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abnormal operations, centrifugal
pumps, 2.376
aboveground discharge pumps, 2.99
abrasive wear, 5.16, 5.18
composite pumps, 5.50
packings, 2.192
particulates, 5.20
rotary pumps, 3.137
slurry pumps, 9.364
water supply systems, 9.9
absolute viscosities, 8.32
AC adjustable-voltage drives,
6.110-6.111
AC electric motors, 6.3
acceleration, electric motors,
6.23-6.24
accelerators, solutions, 9.115
accelerometers, 2.422
accessories, fire protection
systems, 9.70

accumulators, 9.464

accuracy in testing pumps, 13.8

acid sulfite pulping process, 9.160

acidic solutions, 9.114

acoustic filters, displacement
pumps, 3.68

acoustic treatments, gas
turbines, 6.93

acoustic velocities, displacement
pump piping systems,
3.64-3.65

active magnetic bearings, 2.282

actuators, control valves, 7.23, 7.26

adhesive wear, 5.14-5.15

adjustable blade propeller
turbines, 6.79

adjustable rigid couplings, 6.176

adjustable vanes, centrifugal
pumps, 2.367

adjustable—frequency drives

frequency inverters, 6.118
solid state adjustable—frequency

inverters, 6.119-6.120
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adjustable-speed belt drives, 6.167
applications, 6.173
control systems, 6.173
gear reduction, 6.169
input speed, 6.168
operations, 6.170
output torque, 6.172
ratings, 6.172
service factoring, 6.172
speed control, 6.169
V belts, 6.170
aerated solutions, 9.114
affinity laws
rotary pumps, 3.132
turbines, 6.84
agricultural pumps
transfer systems, 9.441-9.442
water usage, 9.5
air admission, centrifugal
pumps, 2.367
air chambers, waterhammer
prevention, 8.101-8.103
air cleaners, engines, 6.69
air conditioning chilled water
marine pumps, 9.236
air conditioning pumps, 9.257
air intake systems, engines, 6.68
air leakage, stuffing boxes, 2.192
air lift eductors, 4.47
air motor starters, engines, 6.71
air siphons, 4.47
air ventilation, hot water
pumps, 9.254
air-cooled eddy current couplings,
enclosures, 6.105
air-separating tanks, 2.465
airborne noise, 8.117-8.122
aircraft fuel pumps, 9.409-9.411
altitude climb performance,
9.415-9.416
boost pumps, 9.412-9.414, 9.418
constant altitude
performance, 9.416
contaminated fuels, 9.429
gear stage cyclic durability, 9.428
gear stage volumetric
performance, 9.428

INDEX

low lubricity fuels, 9.429
main fuel pump, 9.416-9.417,
9.420-9.427
motor speeds, 9.414
performance, 9.414
pressure rise, 9.414-9.415
types of fuel, 9.415
vapor lock, 9.419
aircraft refueling cryogenic
pumps, 9.401
aircraft-derivative split shaft gas
turbines, 6.91
alignment
engines, 6.74
gear reducers, 6.160
mechanical performance impact,
2.412-2.417
pumps, 12.3-12.4, 12.7
alignment issues, screw
pumps, 3.120
alkaline solution chemical
pumps, 9.114,9.117
alkalinity, water supply systems, 9.9
alloys, corrosion factors, 5.7
alternators, multipump control
systems, 7.7
altitude climb performance, aircraft
fuel pumps, 9.415-9.416
amnifold pumps, piping, 10.29
amplitude, vibration analysis,
2.419-2.424
angular contact bearings,
2.151-2.152
angular misalignment, 2.228
annual inspections, 12.17
annular siphons, 4.44
antifriction bearings
power pumps, 3.34
vibration, 2.434
AODPs (air-operated
diaphragm pumps)
applications, 3.95
ball valves, 3.92
check valves, 3.93
flap valves, 3.92
limitations, 3.97
pumping dry powders, 3.97
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API Standard 682, 2.215
applications
adjustable-speed belt drives, 6.173
canned motor pumps, 2.318
eddy current couplings, 6.106
eductors, 4.30
flexible couplings, 6.181-6.182
food/beverage pumps, 9.188
gas turbines, 6.94-6.96
hydraulic water pumps, 6.193
jet pumps, 4.20
rigid couplings, 6.176
approach channels, intake
design, 10.46
ARC valves (Automatic
Recirculation Control), 2.444
Archimedean screw, 1.2
area ratio, LJL pumps, 4.12,4.16
artificial lift, oil well pumps, 9.377
ash handling pumps, 9.111
atmospheric gases, cryogenic
pumps, 9.400
Austenitic iron casings, 5.29
Austenitic stainless steel
casings, 5.29
impellers, 5.27
stress corrosion cracking, 5.7
automatic controls, mining
pumps, 9.211
automatic packings, 2.183
auxiliary bearings. See catcher
bearings.
auxiliary circulating pumps, steam
turbogenerators, 9.228
auxiliary condensate pumps, steam
turbogenerators, 9.228
auxiliary services, standby
pumps, 12.16
auxiliary starters, engines, 6.71
average daily demand, water supply
systems, 9.5
axial clearances, wearing
rings, 2.121
axial lengths, centrifugal
pumps, 2.29
axial magnet forces, sealless
magnetic drive pumps, 2.304

axial thrust, 2.401
axial-flow impellers, 2.127
boiler circulating pumps, 2.127
centrifugal pumps, 2.53-2.54
double-suction impellers, 2.124
high-energy pumps, recirculation
response, 2.79
hydraulic balancing devices, 2.129
impellers, 2.124-2.125
multistage pumps, 2.128
overhung impellers, 2.126
radial impellers, 2.127
semiopen impellers, 2.127
single-stage pumps, 2.124
single-suction impellers,
2.126-2.128
vertical pumps, 2.171-2.172
axial unbalances, 2.125
axial unloading, ball bearings, 2.152
axial-flow impellers, 2.113, 2.127
axially split casings, 2.102
interstage passages, 2.108
throat bushings, 2.141
axially split pumps, 2.99

babbitted bearings, 2.149
babitts, 2.273
backflow
high-energy pump cavitation, 2.86
preventers, 2.143
backup systems, magnetic
bearings, 2.279
backward curved blades, centrifugal
pumps, 2.331
balance
couplings, 6.182
seals, 2.200-2.201, 2.211
balanced piston valves, duplex
steam pumps, 3.44
balancing drum/disk units,
hydraulic balancing devices,
2.129-2.131
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ball bearings, 2.149
angular contact, 2.151

double-row angular contact, 2.152

electric motors, 6.17
lubrication, 2.153
sealed, 2.150
self-aligning, 2.151

single-row angular contact, 2.151

single-row deep-groove, 2.151
ball thrust bearings, 2.150
ball valves

AODPs, 3.92

control valves, 7.16
ballast pumps, 9.234
bar racks, head losses, 8.73
barrier fluid, 2.216
baseplates, 2.156

drain pockets, 2.156

vibration, 2.435
beam pumping units, 9.386
bearing cases, single-stage steam

turbines, 6.41
bearings, 2.149
ball bearings, 2.150
canned motor pumps, 2.316
environment control, 2.321
critical mass, 2.270-2.271

cross coupling, 2.267

defective, 2.406

electric motors, 6.17-6.18

gears, lubrication, 6.161

heat balancing, 2.263-2.266

hydrokinetic drives, 6.129

inboard, 2.149

line, 2.149

lubrication, 2.152

magnetic. See magnetic bearings.

outboard, 2.149

pedestal, 2.149

propulsion marine pumps, 9.219

rolling element, 2.149

rotor whirl, 2.266

sealless magnetic drive pumps,
2.308-2.310

self-aligning, 2.149

sewage systems, 9.42
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slurry pumps, 9.357
spring and damping coefficients,
2.268
squeeze film effect, 2.252
stability, 2.270-2.273
stability analyses, 2.268
static radial load damage, 2.403
static thrust, 2.401
thrust, 2.149
vertical dry-pit pumps, 2.160
viscosity, 2.258
bedplates, 2.155
composite pumps, 5.61
drain surfaces, 2.157
below-ground discharge pumps, 2.99
bends in pipes, resistance
coefficients, 8.65
BEP (Best Efficiency Point),
2.327,2.437
Bernoulli constant, 2.15
BEs (operating Basis Earthquakes),
seismic nuclear pumps, 9.304
beverage pumps, 9.187-9.188
positive displacement, 9.190
rotodynamic, 9.189
seals, 9.193
types, 9.189-9.190, 9.193
Bhp (brake horsepower),
power pumps, 3.4
bid requisitions. See RFQs.
bidders lists, RFQs, 11.20-11.22
bilge pumps, 9.232
biologically-induced corrosion, 5.10
black liquor, paper mill pumps,
9.163-9.164
blades
centrifugal pumps, 2.33
determining number, 2.36-2.38
determining shape, 2.39-2.40
inlet, 2.34
outlet, 2.34-2.35
high-energy pumps, vane
combinations, 2.76-2.77
bleach liquors, paper mill
pumps, 9.164
bleaching pulp, 9.160
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blockages, centrifugal pumps, 2.61
blow tanks, paper mill pumps, 9.163
boiler circulating pumps, 2.127,
9.108-9.109
boiler feed pumps
cavitation, 9.92, 9.94
constant speed control systems,
7.11-7.13
drivers, 9.90
efficiencies, 9.94-9.95
reduced flow operation, 9.90
steam power plants, 9.77
capacities, 9.78
load reduction, 9.79-9.81
NPSH, 9.78-9.79
working pressures, 9.87
boiler injectors, 4.48
boiler-feed water condensate, 5.35
booster pumps
aircraft fuel systems,
9.412-9.414,9.418
steam power plants, 9.84
water treatment plants, 9.19
Boron injection recirculation pumps,
PWR plants, 9.280
bottom-suction pumps, 2.106
boundary blockages, centrifugal
pumps, 2.61
boundary layer theory, fluid
mechanics, 2.249
Bourdon gages, measuring
head, 13.35
brake horsepower (bhp)
gas turbines, 6.96
steam pumps, 3.58
branch-line pumping systems
closed loop, 8.83-8.84
flow control, 8.88
open-ended systems, 8.84, 8.86
total head, 8.90
Brayton cycle, gas turbines, 6.89
breakaway torque
centrifugal pumps, 2.360
power pumps, 3.8
sealless magnetic drive
pumps, 2.303

brine pumps, 9.259
bronze
casings, 5.29
impellers, 5.26
wear rings, 5.31
brushless DC motors, 6.10-6.12
brushless synchronous motors, 6.7
buffer fluids, 2.216
building water pressure control
systems, 7.14
butterfly control valves, 7.16
BWR plants (boiling water
reactor), 9.279
closed cooling water pumps, 9.284
control rod drive pumps, 9.284
fuel pool cooling pumps, 9.285
high-pressure core spray
pumps, 9.285
jet pumps, 9.283
low-pressure core spray
pumps, 9.285
main coolant pumps, 9.287, 9.290
reactor core isolation cooling
pumps, 9.285
reactor water cleanup
pumps, 9.284
recirculation pumps, 9.283
RHR pumps, 9.285
standby liquid control
systems, 9.285
bypass control and regulation
centrifugal pumps, 2.367
condensate pumps, 9.102
displacement pumps, 3.78
bypass flow, 2.439
bypass orifices, 8.87
bypass systems
controls, 2.450
fixed orifices, 2.448
low flow protection, 2.441-2.444
orifice issues, 2.448
PRVs, 2.448
pumps in parallel, 2.450
variable orifices, 2.448
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C

cage control valves, 7.16-7.17
calculated wear factors, 5.31
calibration, metering pumps, 9.317
canned motor pumps, 2.315
applications, 2.318
bearings, 2.316
environment control, 2.321
diagnostics, 2.322
filter assembly, 2.318
flow path, 2.318
installing, 2.321
intakes, 10.26
internal clearances, 2.318
pressure temperature
profiles, 2.321
recirculation fluid, 2.321
rotors, 2.316-2.318
secondary containment, 2.318
stator liners, 2.318
stators, 2.315
thrust balance, 2.319-2.321
vertical condensate pumps, 9.97
cantilever shaft pumps, 2.168
capacities
drainage pumps, 9.48
hydrodynamic drives, 6.135
hydrokinetic drives, 6.134
hydroviscous drives, 6.136
irrigation pumps, 9.48
metering pumps, 9.317
paper mill pumps, 9.175
power pumps, 3.4
rotary pumps, 3.139-3.140
screw pumps, 3.115
vane pumps, 3.140
water supply systems, 9.6
well pumps, 9.22
capacity planning
electronic pumps, 3.88
sewage pumps, 9.37
carbon pumps, 5.53
carbon slurry pumps, water
treatment plants, 9.17
carbon steel shafts, 5.30
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carburizing gears, 6.150
cargo marine pumps,
9.237-9.238, 9.241
casing cover rings, leakage
joints, 2.118
casing housing, rotary pumps, 3.124
casing rings
leakage joints, 2.118
restricting movement, 2.123
casing sealing glands, single-stage
steam turbines, 6.41
casing tongues, centrifugal pumps,
reducing size, 2.347
casings, 2.102
feet location, 2.110
handholes, 2.107
hydrokinetic drives, 6.129
hydrostatic tests, 2.111
materials of construction,
5.28-5.29
mechanical features, 2.107
multistage pumps, 2.107,2.110
single-stage steam turbines, 6.41
slurry pumps, 9.357
cast cylinders, power pumps, 3.22
cast iron
casings, 5.28
flanges, 2.110
impellers, 5.27
wear rings, 5.32
catcher bearings, 2.279, 2.284
cavitation, 2.224, 2.248,
2.397-2.398, 2.448
boiler feed pumps, 9.92-9.94
centrifugal pumps, 2.347,
2.356-2.357
control valves, 7.23
high-energy pumps
backflow, 2.86
erosion effects, 2.71, 2.88
instabilities, 2.87
pressure pulsations, 2.87
LJL pumps, 4.11, 4.17
noise sources, 8.111-8.113
resistance, 5.13
rotary pumps, 3.135



