otion .............................................

V ariou s, ja ck  b its .........................
p istons ............................................

V e lo c ity ............................................
head ................................................. ............A199

kinds o f.........................................
V ariab le  d is p la c e m e n t  p u m p
V ertica l s in g le  s ta g e  c en tr ifu g a l

p u m p ............................................ ............A151
V o lu m e an d  w e ig h t o f a ir . . .
V o lu m etr ic , efficiency................ A449, C112

expansion .......................... ..
V o lu te ...............................................

p u m p ............................................ ............A114
four s ta g e .................................

W
W a g o n , d r i l l s .* . . ................... ..

m ounted  jackham m er.......... .................C380
W alk in g  s p u d s ,  h y d ra u l ic s , d re d g e s  A853
W A T E R ........................................

b o ile r , sca le ............................ ...................A10
operation ..............................

b o ilin g  p o i n t ........................
effective p ressure..............

com pressibility  o f.............
con traction  of........................ .................. A11
end, classification..................
e x p a n s io n  o f ....................... ..

tab le .......................................
flow, m easurem ent of...................A105, B30



W a te r—con  t in u e d
freezing and  boiling p o in ts ........................A2
m easurem ent by  V enturi m e te r B36
o u tle t, com pressor.............. . ...................C273
p a s s e s ...........................................................A598

of condensers.........................................A598
one pass................................................... A598
tw o p a ss .................................................. A598

p is to n ...................  A296
pounds-head ta b le ...................................... A19
pressure o f.....................................................A20
properties ..................................... A1, B1, B15
requirem ents for dom estic serv ice. . .  A722
sources.......................................................... A708
tem pera tu re  w eight ta b le ........................ A15
therm o-circu lation ......................................A12
U. S. gallons..................................................A13
valves............................................................A444
w e ig h t , eq u iv a len t......................................A3

o f......................................................... A12, B4
w heels...........................................................A725
w o rk s , condenser...........................A586, 591

condenser, cooling su rface ............... A664
W A T E R  S U P P L Y ............................. A707-760

a ir  l i f t ..........................................................A747
clam p........................................................A750
principle..............................   A749

classification............................................... A728
com pressed a ir sy s te m ........................... A751
deep well in s ta llations ............................ A758
direc t stroke  w ind m ill...........................A739
dom estic, classification...........................A707
d r iv e n  w e l l( s )  A712, A709

p o in t......................................................... A712
dug  wells......................................................A709
horizontal pow er house p u m p .............A755
h o u s e ,  force p u m p . . . . . ; . . ............... A714

hand  p u m p s ............................ ............. A713
lif t p u m p .................................................A713

h o u s e  p u m p ,  capac ity  o f....................A720
in s ta lla tio n .............................................A721

hydrau lic  ra m ............................................A727
je t  sy stem s . . ................................. A740
one an d  tw o pipe j e t  sy s tem s............. A743
ord in a ry  dug  wells.................... A711
oscillating force p u m p ............................ A714
pipe f r ic t io n , .............................................A716
p o w e r , o f w ind m ills ..............................A735
p n e u m a t ic ,  l if t........................................A746

shallow well in s ta lla tio n s ..................A756
rain fall sy stem ...........................................A707
so called siphon p u m p . . .„ ...................A723
tab le s ...................................................A716-719
u n d ersh o t w heel........................................A726
w a te r , requ irem ents............................... A722

sources......................................................A708
w in d  m i l l ,  p u m p ......................    .727, A736

W e ir .................................................................. A106
fo rm ulae ......................................................... B34
m easurem ent b y .......................................... B31
ta b le .  .............................. A107, 108, B32

W in d  m ill( s ) .................................................A727
basic p rin c ip le ........................................... A728
d irec t s tro k e ............................................... A739
governors............................................   A730
p u m p s ...........................................................A736
tab les .............................................................A733

W o rk ................................................................... C65
o f ad iabatic  com pression .........................C99

W O R K  O F  C O M P R E S S IO N  C65-126
actu a l c u rv e ..................................................C98
ad iabatic  com pression...............................C97
adm ission p ressure ................................... C113
air com pression ta b le ............................. C105
a ltitu d e  com pression............................... C126
a p p ro x . b .h .p ............................................C110

disp lacem ent..........................................C108
barom eter a ltitu d e  read ings................. C125
B ritish  therm al u n i t ..................................C67
calcula tions....................................................C85
charge p re ssu re ......................................... C113
clearance a i r ............................................C116
com bined efficiency.:  ...........................C121
com pression efficiency.............................C117
cycle...............................................  C122
displacem ent...............................................C109
d p .  in te g ra tio n .. . ...................................... C96
dv . in teg ra tio n ............................................. C93
dynam ic in e r t ia ...........................................C74
e f fe c t  o f, c learance................................. C115

h e a t ...........................................................C100
efficiency......................  C112
e n e r g y ................................................ C66, C69

expenditure o f..........................................C71
k in e tic , ...................................................... C70
kinds o f. . . . ..................   C70
p o te n tia l....................................................C70
foot pounds.............................................. C66

h o rse  p o w e r ................................................C73
calcu la tio n .................................... C78, 109
tru e  form ula............................................. C80
various k in d s  ....................................C77

h e a t ............................................. C66
an d  w ork................................................... C68
how m easu red .   ..................................C67

hyperbolic lo g a rith m s . ...........................C84
inter-cooler construction ........................C122
iso therm al...........................  C81
Jou le’s experim ent......................................C69
kinetic  energy...............................................C75
loss due  to  h e a t ...........................................C36
lub rica tion ...................................................C124
m e c h a n ic a l , efficiency..........................C119

cquiv . o f h e a t.......................................... C69
m .e .p .  and  h .p .  ta b le .............................C107
m u l t i - s ta g e ...............................................C121

sav in g .......................................................C124
objec t o f gearing .........................................C76
overall efficiency.......................................C120
resistance   .............................................C65
w o r k ............................................................... C65

diag ram ......................................................C83