testing pumps, 13.10
turbines, 6.83
cavitation erosion, 5.11
cavitation limited flow ratios, LJL
pumps, 4.15,4.19
cellar drainers, volute pumps, 2.169
centerline footings, 2.110
centerline pump support, 2.157
centipoises, 8.33
centralized multi-pump priming
systems, 2.459
centrifugal pumps, 2.3, 2.21
abnormal operations, 2.376
adjustable vanes, 2.367
air admission, 2.367
aircraft fuel, 9.411
axial lengths, 2.29
blades, 2.33-2.34
determining number, 2.36—2.38
determining shape, 2.39-2.40
boundary blockages, 2.61
breakaway torque, 2.360
bypass orifices, 8.87
bypass regulation, 2.367
casing tongues, reducing
size, 2.347
cavitation, 2.347
reducing damage, 2.356
resistant materials, 2.357
chemical, 9.120
collectors, 2.41
component efficiencies, 2.11-2.12
defective bearings, 2.406
designing, 2.27, 2.406
diffusion assessments, 2.66
discharge
recirculation, 2.370
throttling, 2.366
drainage. See drainage pumps.
drivers, torque characteristics,
2.359-2.360
dynamic instability, 2.56
efficiencies, 2.60-2.61, 2.329,
2.382-2.383
increasing impeller speed, 2.334
electromagnetic effects, 2.27

emulsions, 2.27
energy transfer, 2.9
entrained air, 2.358
entrained gases, 2.26
Euler’s Pump Equation, 2.13
exit radius, 2.30
extended Bernoulli equation, 2.15
first law of thermodynamics, 2.9
flow rate, 2.327, 2.351
regulation, 2.365
head, 2.328
heat of compression, 2.11
high specific speed, 2.364
hubs, profiles, 2.31, 2.33, 2.62
hydraulic efficiency, 2.334
hydraulic geometry, 2.21
impellers, 2.29
blades, 2.64
diffusion effects, 2.15
eyes, 2.29
inlets, 2.58-2.59
outlets, 2.59
reducing diameter, 2.338-2.339
reversed installation, 2.382
incorrect driver rotation, 2.382
inducers, 2.358
inlets
blades, 2.34
velocity diagrams, 2.64
internal static pressure
distribution, 2.16
irrigation. See irrigation pumps.
LJL pump interaction, 4.19
losses, 2.11
low specific speed, 2.361-2.362
marine cargo, 9.237
mechanical issues
critical speed, 2.409
efficiency, 2.334
mechanical performance,
2.405-2.406
medium specific speed, 2.364
mixed-flow impellers, reducing
diameter, 2.339
moments of forces, 2.13
Moody-Staufer formula, 2.383
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NPSH, 2.16-2.17, 2.25,
2.349-2.351, 2.355
operating, 12.13-12.14
outlets
blades, 2.34-2.35
velocity diagrams, 2.64
overfiling vanes, 2.343
parallel operation, 2.367—-2.368
performance, 2.24, 2.334
axial thrust, 2.53-2.54
backward-curved blades, 2.331
CFD, 2.51-2.52
characteristic curves, 2.18, 2.46
estimates, 2.69
forward-curved blades, 2.332
mechanical efficiency, 2.50
non-recirculating flows, 2.46
non-viscous flows, 2.329-2.330
radial blades, 2.332
stability, 2.56
viscous flow, 2.331
volumetric efficiency, 2.50
pipeline applications, 9.142
pitting, 2.347
power output, 2.329
primers, 2.359
Q3D analysis, 2.48
radial thrust, 2.372
recirculation, 2.369-2.370
recirculating flow, 2.19
return passages, 2.45
rotary pump comparisons, 3.130
rotative speed, 2.27
Riitschi formula, 2.384
scaling, 2.19
second law of
thermodynamics, 2.10
shrouds, profiles, 2.31-2.33, 2.62
similitude, 2.20
sizing, 2.28-2.29
effect on efficiency, 2.24
slurry effects, 2.26
speeds, rotor shape, 2.23
starting, 12.14
static instability, 2.56
static pressure
increases, 2.16
losses, 2.14
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static stability, 2.56
stopping, 12.14
subscript designations, 2.8
suction nozzles, 2.58
suction recirculation, 2.370
suction throttling, 2.366
suction-specific speed, 2.352
temperature rise, 2.372
Thoma cavitation parameter, 2.352
total dynamic head, 2.10
transient operations, 2.379-2.381
transient power failures, 2.376
troubleshooting, 12.20-12.23
turbine applications, 2.385-2.387
underfiling vanes, 2.343
units, 2.327
vane tips
clearance, 2.337
reducing size, 2.342
vaned diffusers, 2.43-2.44
velocity diagrams, 2.13
velocity triangles, 2.19
vibration, 2.382
viscosity, 2.25
volumetric efficiency, 2.334
volutes, 2.41-2.43, 2.67
wearing rings, clearance, 2.336
centrifugal slurry pumps,
9.351-9.352, 9.358
casings, 9.357
efficiencies, 9.360-9.361
hydraulic design, 9.353
impellers, 9.357
liners, 9.365
particle impact wear, 9.364
seals, 9.357
shells, 9.365
sliding abrasion wear, 9.364
solids effects, 9.360
wear, 9.353, 9.363-9.365
centrifugal/displacement systems,
flow control, 3.78, 3.81
ceramic pumps, 5.53
CFD (computational fluid dynamics),
centrifugal pumps, 2.46,
2.51-2.52
chamber design, seals, 2.220
charging pumps, 9.280
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check valves
AODPs, 3.93
sealing liquids, 2.143
waterhammer, 8.98, 8.102
chemical pulping, 9.160
chemical pumps
alkaline solutions, 9.117
casting integrity, 9.121
chlorine, 9.117
corrosion, 9.118
gaskets, 9.121
hydrochloric acid, 9.117
maintenance, 9.122
materials of construction,
9.115-9.116,9.121
nitric acid, 9.117
nonmetallic, 9.124
organic acids/compounds,
9.117-9.118
packings, 9.122
phosphoric acid, 9.117
pigments, 9.116
power end, 9.122
salt solutions, 9.118
sealless, 9.124
seals, 9.122-9.123
shafts, 9.123
sulfuric acid, 9.116
types, 9.120
weldments, 9.121
chemical resistance, composite
pumps, 5.51
chemical transfer systems. See
transfer systems.
chilled water pumps, PWR
plants, 9.283
chlorine
chemical pumps, 9.117
composite pump applications, 5.54
corrosion, 5.38
paper mill pumps, 9.165
chrome plating, shafts, 5.30
Cipoletti weirs, 13.19, 13.22
circuits, hot water pumps, 9.255
city water cooling systems,
engines, 6.66
clamshell markings, 5.24
classes of nuclear pumps, 9.294

classification of pumps, 1.2-1.3
clearances
centrifugal pumps, 2.336-2.337
magnetic bearing rotors, 2.282
wearing rings, 2.123-2.124
clockwise rotation, 2.107
closed cooling water pumps, BWR
plants, 9.284
closed cooling electric motors, 6.20
closed couplings, sealless magnetic
drive pumps, 2.305
closed cycles, steam power
plants, 9.75
closed impellers, 2.115
closed loop branch-line pumping
systems, 8.83—-8.84
closed-cycle gas turbines, 6.90
closed-loop controls, 7.3
coagulant feed pumps, water
treament plants, 9.16
coatings, 5.7, 5.44
codes, fire protection systems, 9.60
coefficient of friction
packings, 2.187
seals, 2.202
cold alignment of pump and
driver, 2.413
collectors, centrifugal pumps, 2.41
Colmonoy-wear rings, 5.32
combined cycle gas turbines, 6.90
combined displacement/centrifugal
systems
flow control, 3.78
parallel operation, 3.81
suction boost, 3.81
commercial purchase
recommendations, 11.29
commercial terms, RFQs, 11.9
commercial water usage, 9.5
complex slurry flows, 9.338-9.339
component cooling water
pumps, 9.280
component efficiencies, centrifugal
pumps, 2.11-2.12
composite pumps
abrasives, 5.50
bedplates, 5.61
chemical resistance, 5.51
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chlorine applications, 5.54
dye applications, 5.57
ethylene uses, 5.57
ferric chloride uses, 5.57
industrial uses, 5.58
insulation properties, 5.50
lined housings, 5.53
materials of construction, 5.60
mechanical properties,
5.49-5.50, 5.54
operating temperatures, 5.50
propylene uses, 5.57
standards, 5.60
sulfuric acid applications, 5.57
thermoplastic, 5.51
thermoset, 5.52
UV exposure, 5.50
compound pressure gages, 12.12
compressible flow, jet pumps, 4.8
compression packings,
2.183-2.184, 2.187
computer-based pump systems
design, 11.33
computer-based purchase proposals,
11.30-11.31
concentrated sludge/scum pumps,
9.34-9.35
concentration cell corrosion,
chemical pumps, 9.118
concentrations, solutions,
9.113-9.114
condensate injection water,
requirements, 2.241
condensate pumps, 9.96
bypass control, 9.102
discharge throttling, 9.102
flow regulation, 9.100
marine plants, 9.220-9.223
seal cages, 9.99
condenser circulating pumps, 9.104
performance, 9.105
system hydraulics, 9.108
condenser exhausting pumps, 9.223
conduction rings, sealless magnetic
drive pumps, 2.298
connecting rods, power pumps, 3.31
Conrad-type bearings, 2.151
consistency, paper stock, 9.166

INDEX

constant altitude performance,
aircraft fuel pumps, 9.416

constant differential pressure
propulsion marine
pumps, 9.220

constant drain temperature-
controlled injection flow
control systems, 2.243

constant pressure governors,
propulsion marine pumps,
9.219

constant speed control systems, 7.9

constant speed multipump
water pressure booster
systems, 9.454

constant-torque loads, eddy current
couplings, 6.103

constituents of solutions, 9.113

construction refinery pumps,
9.134,9.137

construction liquids transfer
systems, 9.444

contact load solids, 9.322

contact secondary controls, wound-
rotor induction motors, 6.116

contacting liquid lubricated seals,
2.197-2.199, 2.215

contacting seals, operating
envelope, 2.207

containment shell, sealless magnetic
drive pumps, 2.305

containment spray pumps, PWR
plants, 9.280

contaminated fuels, aircraft fuel
pumps, 9.429

contamination, cylindrical
bearings, 2.255

continuous bypass systems, 2.441

continuous coil packings, 2.193

continuous-tooth herringbone
gears, 6.146

control panels, water pressure
booster systems, 9.455

control rod drive pumps, BWR
plants, 9.284

control systems, 7.2

adjustable-speed belt drives, 6.173
alternators, 7.7



boiler feedwater constant
speed, 7.11-7.13
building water pressure, 7.14
bypass systems, 2.450
closed-loop controls, 7.3
constant speed, 7.9
eddy current couplings, 6.105
gas turbines, 6.94
liquid level sensors, 7.4
on-off constant speed, 7.9
on-off controls, 7.3
open-loop controls, 7.3
pressure sensors, 7.7
proportional controls, 7.3
sewage systems, 9.40
steam turbines, 6.41
system design, 11.4
telemetry systems, 7.9
transducers, 7.7
transmitters, 7.7
valve-throttling constant
speed, 7.10
valves, 7.14-7.15
waterhammer prevention,
8.103-8.105

control techniques for noise, 8.113

airborne noise, 8.117-8.122
controlling noise paths,
8.115-8.116

source modification, 8.113-8.114

control valves, 7.15, 7.23

ball valves, 7.16

butterfly valves, 7.16

cage valves, 7.16-7.17
cavitation, 7.23

flow characteristics, 7.20-7.21
flow coefficient, 7.22

gain, 7.21

gate valves, 7.16

globe valves, 7.15

injection flow systems, 2.245
multiple orifices in series, 7.18
positioners, 7.26

pressure recovery, 7.23
rangeability, 7.21

controlled valve closure,
waterhammer, 8.100
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controllers
fire protection systems, 9.61
fluid couplings, 6.139
controlling noise path, noise control,
8.115-8.116
controls. See control systems.
conventional generation, pumped
storage, 9.268
conventional sewage pumps, 9.29
conventional split-shaft gas
turbines, 6.90
coolant flow, seals, 2.204-2.205
cooling systems, engines, 6.62—6.66
cooling tower systems, 9.257-9.258
engines, 6.68
intakes, 10.8
pump pits, 10.6
cooling water intakes, 10.5
copper oxide corrosion, 5.4
corrective fatigue measures, 5.25
corrective procedures for common
problems, 2.404
corrosion, 5.37
alloys, 5.7
cavitation erosion, 5.11
chemical pumps, 9.118
seals, 9.122
shafts, 9.123
copper oxide corrosion, 5.4
dealloying, 5.5
dezincification, 5.5
galvanic corrosion, 5.6-5.7
graphite corrosion, 5.4-5.5
hydrocarbons, 5.38
intergranular, 5.10
microbiologically-induced, 5.10
rotary pumps, 3.136
stress corrosion cracking, 5.7
corrosion-assisted fatigue, 5.25
cost estimates, pumped
storage, 9.275
counterbalance, oil well
pumps, 9.386
counterclockwise rotation, 2.107
couplings
balance, 6.182
elastomer, 6.178-6.179
electric motors, 6.20
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flexible, 6.176
flexible diaphragm, 6.178
gear units, 6.160
limited end float, 6.182
material flexible, 6.178
mechanically flexible, 6.176-6.177
metal disk, 6.178
rigid, 6.175-6.176
rubber jaw, 6.179
spring-grid, 6.180
vertical operations, 6.182
crack arrest lines, 5.24
cracking and fatigue, 5.22-5.23
crank pin bearings, power
pumps, 3.33
cranking ratios, engines, 6.71
crankshafts, power pumps, 3.28-3.29
crevice corrosion, chemical
pumps, 9.118
critical damping, seismic nuclear
pumps, 9.302
critical mass
bearings, 2.270
journal bearings, 2.271
critical sigma, turbines, 6.83
critical speed
centrifugal pumps, 2.409
shafts, 2.132-2.133, 6.187
cross coupling, bearings or
springs, 2.267
crossheads, power pumps, 3.32
crossways, power pumps, 3.32
crude oil pipeline service, gas
turbines, 6.95
cryogenic liquids, 2.227
cryogenic pumps, 9.399
atmospheric gases, 9.400
LNG (liquefied natural gas),
9.403-9.405
LPG (liquefied petroleum gas),
9.404-9.405
refueling systems, 9.401
ship-loading, 9.405
CTIO volume (closed-to-inlet-and-
outlet), rotary pumps, 3.123
current meters, 13.26
Curtis stage steam turbines, 6.46

cushion valves, duplex steam
pumps, 3.44
cycle time, sewage systems, 9.38
cyclone separators, 2.142
cylinders
engines, 6.57
power pumps, 3.22
liners, 3.26
cylindrical bearings, 2.254
performance plots, 2.259
spring and damping
coefficients, 2.268
with axial grooves, 2.255

D

daily observation of pump
operations, 12.16
dam wearing rings, 2.120
damping coefficients, 2.267
Darcy-Weisbach formula, 8.33
data sheets, RFQs, 11.11
datum, horizontal/vertical shaft
pumps, 2.328
DC motors, 6.3, 6.8
PM brusless, 6.10, 6.12
SCR power supply drives, 6.123
shunt-wound, 6.8
SR brushless, 6.13
dealloying, 5.5
dealuminification , 5.6
debris removal, 10.14-10.16
deep well eductors, 4.38
deep well marine cargo pumps,
9.242-9.243
deep well turbine irrigation
pumps, 9.46
defective bearings, 2.406
deflection, shafts, 2.134
deformation rates, 8.32
degrees of freedom, seismic nuclear
pumps, 9.302
delivery, screw pumps, 3.101, 3.115
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demand profiles, water pressure
booster systems, 9.457-9.460
deposition, partially stratified
slurries, 9.332
derating power pumps, 3.9
design/analysis computer programs,
11.33-11.34
designing intakes, 10.42
approach channel, 10.46
Froude scaling, 10.45
model scale, 10.46
model similitude, 10.44
screens, 10.47
designing magnetic bearings, 2.285
designing pumps, 10.47
centrifugal, 2.27
faults, 2.406
control systems, 11.4
flow distribution, 10.51
fluid characteristics, 11.2, 11.7
free surface vortices, 10.49
gas turbine temperatures, 6.91
intake loss coefficient, 10.50
nuclear pumps, 9.293-9.294
operating modes, 11.3
power, 3.21-3.22
prerotation, 10.50
pump type selection, 11.4, 11.7
subsurface vortices, 10.49
system head curves, 11.2-11.3
designing slurry transport
systems, 9.343
homogeneous slurries, 9.344-9.345
settling slurries, 9.345
detailed dynamic analysis, seismic
nuclear pumps, 9.308
dezincification, 5.5
diagnostics
canned motor pumps, 2.322
displacement pumps, 3.70-3.71
magnetic bearings, 2.291
vibration symptoms, 2.425,
2.430-2.431
dial indicators
pump alignment, 12.4
pump installs, 2.418
diaphragm couplings, 6.178

diaphragm pumps
air-operated, 3.92—-3.93
chemical, 9.121
hydraulically driven, 3.89-3.91
mechanically driven, 3.85-3.86
walking beams, 3.87
diaphragms, 2.108
diesel engines, 6.57
fire protection systems, 9.60
fuel systems, 6.62
diesel freshwater cooling
pumps, 9.226
diesel generators
fuel oil pumps, 9.229
jacket water circulating
pumps, 9.229
lubricating oil pumps, 9.229
diesel marine pumps, 9.226
diesel seawater cooling pumps, 9.226
diesel transfer systems, 9.443
differential mercury gages,
measuring head, 13.34
differential pressure
rotary pumps, 3.145
water supply systems, 9.12
differential pressure meters, 13.15
differential pressure-controlled
injection flow systems, 2.242
differential temperature-controlled
injection flow systems, 2.242
diffusers
centrifugal pumps, 2.43—-2.44
pumps, 2.97, 2.100, 2.163
diffusion effects, centrifugal
impellers, 2.15, 2.66
digester circulating paper mill
pumps, 9.181
dilatant liquids, 8.33, 9.188
dilute sludge pumps, 9.34
direct acting steam pumps, 3.40, 3.53
direct connected steam
turbines, 6.39
direct-acting pumps, throttle
control, 3.75
direct-connected exciters,
synchronous motors, 6.7
disc diaphragm pumps, 3.89
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discharge
drainage/irrigation systems,
9.48-9.51
mainfolds, power pumps, 3.27
pressure, 2.439
steam power plants, 9.85
recirculation, 2.370, 2.398
testing pumps, 13.14
discharge head, 13.4
discharge nozzles, 2.106
discharge piping, 12.9
float mounted mining pumps,
9.202-9.203
profiles, waterhammer, 8.93
water supply systems, 9.9
discharge stroke, reciprocating
pumps, 3.38
discharge throttling
centrifugal pumps, 2.366
condensate pumps, 9.102
discharge valves, power pumps, 3.27
disks, hydroviscous drives, 6.134
displacement
power pumps, 3.4
rotary pumps, 3.138, 3.141-3.143
steam pumps, 3.53
displacement pumps, 1.3
acoustic filters, 3.68
bypass control, 3.78
diagnostics, 3.70-3.71
flow control, 3.75
operating costs, 3.78
pumps in series, 3.83
gas-charged dampeners, 3.69
in-line gas dampeners, 3.69
inadequate NPSH, 3.63
isentropic bulk moduli, 3.66-3.67
isothermal bulk moduli, 3.67
piping system
acoustic velocities, 3.64—3.65
pulsation responses, 3.64
vibration, 3.70
positive pulsations, 3.64
pulsation control, 3.67
shaft failures, 3.73
side branch accumulators, 3.69
speed changer controls, 3.76
suction valve unloading, 3.76-3.77

thermal problems, 3.72
troubleshooting, 3.63
displacement/centrifugal systems,
flow control, 3.78, 3.81
dissolved air issues, screw
pumps, 3.113
dissolved gases, rotary pumps, 3.134
distance shaft sleeves, 2.136
distillation marine pumps, 9.234
distribution pumps, water treatment
plants, 9.19
domestic water usage, 9.5
double acting reciprocating
pumps, 3.38
double helical gears, 6.146
double seals, 2.208
double volute pumps, 2.101
double-end screw pumps, 3.104
double-ring pumps, 2.119
double-row angular contact ball
bearings, 2.152
double-suction impellers,
2.113, 2.124
doughnut type pumps, 2.110
doweling, pumps/drivers, 12.8
drain lines, injection flow
systems, 2.245
drain pockets, baseplates, 2.156
drainage pumps, 9.45
capacities, 9.48
discharge systems, 9.49-9.51
multiple pumps, 9.47
pool-to-pool head, 9.48
propeller, 9.53
total suction head, 9.52
total suction lift, 9.52
turbines, 9.52
valves, 9.48
volute, 9.52
drains, piping systems, 12.11
dredge pumps, 9.321, 9.351
drive shaft systems, 6.182-6.183
drive-end pumps, 2.107
driver speed controls, displacement
pumps, 3.76
drivers
boiler feed pumps, 9.90



centrifugal pumps, torque
characteristics, 2.359-2.360
doweling, 12.8
fire protection systems, 9.60
mining pumps, 9.212
refinery pumps, 9.142
selecting, 11.8
sewage systems, 9.39
steam power plants, 9.85-9.87
water supply systems, 9.10
dry pit pumps, 2.99
multipump systems, 10.11-10.12
sewage pumps, 9.29
dry running, sealless magnetic
drive pumps, 2.310
dry vacuum pumps, 2.458
dual containment shells, sealless

magnetic drive pumps, 2.308

dual strainers, injection flow
systems, 2.245
dual-pressurized gas lubricated
seals, 2.223-2.224
ductile overload zones, 5.24
duplex stainless steel
casings, 5.29
impellers, 5.28
duplex steam pumps, 3.40-3.44
duty cycles, engines, 6.59
dye applications, composite
pumps, 5.57
dynamic instability, centrifugal
pumps, 2.56
dynamic pumps, 1.3
dynamic viscosities, 8.32

E

ebullition cooling systems,
engines, 6.67
eccentric straps, power pumps, 3.31
ECCS (emergency core cooling
system), PWR plants, 9.280
economic evaluation, pumped
storage, 9.272
eddies, 10.24
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eddy current couplings, 6.99
air-cooled, 6.105
applications, 6.106
constant-torque loads, 6.103
control systems, 6.105
enclosures, 6.105
horizontal, 6.103
ratings, 6.106
sizes, 6.106
slip speed, 6.100-6.101
variable-torque loads, 6.101
vertical, 6.104
water-cooled, 6.105
weather-protected, 6.105
eddy current losses, sealless
magnetic drive pumps,
2.306-2.307
eductors, 4.24-4.25
air lift, 4.47
applications, 4.30
deep well, 4.38
general purpose, 4.30-4.32
mixing, 4.33
multinozzle, 4.38
NPSH, 4.27
performance, 4.30
priming, 4.41
sand/mud, 4.36
solids handling, 4.37
spindle proportioning, 4.34
efficiencies
boiler feed pumps, 9.94-9.95
centrifugal pumps, 2.60-2.61,
2.329, 2.334, 2.382-2.383
eddy current couplings, 6.101
electric motors, 6.4, 6.25
fluid couplings, 6.139
gear reducers, 6.153
paper mill pumps, 9.180-9.181
power transmission systems, 6.197
single-stage steam turbines, 6.47
slurry pumps, 9.360-9.361
steam power plants, 9.94-9.95
steam turbines, 6.48
units of measure, 13.7
efficiency formula, 13.37
ejectors, 2.458, 4.23
elastomer couplings, 6.178-6.179
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elastomeric vane pumps. See flexible

liner pumps.
electric drives, 6.109-6.111
electric motors

AC,6.3

acceleration, 6.23-6.24

adjustable-frequency drives, 6.118

ball bearings, 6.17

bearings, 6.17

brushless synchronous moters, 6.7

DC,6.3,6.8

with SCR power supply

drives, 6.123

drainage/irrigation, 9.53

efficiencies, 6.4, 6.25

enclosures, 6.15-6.16

fire protection systems, 9.60

flanged, 6.20

flux vector drives, 6.121

frequency variations, 6.22

horizontal wound-rotor
induction, 6.114

hydrodynamic bearings, 6.18

insulation, 6.18-6.19

Kraemer drives, 6.122

magnetic starters, 6.27

manual starters, 6.27

mining pumps, 9.212

motion equations, 6.23

performance, 6.21

power factors, 6.26

pull-in torque, 6.25

pump coupling methods, 6.20

rolling element bearings, 6.18

safe temperature, 6.25

service factor ratings, 6.25

sleeve bearings, 6.18

speeds, 6.23

squirrel-cage induction
motors, 6.4-6.5

starters, 6.27-6.28

submersible centrifugal oil well
pumps, 9.393

submersible pumps, 9.246

synchronous motors, 6.6

TEWAC (totally enclosed water-
to-air-cooled), 6.113

INDEX

voltage ratings, 6.22
wound-rotor induction,
6.111-6.113
wound-rotor induction motors,
6.5-6.6
electric starters for engines, 6.71
electromagnetic effects, centrifugal
pumps, 2.27
electronic pumps, 3.87-3.88
elevation head
centrifugal pumps, 2.10
pumping systems, 8.6
elliptical bearings, 2.255
emergency pumps, fire protection
systems, 9.58
emissions, gas turbines, 6.93
emulsions, centrifugal pumps, 2.27
enclosures
eddy current couplings, 6.105
electric motors, 6.15-6.16
end plates, rotary pumps, 3.124
end suction pumps, 2.102, 9.58
energy conversion, steam
turbines, 6.46
energy evaluations, RFQs, 11.11
energy gradients, pumping
systems, 8.12
energy level measurements,
high-energy pumps, 2.71
energy transfer, centrifugal
pumps, 2.9
engineering guidelines, fire
protection systems, 9.62
engines
air cleaners, 6.69
air intake systems, 6.68
alignment, 6.74
cooling systems, 6.62—6.68
cylinders, 6.57
drainage/irrigation, 9.53
duty cycles, 6.59
exhaust systems, 6.60, 6.70
foundations, 6.73
fuel systems, 6.61
heat exchangers, 6.66
ignition systems, 6.72
maintenance, 6.60



mufflers, 6.70
pistons, velocities, 6.59
pollutants, 6.60
power ratings, 6.57-6.58
radiators, 6.64—6.65
speed ratings, 6.60
starters, 6.70-6.71
vibration isolation, 6.74
entrained air
centrifugal pumps, 2.358
rotary pumps, 3.134
screw pumps, 3.113
entrained gases, centrifugal
pumps, 2.26
environmental issues
canned pump bearings, 2.321
environmentally-assisted
fatigue, 5.22
gas turbines, 6.91
epicyclic gear units, 6.159
equations
liquid jet pumps, 4.7
LJL pumps, 4.9-4.10
equipment inspection, 12.16-12.17
equivalent fluid slurries, 9.322
hydraulic gradient, 9.324
pressure losses, 9.323
equivalent head, pumping
systems, 8.5
erosion, 5.17-5.20
cavitation, high-energy
pumps, 2.88
corrosion, 5.37
chemical pumps, 9.119
high purity water, 5.35
saline water, 5.36
ethylene uses, composite
pumps, 5.57
Euler’s Pump Equation, 2.13
evaluating bids, 11.24
exhaust gas boiler marine
pumps, 9.231
exhaust systems, engines, 6.60, 6.70
exit radius, centrifugal pumps, 2.30
exit width, centrifugal pumps, 2.30
expansion joints, piping
systems, 12.10
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explosion-proof enclosures, electric
motors, 6.16

exposure limits for noise, 8.124

extended Bernoulli equation, 2.15

extended-shaft pumps, power
losses, 6.197

external gear pumps, 3.127

eye of impeller. See impeller eye.

F

face pressure, seals, 2.201
face-and-rim alignment, 12.5
failures
power, 12.16
pump motor, waterhammer,
8.95-8.96
fast fracture zones, 5.24
fatigue, 5.22, 5.24
corrective measures, 5.25
failures, 2.401
reducing via mechanical
notches, 5.23
feedback systems, magnetic
bearings, 2.278-2.279
feet, casings, 2.110
ferric chloride uses, composite
pumps, 5.57
fertilizer pumps, 9.321, 9.442
fiber characteristics of paper
stock, 9.166
field maintenance, 12.2
field tests, 13.2
filters
canned motor pump
assemblies, 2.318
gas turbines, inlets, 6.94
injection flow systems, 2.245
finite element method analysis,
seismic nuclear pumps, 9.303
fire marine pumps, 9.231-9.232
fire protection systems, 9.57
accessories, 9.70
codes and regulations, 9.60
controllers, 9.61
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drivers, 9.60
emergency pumps, 9.58
engineering guidelines, 9.62
first intervention pumps, 9.58
jockey pumps, 9.58
recommended design features,
9.63-9.68
firm capacity, raw sewage
pumps, 9.29
first intervention pumps, fire
protection systems, 9.58
first law of thermodynamics, 2.9
fish, preventing from entering
intake, 10.18-10.21
fittings, frictional losses, 8.54
fixed blade propeller turbines, 6.79
fixed displacement hydraulic pumps,
fixed water flow, 6.195
fixed orifices, bypass systems, 2.448
fixed system heads, pumping
systems, 8.13
fixed water flow, hydraulic
pumps, 6.195
flame hardening gears, 6.150
flanges, 2.110
motors, 6.20
rigid couplings, 6.175
flap valves, AODPs, 3.92
flash distilling marine pumps, 9.234
flashing, 2.448, 8.113
flat characteristic, 2.334
flat side valves, duplex steam
pumps, 3.43
flat wearing rings, 2.119
flexible couplings, 6.176, 6.181-6.182
flexible diaphragm couplings, 6.178
flexible drive shafts, 6.186
flexible graphite packing, 2.188
flexible impeller food/beverage
pumps, 9.190
flexible liner pumps, 3.126
flexible pipe, bedplate issues, 2.157
flexible shafts, 2.133
float mounted mining pumps,
9.201-9.203
floating packings, 2.183
floating rings, segmented throttle
bushings, 2.240-2.241

floating shafts, 6.184
flooded suction, units of
measure, 13.3
floor acceleration, seismic nuclear
pumps, 9.303
flow characteristics
complex slurries, 9.338-9.339
control valves, 7.20-7.21
fully stratified slurries, 9.335
inclined slurries, 9.342
slurries, 9.322-9.323
vertical slurries, 9.341
flow coefficients, valves, 7.22,
8.56-8.58, 8.62-8.63
flow control, 2.437
automatic bypass systems,
2.441-2.443
branch-line pumping systems, 8.88
combined displacement/centrifugal
systems, 3.78, 3.81
continuous bypass systems, 2.441
control loop bypass systems, 2.442
design factors, 2.439
displacement pumps, 3.75, 3.78
in series, 3.83
sewage systems, 9.41
flow curves, rotary pumps, 3.131
flow cutoff, LJGL pumps, 4.8
flow distribution, scale models, 10.51
flow metering devices, 12.12
flow nozzles, testing pumps, 13.16
flow paths
canned motor pumps, 2.318
sealless magnetic drive
pumps, 2.311
flow rates, 2.327
centrifugal pumps, 2.351, 2.365
reducing to prevent cavitation,
LJL pumps, 4.17
temperature variations, 8.77
flow regimes, jet pumps, 4.5-4.6
flow regulation, condensate
pumps, 9.100
flow requirements, 2.438
flow units, hydraulic turbines, 6.80
fluid characteristics, pump
selection, 11.7
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fluid couplings, 6.127
controllers, 6.139
efficiencies, 6.139
hydrodynamic drives, 6.132
hydrokinetic drives, 6.127-6.130
hydrostatic drives, 6.134
hydroviscous drives, 6.133-6.134
leakoff, 6.131
output speed regulation, 6.136
scoop-trimming, 6.130-6.131
turndown, 6.136
fluid drives. See hydrokinetic drives.
fluid dynamics, 2.9
fluid film bearing cavitation, 2.248
fluid friction power losses, rotary
pumps, 3.145
fluid issues, rotary pumps, 3.135
fluid lubricity, rotary pumps, 3.135
fluid mechanics, boundary layer
theory, 2.249
fluid vapor pressure, screw
pumps, 3.110
fluid/structure interactions,
high-energy pumps, 2.74
flumes, 13.23-13.24
fluoride pumps, water treatment
plants, 9.17
flush gland plates, 2.220
flush-and-quench gland plates, 2.220
flushes, 2.204
flushing solids pumps, 9.374
flux vector drives, 6.121
flywheel effect, waterhammer, 8.94
food pumps, 9.187-9.188
positive displacement, 9.190
rotodynamic, 9.189
seals, 9.193
types, 9.189-9.190, 9.193
foot valves, 2.456
forged cylinders, power pumps, 3.23
forward curved blades, centrifugal
pumps, 2.332
foul condensate, paper mill
pumps, 9.166
foundations, 12.3, 12.8, 2.155
engines, 6.73
gear reducers, 6.160

grouting, 12.8
screw pumps, 3.120
vertical pumps, 2.175
frames, power pumps, 3.28
Francis turbines
power shafts, 6.80
runners, 6.79
sizes, 6.83
Francis-vane impellers, 2.113
Francis-vane radial impellers, 2.113
free surface vortices, 10.39, 10.49
freeness, paper stock, 9.166
frequencies
defective bearings, 2.406
impeller vane passage, 2.406
variations, electric motors, 6.22
vibration analysis, 2.419-2.424
frequency inverters, PWM, 6.118
freshwater cooling marine
pumps, 9.230
freshwater drain collecting tank
pumps, 9.223
fretting, 5.15
friction, 8.32
frictional losses
head losses, pumping systems,
8.34,8.39-8.48
journal bearings, 2.253
LJL pump coefficients, 4.12
paper mill piping, 9.170-9.173,
9.177-9.179
water supply systems, 9.12
Froude scaling of intakes, 10.45
fuel oil pumps, 9.225-9.229, 9.256
fuel pool cooling pumps, BWR
plants, 9.285
fuel systems, engines, 6.61
fuels
aircraft fuel pumps, 9.415
gas turbines, 6.91
full-convolution bellows seals, 2.214
fully stratified slurries, 9.323, 9.335
fundamental shaft frequency
pressure pulsations, 8.105
fungicide transfer systems, 9.442
FVNR starters (full voltage
nonreversing), wound-rotor
induction motors, 6.111
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G

gain, control valves, 7.21
galling resistance of alloys, 5.30-5.34
galvanic corrosion, 5.6-5.7,9.119
gaps, sealless magnetic drive
pumps, 2.299
gas turbines, 6.89
acoustic treatments, 6.93
brake horsepower, 6.96
Brayton cycle, 6.89
closed-cycle, 6.90
combined cycle, 6.90
control systems, 6.94
design temperatures, 6.91
emissions, 6.93
environmental issues, 6.91
filtration inlets, 6.94
fuel oil marine pumps, 9.227
fuel sources, 6.91
Joule cycle, 6.89
lubricating oil marine
pumps, 9.227
lubrication, 6.94
noise, 6.93
open-cycle, 6.90
pipeline service, 6.95
pump applications, 6.94—6.96
rolling media filters, 6.94
single-shaft, 6.90
split shaft, 6.90
split-shaft conventional, 6.90
standards, 6.91
starting systems, 6.94
gas-charged dampeners,
displacement pumps, 3.69
gaseous fuel systems, engines, 6.61
gaskets, chemical pumps, 9.121
gasoline transfer systems,
6.61,9.443
gate control valves, 7.16
gear food/beverage pumps, 9.190
gear pumps, 3.123, 3.127
gear reducers, 6.152
adjustable-speed belt drives, 6.169
alignment, 6.160

INDEX

efficiencies, 6.153
foundations, 6.160
leveling, 6.160
power ranges, 6.153
ratios, 6.153
speeds, 6.153
geared steam turbines, 6.39
gears
carburizing, 6.150
continuous-tooth herringbone
gears, 6.146
couplings, 6.160
double helical gears, 6.146
epicyclic gear units, 6.159
flame hardening, 6.150
grease lubrication, 6.161
helical ge ars, 6.144-6.146
hypoid-bevel gears, 6.148
induction hardening, 6.149
installing, 6.159
lubrication, 6.160—6.161
minimizing
dimensions, 6.150
noise, 6.151
nitriding, 6.149
oil seals, 6.161
packaged gear drives, 6.152
parallel-shaft gears, 6.144
pump drives, 6.143
spiral-bevel gears, 6.147
spur gears, 6.144
straight-bevel gears, 6.147
through hardening, 6.149
troubleshooting, 6.161-6.164
worm gears, 6.148
zero-bevel gears, 6.147
general corrosion, 5.4
general purpose eductors, 4.30-4.32
generator motors, pumped
storage, 9.262
geothermal water, salinity, 5.37
gerotor pumps, 3.129
gland plates
seals, 2.220
stuffing boxes, 2.186
globe control valves, 7.15
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governors
pumped storage systems, 9.270
single-stage steam turbines, 6.41
steam turbines, 6.41
graphite corrosion, 5.4-5.5
grease
ball bearing lubricant, 2.153
gear units, 6.161
oil lubricant, 2.152
grease seals, sewage pumps, 2.144
green liquor, paper mill
pumps, 9.164
ground acceleration, seismic nuclear
pumps, 9.303
groundwater
salinity, 5.37
pumps, 9.3-9.4
well pumps, 9.21
groundwood pulp, 9.159
grouting, 12.8
guarded enclosures, electric
motors, 6.15
GVF's (gas void fractions), screw
pumps, 3.118

H

half-convolution bellows seals, 2.214
handholes, casings, 2.107
Hazen-Williams formula, 8.34-8.36
head
area meters, 13.18
capacity curves
sewage systems, 9.39
steam power plants, 9.85
centrifugal pumps, 2.328
measuring, 13.27-13.28
Bourdon gages, 13.35
differential mercury gages, 13.34
mercury gages, 13.34
water gages, 13.33
pool-to-pool, drainage/irrigation
pumps, 9.48

pumping systems, 8.5
units of measure, 13.3
head losses, 8.64
bar racks, 8.73
metering systems, 8.66
perforated plates, 8.73
pumping systems, 8.32
pipe frictional losses, 8.34,
8.39, 8.42-8.48
screens, 8.70
throttling orifices, 8.77
wire mesh screens, 8.71
heat balancing, bearings,
2.263-2.266
heat exchangers, engines, 6.66
heat of compression, centrifugal
pumps, 2.11
heat recovery distillation
pumps, 9.235
heat removal, seals, 2.203
heater drain pumps, 9.103-9.104
heating jackets, rotary pumps, 3.125
helical gears, 6.144-6.146
herbicide transfer systems, 9.442
heteropolar magnetic bearings,
2.282, 2.285-2.288
high head systems,
waterhammer, 8.93
high purity water, erosion
corrosion, 5.35
high specific speed centrifugal
pumps, 2.364
high viscosity uses, rotary
pumps, 3.132
high-energy pumps, 2.71-2.72
blade-vane combinations,
2.76-2.77
cavitation
backflow, 2.86
erosion, 2.71, 2.88
instabilities, 2.87
pressure pulsations, 2.87
energy level measurements, 2.71
fluid/structure interactions, 2.74
high-energy domains, 2.72
low energy domains, 2.74
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MCSF (minimum continuous
stable flow), 2.80, 2.84
NPSH life prediction, 2.90
pressure pulsations, 2.71
recirculation, 2.78-2.79
suction specific speed, 2.84-2.85
torque per unit volume, 2.72-2.73
high-head mining pumps, 9.208
high-pressure core spray pumps,
BWR plants, 9.285
high-service pumps, water treament
plants, 9.19
homogeneous slurries, transport
systems, 9.344-9.345
homopolar magnetic bearings,
2.282, 2.289-2.290
horizontal condensate pumps, 9.96
horizontal eddy current
couplings, 6.103
horizontal shaft pumps, standard
datum, 2.328
horizontal shafts
pumps, 2.99
turbines, 6.80
horizontal wound-rotor induction
motors, 6.114
horizontally split casings, 2.102
hot alignment of pump and
driver, 2.414
hot water pumps, 9.253
air ventilation, 9.254
circulation marine pumps, 9.236
types, 9.254-9.255
housings
composite pumps, 5.53
hydrokinetic drives, 6.128
hydroviscous drives, 6.133
hubs
centrifugal pumps, profiles,
2.31-2.33, 2.62
impellers, 2.118
hybrid bearings, 2.257
hydraulic balancing devices,
2.129, 2.131
balancing disks, 2.130

INDEX

balancing drums, 2.129
predetermined thrust
direction, 2.130
hydraulic conditions, mining pumps,
9.207-9.208
hydraulic couplings. See
hydrokinetic drives.
hydraulic design, slurry
pumps, 9.353
hydraulic efficiency, centrifugal
pumps, 2.334
hydraulic geometry, centrifugal
pumps, 2.21
hydraulic gradient
equivalent fluid slurries, 9.324
non-Newtonian flows, 9.325
non-Newtonian slurries, 9.325
open channels, 8.41
pumping systems, 8.12
hydraulic horsepower, rotary
pumps, 3.145
hydraulic instabilities, 2.438
hydraulic presses, 9.463
operating pressures, 9.466
reciprocating pumps, 9.464-9.465
hydraulic pumps, power
transmission systems,
6.191-6.192
hydraulic starters, engines, 6.71
hydraulic submersible centrifugal oil
well pumps, 9.395-9.396
hydraulic system marine
pumps, 9.231
hydraulic transients, pumped
storage, 9.263-9.264
hydraulic turbines, 6.77-6.79
cavitation, 6.83
flow units, 6.80
power shafts, 6.80
runners, 6.82
torque, 6.86
hydraulic water pumps
applications, 6.193
efficiency, 6.197
fixed water flow, 6.195



performance curves, 6.197
variable water flow, 6.196

hydraulic-motor-driven submersible

pumps, 9.246

hydraulically actuated diaphragm

metering pumps, 9.315
hydraulically actuated piston
metering pumps, 9.315
hydraulically driven diaphragm
pumps, 3.89, 3.91
hydraulics, 2.9
hydrocarbons, corrosion, 5.38
hydrochloric acid chemical
pumps, 9.117
hydrodynamic bearings, 2.135
canned motor pumps, 2.317
electric motors, 6.18
hydrodynamic drives, 6.132
capacitance, 6.135
response speeds, 6.138
hydrogen embrittlement, 5.9
hydrokinetic drives, 6.127-6.128
bearings, 6.129
capacitance, 6.134
casings, 6.129
housing, 6.128
manifolds, 6.130
oil coolers, 6.129
oil pumps, 6.129
response speeds, 6.136
rotors, 6.129
scoop tubes, 6.129
shafts, 6.129
hydrostatic drives, 6.134
hydrostatic tests, 2.111
hydroviscous drives
capacitance, 6.136
disks, 6.134
housing, 6.133
oil coolers, 6.134
oil pumps, 6.134
pistons, 6.134
response speeds, 6.138
rotors, 6.134
hypoid-bevel gears, 6.148
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IGBTSs (insulated gate bipolar
transistors), electric
drives, 6.109
ignition systems, engines, 6.72
imbalance loads, magnetic
bearings, 2.282
impeller rings, 2.119
radial pins, 2.123
restricting movement, 2.123
impellers, 2.97, 2.114
axial flow, 2.113
axial thrust, 2.124-2.125
blades, centrifugal pumps, 2.64
centrifugal pumps, 2.29
diffusion effects, 2.15
increasing speed, 2.334
reducing diameter, 2.338-2.339
reversed installation, 2.382
closed, 2.115
double-suction, 2.113
eyes, centrifugal pumps, 2.29
Francis-vane, 2.113
Francis-vane radial, 2.113
hubs, 2.118
hydraulic unbalance, 2.433
inlets, centrifugal pumps,
2.58-2.59
inspection ports, 2.120
leakage joints, 2.118
materials of construction,
5.26-5.27
mixed-flow, 2.113
open, 2.115
opposed, 2.128
optimum diameter, 1.5
outlets, centrifugal pumps, 2.59
overhung, 2.113,2.118
pump-out vanes, 2.115
radial vane, 2.113
recessed, 2.168
semiopen, 2.115
single-suction, 2.113
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slurry pumps, 9.357
straight-vane radial, 2.113
suction eye, 2.118
unbalanced, 2.432
vanes, frequency pressure
pulsations, 8.106
vertical turbine pumps, 2.165
wearing rings, 2.118
impulse loads, oil well pumps, 9.383
impulse stage, steam turbines, 6.39
impulse turbines, 6.78-6.79
runners, 6.79
sizes, 6.83
in-line gas dampeners,
displacement pumps, 3.69
inadequate NPSH, displacement
pumps, 3.63
inboard bearings, 2.149
inboard-end pumps, 2.107
inclined flows, slurries, 9.342
inclined shaft turbines, 6.80
incorrect driver rotation, centrifugal
pumps, 2.382
index tests, 13.2
inducers, 2.113-2.114, 2.358
induction hardening, gears, 6.149
industrial uses, composite
pumps, 5.58
industrial water usage, 9.5
inert gas marine pumps, 9.248
inertial head, pumping systems,
8.22-8.24
inhibitors, solutions, 9.115
injection flow systems, 2.241-2.242
control valves, 2.245
drain lines, 2.245
dual strainers, 2.245
injection sources, 2.244
injection-type shaft seals,
2.239-2.240
injectors, 4.23
inlet blades, centrifugal pumps, 2.34
inlet pressure, rotary pumps, 3.134
inlet vane, vertical turbine
pumps, 2.164

inlet velocity diagrams, centrifugal
pumps, 2.64
inlets, gas turbines, 6.94
inner magnet encapsulation, sealless
magnetic drive pumps, 2.304
input power, rotary pumps, 3.145
input speeds, adjustable-speed belt
drives, 6.168
insecticide transfer systems, 9.442
inserts, slurry pumps, 5.44
inside-mounted seals, 2.208
inspecting equipment, 12.16-12.17
inspection checklists, RFQs, 11.17
inspection ports, wearing ring
clearance, 2.120
instabilities, high-energy pump
cavitation, 2.87
installing pumps
alignment, 12.3, 12.7
canned motor pumps, 2.321
compound pressure gages, 12.12
continuous coil packing, 2.193
dial indicators, 2.418
discharge piping, 12.9
expansion joints, 12.10
flow metering devices, 12.12
foundations, 12.3
gears, 6.159
grouting, 12.8
magnetic bearings, 2.291
relief valves, 12.11
rotary pumps, 3.133
screw pumps, 3.119
suction piping, 12.8
suction strainers, 12.10
surge chambers, 12.12
vents, 12.11
warm-up flow piping, 12.11
installing seals, 2.228
instrumentation, 12.12, 13.8
insulation
composite pumps, 5.50
electric motors, 6.18-6.19
intakes, 10.3
can pumps, 10.26



INDEX .25

cooling tower systems, 10.8
cooling water, 10.5
designing, 10.42
approach channel, 10.46
model scale, 10.46
screens, 10.47
Froude scaling, 10.45
insufficient NPSH, 10.42
loss coefficients, scale
models, 10.50
model similitude, 10.44
once through, 10.5
prerotation, 10.42
preventing fish from entry,
10.18-10.21
similarity of vortices, 10.45
submergence levels, 10.25
swirl, 10.42
velocity caps, 10.18
vortices, 10.39
integral eddy current
couplings, 6.103
integral relief valves, rotary
pumps, 3.125
intergranular corrosion, 5.10,9.119
interior suction pressure, rotary
pumps, 3.144
intermediate leakoff flow control
systems, 2.243-2.244
intermeshing rings, 2.119
internal axial velocity limits, screw
pumps, 3.109
internal clearances, canned motor
pumps, 2.318
internal combustion engines.
See engines.
internal gear pumps, 3.127
internal static pressure distribution,
centrifugal pumps, 2.16
internal vane pumps, 3.126
Internet-based vendor
communication, 11.35
interstage diaphragms, 2.108
interstage passages, multistage
pumps, 2.108

interstage shaft sleeves, 2.136
irrigation pumps, 9.46
capacities, 9.48
discharge systems, 9.49-9.51
multiple pumps, 9.47
pool-to-pool head, 9.48
propeller, 9.53
total suction head, 9.52
total suction lift, 9.52
turbines, 9.52
valves, 9.48
volute, 9.52
isentropic bulk modulus,
displacement pumps,
3.66-3.67
isothermal bulk modulus,
displacement pumps, 3.67

J-K

jacket water circulating pumps,
diesel generators, 9.229
jet compressors, 4.23
jet pumps, 4.23
applications, 4.20
BWR plants, 9.283
compressible flow case
solutions, 4.8
eductors, 4.24-4.25
applications, 4.30
NPSH, 4.27
performance, 4.30
equations, 4.7
flow regimes, 4.5-4.6
jet losses, 4.8
operating conditions, 4.20
pump efficiencies, 4.8
siphons, 4.43
See also LJL jet pumps; LJG jet
pumps; LJGL jet pumps.
jockey pumps, fire protection
systems, 9.58
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Joule cycle, gas turbines, 6.89
journal bearings
critical mass, 2.270-2.271
cross coupling, 2.267
cylindrical bearings, 2.254
with axial grooves, 2.255
elliptical bearings, 2.255
fluid film bearing cavitation, 2.248
heat balancing, 2.263-2.266
hybrid bearings, 2.257
lobe bearings, 2.255
lubrication, 2.248
performance plots, 2.259-2.260
rotor whirl, 2.266
spring coefficients, 2.267
stability, 2.270-2.273
analyses, 2.268
tilted pad bearings, 2.256
turbulence, 2.252
viscous drag losses, 2.253
kinematic viscosities, 8.33
Kingsbury-type bearings, electric
motors, 6.18
Kraemer drives, 6.122

L

L-type wearing rings, 2.119
labyrinth wearing rings, 2.119
lake water pumps, 9.259
laminar flow, 8.32
non-Newtonian slurries, 9.325
scaling, 9.329
Langelier Index, 5.4
lantern rings, 2.186
packing, 2.141
rotary pumps, 3.124
sealing liquids, 2.141
lawn services systems, 9.444
leaded bronze, impellers, 5.26
leading edge lockup, 2.257
leakage, 2.207
compression packings, 2.187
screw pumps, 3.101

leakage joints
casing cover rings, 2.118
casing eings, 2.118
impellers, 2.118
radial clearance, 2.122
relief chambers, 2.119
suction head rings, 2.118
leakoff fluid drives, 6.131
length of mixing throat, LJL
pumps, 4.14
level controls, sewage systems, 9.41
leveling gear reducers, 6.160
leveling pumps, 12.4, 12.7
life cycle cost evaluations, RFQs,
11.13,11.15
lifetimes of pumps, 5.3
lift mechanisms, non-contacting gas
lubricated seals, 2.222
lime slurries, paper mill
pumps, 9.164
limited end float, couplings, 6.182
limited storage constant speed
multipump water booster
systems, 9.456
limiting stage pressure rise,
high-energy pumps, 2.72
line bearings, 2.149
lined composite pumps, 5.53
liners, slurry pumps, 5.44, 9.365
liquid cylinders, reciprocating
pumps, 3.37
liquid end
power pumps, 3.22
reciprocating pumps, 3.37
steam pumps, 3.47
diameter, 3.56
piston type, 3.47-3.48, 3.51
plunger type, 3.53
valves, 3.52
liquid horsepower, rotary
pumps, 3.145
liquid jet pumps
compressible flow case
solutions, 4.8
equations, 4.7
flow regimes, 4.5-4.6



jet losses, 4.8
pump efficiencies, 4.8
liquid level sensors, 7.4-7.6
liquid noise sources, 8.110-8.111
liquid rheostat controls,
wound-rotor induction
motors, 6.112-6.113
liquid rocket propellant pumps,
9.431-9.432,9.437
liquid viscosity, petroleum pumps,
9.150-9.154
liquid-plunger separation, power
pumps, 3.18
liquor pumps, paper mills, 9.162
LJG jet pumps (liquid-jet gas)
compressible flow, 4.8
flow regime, 4.6
LJGL jet pumps (liquid-jet gas
liquid)
compressible flow, 4.8
flow regime, 4.6
flow cutoff, 4.8
LJL jet pumps (liquid-jet liquid)
area ratios, 4.16
cavitation, 4.11
limited flow ratios, 4.15, 4.19
centrifugal pump interaction, 4.19
equations, 4.9-4.10
flow performance, 4.15
flow ratios, reducing to curb
cavitation, 4.17
flow regimes, 4.6
friction loss coefficients, 4.12
longitudinal dimensions, 4.14
mixing throats, 4.14
nozzle throats, 4.14
nozzle to throat area ratio, 4.12
operating flow ratio, 4.11
primary flow nozzles, 4.14
straight line approximation, 4.14
throat inlets, 4.15
LNG cryogenic pumps (liquefied
natural gas), 9.404-9.405
load handling, magnetic
bearings, 2.282
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load reduction, boiler feed pumps,
9.79-9.81
load stress, seismic nuclear
pumps, 9.310
loads, vertical pump
foundations, 2.175
lobe bearings, 2.255, 2.259
lobe pumps, 3.123, 3.128-3.129
lobe rotor food/beverage
pumps, 9.190
locating pumps in the field, 12.3
locks, screw pumps, 3.101
Lomakin effect, 2.135
longitudinal dimensions, LJL
pumps, 4.14
losses, centrifugal pumps, 2.11
low flow protection systems, 2.441
low flow rates, 2.438
low head systems,
waterhammer, 8.93
low lift pumps, water treatment
plants, 9.16
low lubricity fuels, aircraft fuel
pumps, 9.429
low specific speed centrifugal
pumps, 2.361-2.362
low-energy domains, high-energy
pumps, 2.74
low-pressure core spray pumps,
BWR plants, 9.285
LPG cryogenic pumps (liquefied
petroleum gas), 9.150,
9.404-9.405
lubricating oil pumps, 9.225
diesel generators, 9.229
diesel marine pumps, 9.227
steam turbogenerators, 9.228
transfer marine pumps, 9.230
lubrication
bearings, 2.152
gas turbines, 6.94
gear units, 6.160—6.161
gears, bearings, 6.161
journal bearings, 2.248
power pumps, 3.34
refrigeration pumps, 9.260
single-stage steam turbines, 6.41
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M

magnet blocks, sealless magnetic
drive pumps, 2.303
magnetic bearings, 2.277-2.278
active, 2.282
backup systems, 2.279
catcher bearings, 2.279, 2.284
designing, 2.285
diagnostics, 2.291
feedback systems, 2.278-2.279
heteropolar, 2.285-2.288
homopolar, 2.289-2.290
imbalance loads, 2.282
installing, 2.291
pump operation, 2.292
reduced power consumption, 2.281
reliability, 2.281
rotors
clearances, 2.282
dynamics, 2.281-2.283
stators, sizing, 2.284
transfer function, 2.283
transient loads, 2.283
tuning, 2.291
unit load capabilities, 2.284
user interfaces, 2.292
magnetic drive pumps, 2.179, 2.297
magnetic starters, electric
motors, 6.27
main bearings, power pumps, 3.33
main circulating pumps, marine
plants, 9.223
main condensate pumps, marine
plants, 9.220-9.223
main coolant pumps, BWR plants,
9.287,9.290
main fuel pumps, aircraft fuel
systems, 9.416-9.417,
9.420-9.422,
9.425,9.427
maintenance
annual inspections, 12.17
chemical pumps, 9.122
daily observation of pump
operation, 12.16
engines, 6.60
metering pumps, 9.318

overhauls, 12.17
semiannual inspections, 12.16
site location, 12.2
solids pumps, 9.376
spare parts, 12.19
manifolds
hydrokinetic drives, 6.130
power pumps, 3.27
Manning formula, 8.41
manual injection flow systems, 2.242
manual starters, electric
motors, 6.27
marine pumps, 9.215
air conditioning chilled
water, 9.236
ballast pumps, 9.234
bilge pumps, 9.232
condenser exhausting
pumps, 9.223
deep well cargo, 9.242-9.243
diesel, 9.226
electric-motor-driven submersible
pumps, 9.246
exhaust gas boiler, 9.231
fire prevention, 9.231-9.232
flash distilling, 9.234
freshwater
cooling, 9.230
drain collecting tank
pumps, 9.223
fuel oil diesel, 9.225-9.229
gas turbine fuel oil, 9.227
gas turbine lubricating oil, 9.227
heat recovery distillation, 9.235
hotwater circulation, 9.236
hydraulic system, 9.231
hydraulic-motor-driven
submersible pumps, 9.246
inert gas, 9.248
liquid cargo transfer,
9.237-9.238, 9.241
lubricating oil diesel, 9.225-9.227
lubricating oil transfer, 9.230
main circulating pumps, 9.223
main condensate pumps,
9.220-9.223
potable water, 9.235



propulsion, 9.216
bearings, 9.219
constant differential pressure
governors, 9.220
constant pressure
governors, 9.219
relief valves, 9.220
seals, 9.219
reciprocating cargo, 9.248
rotary cargo, 9.248
sanitary uses, 9.236
seawater service, 9.230
sewage, 9.236
stern-tube lubricating oil, 9.231
tank cleaning, 9.249
waste heat, 9.231
Martensitic stainless steel
casings, 5.29
impellers, 5.27
shafts, 5.30
stress corrosion cracking, 5.7
wear rings, 5.31
material flexible couplings, 6.178
materials of construction, 5.3-5.4
casings, 5.28-5.29
chemical pumps,
9.115-9.116,9.121
composite pumps, 5.60
fire pumps, 9.63-9.68
impellers, 5.26-5.27
mining pumps, 9.206
nuclear pumps, 9.299
packings, 2.187-2.188
pipeline pumps, 9.145-9.147
pump selection, 11.8
pumps, 5.32, 5.35
refinery pumps, 9.142
rotary pumps, 3.125
seals, 2.227
shafts, 5.29-5.30
slurry pumps, 5.43-5.44
solids pumps, 9.371
steam pumps, 3.45-3.47
water pressure booster
systems, 9.461
wear rings, 5.30
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mating rings, contacting liquid
lubricating seals, 2.199
maximum demand, water supply
systems, 9.5
maximum speed rise, steam
turbines, 6.45
MCSF (minimum continuous stable
flow), high-energy pumps,
2.80, 2.84
measuring elements, 7.4
measuring noise, 8.122-8.124
mechanical efficiency
centrifugal pumps, 2.50, 2.334
power pumps, 3.6, 3.19
rotary pumps, 3.146
steam pumps, 3.57
mechanical friction power, rotary
pumps, 3.145
mechanical load, 2.438
mechanical noise sources, 8.110
mechanical notches, reducing
fatigue, 5.23
mechanical performance
alignment, 2.412-2.417
centrifugal pumps, 2.405
critical speed, 2.409
defective bearings, 2.406
multistage boiler feed
pumps, 2.410
mechanical properties, composite
pumps, 5.49-5.50, 5.54
mechanical seals, 2.148
chemical pumps, 9.122
rotary pumps, 3.124
slurry pumps, 9.357
mechanically actuated diaphragm
metering pumps, 9.314
mechanically driven diaphragms
pumps, 3.85-3.87
mechanically flexible couplings,
6.176-6.177
medium specific speed centrifugal
pumps, 2.364
mercury gages, measuring
head, 13.34
metal disk couplings, 6.178
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metal-chain belt
transmissions, 6.171
metallic construction materials for
pumps, 5.3-5.4
metallic packing, 2.188
meter differential pressure, 8.77
meter loss of head, 8.77
metering pumps, 9.313
calibration, 9.317
capacity controls, 9.317
hydraulically actuated diaphragm
type, 9.315
hydraulically actuated piston
type, 9.315
maintenance, 9.318
mechanically actuated diaphragm
type, 9.314
packed plunger type, 9.313
microbiologically-induced
corrosion, 5.10
Miller number index, slurry
particulate abrasiveness,
5.20
minimizing gear dimension, 6.150
minimizing gear noise, 6.151
minimum flow control systems
automatic bypass systems,
2.441-2.443
continuous bypass systems, 2.441
control loop bypass systems, 2.442
design factors, 2.439
See also flow control.
minimum polished rod load, oil well
pumps, 9.384
minimum pump flow
requirements, 2.438
mining pumps
automatic controls, 9.211
drivers, 9.212
float mounted, 9.201-9.203
hydraulic conditions, 9.207-9.208
materials of construction, 9.206
NPSH, 9.198-9.199
pressure pulsations, 9.209
pumping conditions, 9.197-9.198
sumps, 9.209-9.210

INDEX

system design, 9.205
waterhammer analysis, 9.208
minor losses, pumping systems, 8.53
mixed-flow impellers, 2.113
axial thrust, 2.127
centrifugal pumps, reducing
diameter, 2.339
mixing eductors, 4.33
mixing throats, LJL pumps, 4.14
modal analysis, seismic nuclear
pumps, 9.303
model similitude, intake
design, 10.44
model testing, 13.2, 13.39-13.40
noise reduction, 8.124
suction pits, 10.22
modeling intakes, 10.42-10.47
modified Kraemer drives, 6.122
modulating control systems, 7.2
moments of forces, centrifugal
pumps, 2.13
Moody-Staufer formula, centrifugal
pumps, 2.383
motion equations, electric
motors, 6.23
motor sheaves, 6.171
motor speeds, aircraft fuel
pumps, 9.414
motor-driven pumps, 3.87
motor-generated exciters,
synchronous motors, 6.7
motors
electric. See electric motors.
failures due to waterhammer,
8.95-8.96
mounting wearing rings, 2.122
mud eductors, 4.36
mufflers, engines, 6.70
multinozzle eductors, 4.38
multiphase uses, screw pumps, 3.117
multiple consecutive pumps, 2.107
multiple orifice in series control
valves, 7.18
multiple origin high cycle
fatigue, 5.25
multiple pump systems, total
head, 8.16
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multiple screw pumps, 3.99
multiple seals, 2.208
multiple spring seals, 2.211
multiple-convolution bellows
seals, 2.214
multipump systems
dry pit, 10.11-10.12
piping, 10.30
multistage boiler feed
pumps, mechanical
performance, 2.410
multistage pumps, 2.99
axial thrust, 2.128
casings, 2.107,2.110
interstage passages, 2.108
steam turbines, 6.39, 6.47

N

Natural frequencies, seismic nuclear
pumps, 9.304, 9.308
Net inlet pressure, rotary
pumps, 3.145
Net plunger stroke, oil well
pumps, 9.385
Newtonian liquids, 8.33
Ni-Resist iron, casings, 5.29
Nitric acid chemical pumps, 9.117
Nitriding gears, 6.149
Nitronic alloys, wear rings, 5.32
Noise, 8.109
cavitation, 8.111-8.113
control techniques
airborne noise, 8.117-8.122
controlling noise paths,
8.115-8.116
source modification, 8.113-8.114
exposure limits, 8.124
flashing, 8.113
gas turbines, 6.93
gears, 6.151
liquid sources, 8.111
measuring, 8.122-8.124

mechanical sources, 8.110
rotary pumps, 3.134
screw pumps, 3.120
Noise data sheets, RFQs,
11.19-11.20
Non-asbestos packing, 2.188
Non-contacting gas lubricated
cryogenic seals, 2.227
Non-contacting gas lubricated seals,
2.198, 2.221-2.222
Non-drive-end pumps, 2.107
Non-Newtonian flows
hydraulic gradient, 9.325
rheograms, 9.326
turbulent flows, 9.327
Non-Newtonian fluids
rotary pumps, 3.136
screw pumps, 3.113-3.114
Non-Newtonian slurries
hydraulic gradient, 9.325
laminar flow, 9.325
Non-recirculating flows, centrifugal
pumps, 2.46
Nonaerated solutions, 9.114
Nonclog sewage pumps, 9.29
Nonmetallic chemical pumps, 9.124
Nonpusher seals, 2.214
Nonreverse ratchets, waterhammer
prevention, 8.102
Nonseismic nuclear pumps, 9.301
Nozzle rings, 2.119
Nozzle throats, LJL pumps, 4.14
Nozzle to throat area ratio, LJL
pumps, 4.12
Nozzles, 2.106
NPSH (net positive suction head),
2.16-2.17,2.224,3.111
boiler feed pumps, steam power
plants, 9.78-9.79
centrifugal pumps, 2.25,
2.349-2.351, 2.355
displacement pumps,
inadequacies, 3.63
eductors, 4.27
high-energy pumps, life
prediction, 2.90
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losses, 10.42
mining pumps, 9.198-9.199
piping losses, 10.30
screw pumps, 3.110-3.112
units of measure, 13.5
water supply systems, 9.12
NPSHA (Net positive suction head
available), 3.63, 2.397
NPSHR (NPSH required), 2.398
Nuclear pumps, 9.279
classes, 9.294
design issues, 9.293-9.294
materials of construction, 9.299
nonseismic, 9.301
SSEs (safe shutdown
earthquakes), 9.301, 9.306
types, 9.291
working pressures, 9.87

(o)

O rings, sleeves, 2.138
ocean inlets, once through
intakes, 10.5
oil
ball bearing lubricant, 2.153
bearing lubricant, 2.152
field brines and salinity, 5.37
oil coolers
hydrokinetic drives, 6.129
hydroviscous drives, 6.134
oil pumps
hydraulic presses, 9.464
hydrokinetic drives, 6.129
hydroviscous drives, 6.134
oil seals
gear units, 6.161
sewage pumps, 2.144
oil well pumps
artificial lift, 9.377
counterbalance, 9.386
electric submersible
centrifugal, 9.393

INDEX

hydraulic submersible
centrifugal, 9.395-9.396
impulse load, 9.383
installation calculations, 9.382
minimum polished rod load, 9.384
net plunger stroke, 9.385
peak polished rod load, 9.384
peak torque, 9.384
plungers
fluid weight, 9.382
overtravel, 9.384
polished rod power, 9.384
rod weights, 9.383
subsurface hydraulic, 9.386-9.387
subsurface progressing
cavity, 9.392
subsurface reciprocating hydraulic,
9.390-9.391
sucker rod, 9.378
stretch, 9.385
torque ratings, 9.382
tubing shrink, 9.385
oil-ring lubrication system, single-
stage steam turbines, 6.41
on-off control systems, 7.2-7.3, 7.9
once through intakes, ocean
inlets, 10.5
one-dimensional model, magnetic
bearing design, 2.285
open channels, frictional head
losses/hydraulic
gradients, 8.41
open cycles, steam power plants, 9.75
open drip-proof enclosures, electric
motors, 6.15
open enclosures, electric motors, 6.15
open ended branch-line pumping
systems, 8.84—-8.86
open externally vented enclosures,
electric motors, 6.15
open impeller pumps, casings, 2.104
open impellers, 2.115
open pipe vented enclosures,
electric motors, 6.16
open-cycle gas turbines, 6.90
open-loop controls, 7.3



INDEX

operating
centrifugal pumps, 12.13-12.14
costs
displacement pump flow
control, 3.78
steam turbines, 6.52
jet pumps, 4.20
magnetic bearing pumps, 2.292
requirements
fluid types, 11.2
system head curves, 11.2-11.3
scale models, 10.49
speeds
rotary pumps, 3.150-3.151
sewage systems, 9.38
temperatures
chemical pump seals, 9.122
composite pumps, 5.50
testing pumps, 13.8-13.9
operating basis earthquakes, seismic
nuclear pumps, 9.304
operating envelope
non-contacting gas lubricated
seals, 2.222
seals, 2.207
operating flow ratio, LJL
pumps, 4.11
operating frequency, sewage
systems, 9.38
operating pressures, hydraulic
presses, 9.466
opposed impellers, 2.128
optimum geometry, pumps, 1.4
organic acid chemical pumps, 9.117
organic compound chemical
pumps, 9.118
orifice issues, bypass systems, 2.448
orifice meters, 2.449, 13.17
origins of pumps, 1.2
OTI volume (open-to-inlet), rotary
pumps, 3.123
OTO volume (open-to-outlet), rotary
pumps, 3.123
outboard bearings, 2.149
outboard-end pumps, 2.107
outer impeller hubs, 2.118
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outer magnet encapsulation, sealless
magnetic drive pumps, 2.305
outlet blades, centrifugal pumps,
2.34-2.35
outlet discharge pressure, rotary
pumps, 3.144
outlet pipes, suction tanks,
submergence, 10.25
outlet velocity diagrams, centrifugal
pumps, 2.64
output torque, adjustable-speed belt
drives, 6.172
outside-mounted seals, 2.208
overall efficiency, 2.329, 3.146
overfiling vanes, centrifugal
pumps, 2.343
overhauling pumps, 12.17
overhung impellers, 2.113, 2.118
axial thrust, 2.126
sleeves, 2.138
overpressure fire pumps, 9.58
oversizing shaft at impeller, 2.135
overspeed trip system
single-stage steam turbines, 6.41
steam turbines, 6.46
OWS (oily-water separator), 9.234
oxygen pumps, liquid rocket
propellant pumps, 9.432

P

packaged gas turbine drivers, 6.95
packaged gear drives, 6.152
packed plunger metering pumps,
9.313
packing glands, 2.147
packing rings, 2.184
packing seals, 2.183
packings
abrasives, 2.192
air leakage, 2.192
chemical pumps, 9.122
coefficients of friction, 2.187
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compression, 2.184
continuous coil, 2.193
lantern rings, 2.141
materials used, 2.187-2.188
power pumps, 3.26
pressure issues, 2.190-2.191
rotary pumps, 3.124
sleeves, 2.138
slurry pumps, 9.357
temperature issues, 2.192
packless stuffing boxes, 2.239
Pamgren-Miner cumulative damage
law, 5.26
paper mill pumps, 9.159, 9.182
black liquor, 9.163-9.164
bleach liquors, 9.164
blow tank discharge, 9.163
capacities, 9.175
chlorine dioxide, 9.165
digester circulating, 9.181
efficiencies, 9.180-9.181
foul condensate, 9.166
green liquor, 9.164
lime slurries, 9.164
liquors, 9.162
piping, 9.167

friction losses, 9.170-9.173,

9.177-9.179

slurries, 9.162
steaming out process, 9.181
stock, 9.166
stock pumps, 9.167
wash liquors, 9.165
water pumping, 9.161
white liquor, 9.162

INDEX

particle impact wear, slurry
pumps, 9.364
particulates, 5.19-5.20
peak polished rod load, oil well
pumps, 9.384
peak torque, oil well pumps, 9.384
pedestal bearings, 2.149
Pelton wheel turbines, 6.79
perforated plates, head losses, 8.73
performance
aircraft boost pumps, 9.414
centrifugal pumps, 2.24
condenser circulating
pumps, 9.105
direct acting steam pumps, 3.53
eductors, 4.30
electric motors, 6.21
LJL pumps, 4.15
pipeline pumps, 9.147
pumps, 5.3
refinery pumps, 9.141
rotary pumps, 3.147-3.149
screw pumps, 3.109
seals, 2.198
performance characteristic curves
centrifugal pumps, 2.18,
2.46, 2.334
axial thrust, 2.53-2.54
backward curved blades, 2.331
CFD, 2.51-2.52
forward curved blades, 2.332
mechanical efficiency, 2.50
non-recirculating flows, 2.46
non-viscous flow, 2.329-2.330
radial curved blades, 2.332
viscous flow, 2.331

volumetric efficiency, 2.50
hydraulic water pumps, 6.197
journal bearings, 2.259-2.260
performance troubleshooting, 2.397
peristaltic food/beverage
pumps, 9.193

pest control systems, 9.444
pesticide transfer systems, 9.442
petroleum pumps, 9.134

liquid viscosity, 9.150-9.154

transfer systems, 9.443

See also oil well pumps.

parallel misalignment, 2.228
parallel operations, centrifugal
pumps, 2.367-2.368
parallel pump bypass systems, 2.450
parallel water supply systems,
9.13-9.14
parallel-shaft gears, 6.144
parshall flumes, 13.23-13.24
partially stratified slurries, 9.322
deposition, 9.332
pressure gradients, 9.335-9.337



pharmaceutical pumps, 9.187-9.188
phosphoric acid chemical
pumps, 9.117
piezoelectric accelerometers, 2.422
pigment chemical pumps, 9.116
pilot-operated ARC valves, 2.444
pilotless trim design ARC
valves, 2.444
pipeline pumps, 9.142-9.143
materials of construction,
9.145-9.147
performance, 9.147
piping
bends, resistance coefficients, 8.65
discharge end, 12.9
displacement pumps
acoustic velocities, 3.64—-3.65
pulsation responses, 3.64
expansion joints, 12.10
fitting losses, 8.53
friction, 8.33-8.34
gas turbines, 6.95
manifold pumps, 10.29
multipump systems, 10.30
NPSH losses, 10.30
paper mill pumps, 9.167
friction losses, 9.170-9.173,
9.177-9.179
screens, 10.32
screw pumps, 3.119
sewage systens, 9.41
strainers, 10.32
strains, 12.9
suction end, 12.8
suction pits, 10.28-10.29
surge protection, 10.31
vents, 12.11
vibration problems, 10.31
displacement pumps, 3.70
warm-up flow, 12.11
piston food/beverage pumps, 9.193
piston type liquid ends, steam
pumps, 3.47-3.48, 3.51
pistons
engines, velocities, 6.59
hydroviscous drives, 6.134
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power pumps, 3.24
reciprocating pumps, 3.37
steam pumps, speeds, 3.55
pitot static tubes, 13.18
pitot tubes, 13.18
pitting
centrifugal pumps, 2.347
chemical pumps, 9.118
plain gland plates, 2.220
plant water pumps, water treatment
plants, 9.18
plunger type liquid ends, steam
pumps, 3.53
plungers
oil well pumps
fluid weight, 9.382
overtravel, 9.384
power pumps, 3.24
reciprocating pumps, 3.37
PM brushless DC motors
(permanent magnet),
6.10-6.12
pneumatic ejectors, raw sewage
pumps, 9.29
poises, 8.33
polished rod power, oil well
pumps, 9.384
pollutants, engines, 6.60
polymer chemical pumps,
9.115-9.116
pony rods, power pumps, 3.32
pool-to-pool head, drainage/irrigation
pumps, 9.48
portable drainage pumps, 9.47
positioners, control valve
actuators, 7.26
positive displacement pumps
acoustic filters, 3.68
bypass control, 3.78
diagnostics, 3.70-3.71
flow control, 3.75
operating costs, 3.78
pumps in series, 3.83
food/beverage, 9.190
gas-charged dampeners, 3.69
in-line gas dampeners, 3.69
inadequate NPSH, 3.63
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isentropic bulk moduli, 3.66-3.67
isothermal bulk moduli, 3.67
paper mill pumps, 9.181
piping system
acoustic velocities, 3.64—3.65
pulsation responses, 3.64
vibration, 3.70
positive pulsations, 3.64
power pumps, 3.3
pulsation control, 3.67
shaft failures, 3.73
side branch accumulators, 3.69
solids pumps, 9.369
speed changer controls, 3.76
starting/stopping, 12.15
suction valve unloading, 3.76-3.77
thermal problems, 3.72
troubleshooting, 3.63
potable water marine pumps, 9.235
power end
chemical pumps, 9.122
power pumps, 3.16, 3.28
power factors, electric motors, 6.26
power failures, 12.16, 2.376
power measurements, 13.35
power output, centrifugal
pumps, 2.329
power pumps, 3.3
antifriction pin bearings, 3.34
applications, 3.35
bhp, 3.4
break-away torque, 3.8
capacitance, 3.4
connecting rods, 3.31
crank pin bearings, 3.33
crankshafts, 3.28-3.29
crossheads, 3.32
crossways, 3.32
cylinder, 3.22
cylinder liners, 3.26
derating, 3.9
designing, 3.21-3.22
displacement, 3.4
eccentric straps, 3.31
frames, 3.28
liquid end, 3.22
liquid-plunger separation, 3.18

lubrication, 3.34
main bearings, 3.33
manifolds, 3.27
mechanical efficiency, 3.6, 3.19
packing, 3.26
pistons, 3.24
plungers, 3.24
pony rod, 3.32
power end, 3.16, 3.28
pressure, 3.4
pull rod, 3.33
pulsation, 3.10
pumping cycles, 3.10
relief valves, 3.35
rod load, 3.17
sleeve bearings, 3.33
slip, 3.5
stress limits, 3.23
stroke rate, 3.6
stuffing boxes, 3.25
torque, 3.8
unbalanced reciprocating parts
force, 3.18
unbalanced rotating parts
force, 3.19
valve covers, 3.28
valve dynamics, 3.14
valve spring rates, 3.16
valve springs, 3.16
valve stiction, 3.14
valves, 3.12-3.13, 3.15, 3.27
volumetric efficiency, 3.6-3.7
wrist pin bearings, 3.33
wrist pins, 3.31
power ranges, gear reducers, 6.153
power ratings
engines, 6.57-6.58
screw pumps, 3.116
power shafts
Francis turbines, 6.80
hydraulic turbines, 6.80
power transmission systems,
6.175-6.176,
6.191-6.192, 6.197
power-recovery turbines, 6.83
pre-bid meetings, 11.24
pre-rotation, 2.105-2.106



predetermined thrust direction,
hydraulic balancing
devices, 2.130
preoperation checks, centrifugal
pumps, 12.14
prerotation, 10.42, 10.50
pressure
chemical pump seals, 9.123
fully stratified slurry gradients,
9.335, 9.337
power pumps, 3.4
rotary pumps, 3.145
seal calculations, 2.200-2.201
screw pump capabilities, 3.103
water supply system
differential, 9.12
pressure head, pumping
systems, 8.5, 8.10
pressure losses, equivalent fluid
slurries, 9.323
pressure lubrication system, single-
stage steam turbines, 6.41
pressure pulsations, 2.403
fundamental shaft
frequency, 8.105
high-energy pumps, 2.71
cavitation, 2.87
impeller vane frequency, 8.106
mining pumps, 9.209
scroll case frequency, 8.107
pressure recovery, control
valves, 7.23
pressure rise, aircraft fuel pumps,
9.414-9.415
pressure sensors, 7.7
pressure temperature profiles,
canned motor pumps, 2.321
pressure transducers, 13.18
pressure velocity, seals, 2.202
pressure-reducing devices, 2.145
preventing unprimed pump
operation, 2.466
primary flow nozzles, LJL
pumps, 4.14
primary rings, contacting liquid
lubricating seals, 2.199
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prime movers, drainage/irrigation,
9.53
primers
centrifugal pumps, 2.359
sewage pumps, 2.464
priming
centrifugal pumps, 12.13
screw pumps, 3.120
priming chambers, 2.456
priming eductors, 4.41
priming ejectors, 2.458
priming inductors, 2.457
priming tanks, 2.465
profiles, discharge lines,
waterhammer, 8.93
progressing tooth gear pumps, 3.129
progressive cavity food/beverage
pumps, 9.190
progressive cavity pumps, 3.99
propeller drainage pumps, 9.46, 9.53
propeller irrigation pumps, 9.46, 9.53
propeller turbines, 6.79, 6.83
propellers, 2.113
proportional control systems, 7.3
proportioning pumps, 9.313
propulsion marine pumps, 9.216
bearings, 9.219
constant differential pressure
governors, 9.220
constant pressure governors, 9.219
relief valves, 9.220
seals, 9.219
propylene uses, composite
pumps, 5.57
PRVs (Pressure Reducing
Valves), 2.448
public water usage, 9.5
pull rods, power pumps, 3.33
pull-in torque, electric motors, 6.25
pulleys, 6.171
pullout pumps, 2.167
pulp mill pumps, 9.159
pulping process, 9.159-9.160
pulsation
displacement pumps, 3.67
power pumps, 3.10
responses, 3.64
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pump covers, rotary pumps, 3.124
pump data sheets, RFQs, 11.11
pump drives
adjustable-speed belt drives, 6.167
gear reduction, 6.169
input speed, 6.168
operations, 6.170
speed control, 6.169
V belts, 6.170
continuous-tooth herringbone
gears, 6.146
double helical gears, 6.146
gears, 6.143
helical gears, 6.144-6.146
hypoid-bevel gears, 6.148
parallel-shaft gears, 6.144
spiral-bevel gears, 6.147
spur gears, 6.144
straight-bevelgears, 6.147
worm gears, 6.148
zero-bevelgears, 6.147
pump efficiencies, jet pumps, 4.8
pump efficiency formula, 13.37
pump noise, 8.109
cavitation, 8.111-8.113
control techniques, 8.113
airborne noise, 8.117-8.122
controlling noise paths,
8.115-8.116
source modification, 8.113-8.114
exposure limits, 8.124
flashing, 8.113
liquid sources, 8.111
measuring, 8.122, 8.124
mechanical sources, 8.110
pump pits, cooling tower
systems, 10.6
pump power formula, 13.36
pump turbines, pumped
storage, 9.262
pump-out vanes, 2.115, 2.126
pumped storage systems, 9.261
conventional generation, 9.268
economic evaluation, 9.272, 9.275
generator motors, 9.262
governor times, 9.270

pump turbines, 9.262
pumping mode, 9.266
rotating spinning reserve, 9.269
surge tanks, 9.271
transient speeds, 9.263-9.264
pumping chamber, rotary
pumps, 3.124
pumping conditions, mining pumps,
9.197-9.198
pumping cycles, power pumps, 3.10
pumping mode, pumped
storage, 9.266
pumping stations, 9.148
sump, 9.54
superstructure, 9.54
water. See water supply systems.
pumping systems, 8.3-8.4
bar racks, head losses, 8.73
defining operation requirements
control systems, 11.4
fluid types, 11.2
operating modes, 11.3
pump type selection, 11.4, 11.7
system head curves, 11.2-11.3
deformation rates, 8.32
elevation head, 8.6
energy gradients, 8.12
equivalent head, 8.5
fluid characteristics, 11.7
friction, 8.32
frictional head losses, 8.41
head, 8.5
head losses, 8.32, 8.64
metering systems, 8.66
pipe frictional losses, 8.34, 8.39,
8.42-8.48
screens, 8.70
wire mesh screening, 8.71
hydraulic gradients, 8.12
incompressible liquids, 8.5
inertial head, 8.22—-8.24
kinematic viscosities, 8.33
laminar flow, 8.32
meter differential pressure, 8.77
meter loss of head, 8.77
minor losses, 8.53
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multiple pump systems, total
head, 8.16
perforated plates, head losses, 8.73
pipe bends, resistance
coefficients, 8.65
pipe friction, 8.33-8.34
pressure head, 8.5, 8.10
reverse-speed-torque, 8.20
shear stress, 8.32
siphon head, 8.25-8.31
starting against check valves, 8.20
starting against closed valves, 8.17
starting against open valves, 8.20
suction elbows, 8.66
system-head curves, 8.13
temperature variations, flow
rates, 8.77

throttling orifices, head losses, 8.77

total head, 8.6-8.9

turbulent flow, 8.32

valves, flow coefficients, 8.56-8.58,
8.62-8.63

variable static head, 8.15

variable system resistance, 8.16

velocity head, 8.5

pumping time variations, water
supply systems, 9.6
pumps

air conditioning. See air
conditioning pumps.

alignment, 12.3-12.4, 12.7

aircraft fuel, 9.409

ash handling, 9.111

axial thrust, 2.401

axially split, 2.99

backflow preventers, 2.143

bearings, 2.149

bedplates, 2.155

beverage. See beverage pumps.

boiler circulating, 9.108-9.109

bottom-suction, 2.106

brine, 9.259

canned motor pumps, 2.315

cantilever shaft, 2.168

casings, 2.102

feet locations, 2.110

1.39

handholes, 2.107

hydrostatic tests, 2.111

mechanical features, 2.107
cast-iron flanges, 2.110
cavitation, 2.398
centerline support, 2.157
centrifugal. See centrifugal pumps.
classification, 1.2-1.3
condenser circulating. See

condenser circulating pumps.

control systems, 7.2
cyclone separators, 2.142
diaphragms, 3.85-3.87
diffusers, 2.97, 2.100, 2.163
direct acting throttle control, 3.75
disc diaphragm, 3.89
discharges

nozzles, 2.106

piping, 12.9

recirculation, 2.398
displacement

flow control, 3.75

in series flow control, 3.83
double volute, 2.101
double-ring, 2.119
doweling, 12.8
drainage. See drainage pumps.
drive shaft systems, 6.182-6.183
drive-end, 2.107
dry vacuum, 2.458
eddy current couplings, 6.99
electric motors. See electric motors.
electronic, 3.87-3.88
end suction, casings, 2.102
erosion, 5.19
field locations, 12.3
fire protection. See fire protection

systems.

flexible liners, 3.126
flexible pipe, bedplate issues, 2.157
flow control, 2.437, 2.441-2.443
design factors, 2.439
flow requirements, 2.438
food. See food pumps.
foot valves, 2.456
foundations, 12.3, 12.8
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fretting, 5.15
fuel oil. See fuel oil pumps.
gear, 3.123, 3.127
gerotor, 3.129
groundwater, 9.3-9.4
grouting, 12.8
heater drain. See heater
drain pumps.
high purity water and erosion, 5.35
horizontal-shaft, 2.99
hot water. See hot water pumps.
impellers, 2.97, 2.113-2.115
inboard-end, 2.107
inducers, 2.114
intakes, 10.3
internal vane, 3.126
irrigation. See irrigation pumps.
jet
compressible flow case
solutions, 4.8
equations, 4.7
flow regimes, 4.5-4.6
jet losses, 4.8
pump efficiencies, 4.8
jet. See jet pumps.
lake water. See lake water pumps.
leveling, 12.4, 12.7
lifetimes, 5.3
liquid jet
compressible flow case
solutions, 4.8
equations, 4.7
flow regimes, 4.5-4.6
jet losses, 4.8
pump efficiencies, 4.8
liquid rocket propellant, 9.432
LJL, equations, 4.9-4.10
lobe, 3.123, 3.128-3.129
low flow rates, 2.438
magnetic bearings, 2.277-2.278
magnetic drives, 2.178
maintenance. See maintenance.
marine. See marine pumps.
materials of construction,
5.3-5.4,5.32,5.35
metering, 9.313

motor failure, waterhammer,
8.95-8.96

motor-driven, 3.87

multiple screw, 3.99

multistage, 2.99

casings, 2.107, 2.110
interstage passages, 2.108

non-drive-end, 2.107

nuclear, 9.279

oil well, 9.377

open impeller casings, 2.104

optimum geometry, 1.4

outboard-end, 2.107

overhauling, 12.17

paper/pulp. See paper mill pumps.

performance troubleshooting,
2.397

pharmaceutical. See
pharmaceutical pumps.

pipeline. See pipeline pumps.

power-driven, speed control, 3.75

pre-rotation, 2.105-2.106

pressure pulsations, 2.403

preventing unprimed
operation, 2.466

priming, 2.455-2.458

progressing tooth gear, 3.129

progressive cavity, 3.99

radial thrust, 2.100-2.101, 2.402

radially split, 2.99

radially split double casing, 2.110

raw sewage, 9.29

refinery. See refinery pumps.

refrigeration, 9.259

rigid vane, 3.126

ring casing, 2.110

rotary, 3.123

rotation, 2.107

safety shutdown systems, 2.445

saline water and erosion, 5.36

screw, 3.99

screw-and-wheel, 3.128

seal chambers, 2.139, 2.141

sealing liquids, 2.141-2.143

sealless. See sealless pumps.

seawater. See seawater pumps.
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selecting, 1.5

self-priming, 2.461-2.462

semi-open impeller casings, 2.105

series unit, 2.107

sewage. See sewage systems.

shafts, 2.132

failures, 2.401-2.403

shutdown, waterhammer
prevention, 8.103

side-suction, 2.106

single-chamber primers, 2.456

single-stage, 2.99

single-volute, 2.168

single-volute casing, 2.100

solenoid, 3.87

solid casings, 2.102

specific speed, 1.4

split casings, 2.102

stage pieces, 2.108

starting, waterhammer
prevention, 8.102

steam heat. See steam heat pumps.

stop pieces, 2.106

straight-radial-vane
high-speed, 2.179

stuffing boxes, 2.139-2.141

submersible motor-driven
wet-pit, 2.177

suction piping, 12.8

suction recirculation, 2.398-2.400

surface water, 9.3

testing. See testing pumps.

thrust bearings, 2.149

tubular diaphragm, 3.91

two-chamber primers, 2.457

vacuum primers, 2.458

vane, 3.123

vertical dry-pit, 2.158-2.160

vertical propeller, 2.166-2.167

vertical sewage, 2.158

vertical shaft, 2.99

vertical single-suction, 2.160-2.162

vertical turbine, 2.163-2.165

vertical wet-pit, 2.163

volute, 2.97, 2.168

volute-casing, 2.99

vortex pumps, 2.389
wear, 5.13
well. See well pumps.
wet vacuum, 2.458
purchase orders, 11.30
purchase recommendations, 11.29
purity of solutions, 9.115
pusher-type seals, 2.211
PV, pressure times velocity, 2.202
PWM (pulse width modulation)
electric drives, 6.109
frequency inverters, 6.118
PWR plants (pressurized water
reactor), 9.279
boron injection recirculation
pumps, 9.280
charging pumps, 9.280
chilled water pumps, 9.283
component cooling water
pumps, 9.280
containment spray pumps, 9.280
ECCS (emergency core cooling
system), 9.280
reactor coolant pumps, 9.280
recycle evaporator feed
pumps, 9.283
residual heat removal
pumps, 9.280
RHR pumps (residual heat
removal), 9.280
safety injection pumps, 9.280
spent fuel pit pumps, 9.283
spent resin sluicing pumps, 9.283

Q

Q, rotary pumps, 3.138-3.139

Q3D (quasi three-dimensional
analysis), 2.48

qualification analysis, seismic
nuclear pumps, 9.308

qualification testing, seismic nuclear
pumps, 9.309
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quantity meters, 13.14

quick opening slow closing
valves, waterhammer
prevention, 8.101

R

Rabinowitsch-Mooney technique,
scaling laminar flow, 9.329
radial blades, centrifugal
pumps, 2.332
radial clearances, leakage
joints, 2.122
radial impellers, axial thrust, 2.127
radial magnet forces, sealless
magnetic drive pumps, 2.304
radial pins, impeller rings, 2.123
radial thrust, 2.101, 2.402
centrifugal pumps, 2.372
pumps, 2.100
radial vane impellers, 2.113
radially split casings, 2.102
radially split double casing
pumps, 2.110
radially split pumps, 2.99
radiators, engines, 6.64-6.65
raised-face flanges, 2.110
rangeability, control valves, 7.21
Ranney wells, 10.10
ratchets, electric motors, 6.20
rate of flow meters, 13.15
ratings
adjustable-speed belt drives, 6.172
eddy current couplings, 6.106
gas turbines, 6.91
ratios, gear reducers, 6.153
raw sewage pumps, 9.29
firm capacity, 9.29
pneumatic ejectors, 9.29
RD-170 rocket engine, 9.439
reaction stage, steam turbines, 6.40
reactor coolant pumps, 9.280
reactor core isolation cooling pumps,
BWR plants, 9.285

reactor feed pumps, 9.150
reactor water cleanup pumps, BWR
plants, 9.284
recessed impellers, 2.168
reciprocating cargo pumps, 9.248
reciprocating hydraulic presses,
9.464-9.465
reciprocating pumps
discharge stroke, 3.38
double acting, 3.38
liquid cylinders, 3.37
liquid end, 3.37
pistons, 3.37
plungers, 3.37
single-acting, 3.38
suction stroke, 3.38
troubleshooting, 12.24
recirculating flow, centrifugal
pumps, 2.19
recirculation, 2.398, 2.400
canned motor pumps, 2.321
centrifugal pumps, 2.369-2.370
discharge pumps, 2.463
high-energy pumps, 2.78-2.79
recirculation pumps, BWR
plants, 9.283
recirculation to suction pumps, 2.462
recommended test procedures,
13.12-13.13
records of pump test data, 13.38
recycle evaporator feed pumps, 9.283
reduced flow
bolier feed pumps, 9.90
centrifugal pumps, 12.13
reduced power consumption,
magnetic bearings, 2.281
reducing waterhammer, 8.93, 8.95
refiner mechanical pulp, 9.159
refinery pumps, 9.133-9.134
construction, 9.134, 9.137
drivers, 9.142
materials of construction, 9.142
performance, 9.141
See also oil well pumps.
refining industry, seal
standards, 2.215
refrigeration pumps, 9.259



lubricating oil transfer, 9.260
refrigerant circulation, 9.260
refueling cryogenic pumps, 9.401

regulation of flow, condensate
pumps, 9.100
regulation of flow rate, centrifugal
pumps, 2.365
regulations, fire protection
systems, 9.60
reliability
magnetic bearings, 2.281
sewage systems, 9.38
relief chambers, 2.119
leakage joints, 2.119
pressure-reducing devices, 2.145
relief valves, 12.11
power pumps, 3.35
propulsion marine pumps, 9.220
remote monitoring, mining
pumps, 9.211
renewable shaft sleeves, 2.136
repairing equipment, 12.17
requisitions, see RFQs, 11.9
residual heat removal pumps,
PWR plants, 9.280
resistance coefficients, pipe
bends, 8.65
resistance to cavitation, 5.13
resistance to wear, slurry
pumps, 9.364
response spectra, seismic nuclear
pumps, 9.304
response speeds
hydrodynamic drives, 6.138
hydrokinetic drives, 6.136
hydroviscous drives, 6.138
return passages, centrifugal
pumps, 2.45
reverse-speed-torque, pumping
systems, 8.20
reversed impellers, centrifugal
pumps, 2.382
Reynolds equation, 2.249, 2.251
RFQs (requests for quotation), 11.9
bidders lists, 11.20-11.22
commercial terms and
conditions, 11.9
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energy evaluations, 11.11
inspection checklists, 11.17
life cycle cost evaluations,
11.13-11.15
noise data sheets, 11.19-11.20
pump data sheets, 11.11
technical specifications, 11.9
technical specs, 11.10
testing checklists, 11.17
vendor data requirement
forms, 11.17
rheograms, non-Newtonian flows,
9.325-9.326
RHR pumps (residual heat removal),
9.280, 9.285
rigid couplings, 6.175-6.176
rigid shafts, 2.133, 6.185-6.186
rigid vane pumps, 3.126
rigid water column theory,
waterhammer, 8.93
rigidity of seismic nuclear
pumps, 9.308
ring-casing pumps, 2.110
ring-section pumps, 2.110
rings, intermeshing, 2.119
rising head characteristic, 2.334
rod load, power pumps, 3.17
rod weights, oil well pumps, 9.383
roller bearings, slurry pumps, 9.357
rolling element bearings, 2.149, 6.18
rolling-media filters, gas
turbines, 6.94
rotary cargo pumps, 9.248
rotary chemical pumps, 9.120
rotary pumps, 3.123
abrasives, 3.137
affinity laws, 3.132
capacity, 3.139-3.140
casing housing, 3.124
cavitation, 3.135
centrifugal pump
comparisons, 3.130
corrosiveness of fluids, 3.136
CTIO volume (closed-to-inlet-
and-outlet), 3.123
displacement, 3.138, 3.141-3.143
dissolved gases, 3.134
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dry running, 3.133

end plates, 3.124

entrained air, 3.134

flow curves, 3.131

fluid lubricity, 3.135

heating jackets, 3.125

high viscosity uses, 3.132

inlet pressure, 3.134

input power, 3.145

installing, 3.133

integral relief valves, 3.125

lantern rings, 3.124

materials of construction, 3.125

mechanical efficiency, 3.146

mechanical friction power, 3.145

mechanical seals, 3.124

noise, 3.134

non-Newtonian fluids, 3.136

operating speeds, 3.150-3.151

OT1I volume (open-to-inlet), 3.123

OTO volume (open-to-outlet),

3.123

overall efficiency, 3.146

packings, 3.124

performance, 3.147-3.149

pressure issues, 3.144-3.145

pumping chamber, 3.124

rotating assembly, 3.124

safety relief valves, 3.125

seal cages, 3.124

seal chambers, 3.124

slip, 3.138-3.139

speed issues, 3.143

stators, 3.124

suction strainers, 3.134

temperature of fluids, 3.135

timed, 3.124

troubleshooting, 12.23

untimed arrangement, 3.124

vapor pressure, 3.138

viscosity if fluids, 3.135

viscous power losses, 3.145

Volumetric efficiency, 3.146, 3.149
rotating assembly, rotary

pumps, 3.124

INDEX

rotating seals, 2.211
rotating spinning reserve, pumped
storage, 9.269
rotating trash screens, 10.15
rotation, 2.107
rotative speed
centrifugal pumps, 2.27
screw pumps, 3.114
rotodynamic beverage pumps, 9.189
rotodynamic food pumps, 9.189
rotor armature, canned motor
pumps, 2.318
rotor dynamics, magnetic
bearings, 2.281
rotor sleeves, canned motor
pumps, 2.318
rotor whirl, bearings, 2.266
rotors
canned motor pumps, 2.316
centrifugal pumps, shape and
speed, 2.23
hydrodynamic bearing effect, 2.135
hydrokinetic drives, 6.129
hydroviscous drives, 6.134
magnetic bearings
clearances, 2.282
dynamics, 2.283
single-stage steam turbines, 6.41
RP1 pumps
liquid rocket propellant
pumps, 9.433
RRS (required response spectrum),
seismic nuclear pumps, 9.304
rubber jaw couplings, 6.179
rules, fire protection systems, 9.60
runners
Francis turbines, 6.79
hydraulic turbines
running speed, 6.82
impulse turbines, 6.79
turbines, 6.79
Ritschi formula, centrifugal
pumps, 2.384
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safe temperatures, electric
motors, 6.25
safety injection pumps, PWR
plants, 9.280
safety relief valves, rotary
pumps, 3.125
safety shutdown systems, 2.445
saline water, erosion corrosion, 5.36
salt solution chemical pumps, 9.118
sampling pumps, water treament
plants, 9.18
sand/mud eductors, 4.36
sanitary marine pumps, 9.236
Saturn V booster rockets, 9.432
scale models, 13.39-13.40
flow distribution, 10.51
free surface vortices, 10.49
intake loss coefficient, 10.50
operating, 10.49
prerotation, 10.50
subsurface vortices, 10.49
scaling centrifugal pumps, 2.19
scaling laminar flow, 9.329
SCC (stress corrosion cracking),
stainless steel, 5.7
scoop tubes, hydrokinetic
drives, 6.129
scoop-trimming fluid drives,
6.130-6.131
SCR (silicon-controlled rectifier),
electric drive power
supplies, 6.110
screens, 10.14, 10.16
head losses, 8.70
intake design, 10.47
piping, 10.32
screw pumps, 3.99
advantages, 3.100
delivered capacity, 3.115
delivery, 3.101
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dissolved air issues, 3.113
double-end, 3.104
entrained air issues, 3.113
foundations, 3.120
GVF's (gas void fractions), 3.118
installing, 3.119
internal axial velocity limits, 3.109
leakage, 3.101
locks, 3.101
multiphase uses, 3.117
noise, 3.120
non-Newtonian liquids,
3.113-3.114
NPSH, 3.110-3.112
performance, 3.109
pipe sizing, 3.119
power ratings, 3.116
pressure capability, 3.103
priming, 3.120
rotative speed, 3.114
seals, 3.109
single-end, 3.104
slip, 3.102
timed rotor, 3.103, 3.106-3.107
untimed rotor, 3.103, 3.107-3.108
vapor pressure issues, 3.110
viscosity issues, 3.113
screw-and-wheel pumps, 3.128
scroll case frequency pressure
pulsations, 8.107
scum pumps, 9.33-9.34
SDF's (single degree of freedom
oscillators), seismic nuclear
pumps, 9.306
seal cages, 2.141, 2.186
condensate pumps, 9.99
rotary pumps, 3.124
seal chambers, 2.139, 2.141
chemical pumps, 9.122
rotary pumps, 3.124
sealed ball bearings, 2.150
sealing liquids, 2.141
check valves, 2.143
lantern rings, 2.141
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sealless chemical pumps, 9.124
sealless magnetic drive pumps, 2.297
axial magnet forces, 2.304
bearings, 2.308, 2.310
breakaway torque, 2.303
closed coupling, 2.305
conduction rings, 2.298
containment shell, 2.305
dry running, 2.310
dual containment shells, 2.308
eddy current losses, 2.306-2.307
flow paths, 2.311
gaps, 2.299
inner magnet encapsulation, 2.304
magnet blocks, 2.303
outer magnet encapsulation, 2.305
radial magnet forces, 2.304
transmittal torque, 2.303
sealless pumps, 2.179, 2.295
seals
angular misalignment, 2.228
balance, 2.200-2.201
balanced, 2.211
chamber design, 2.220
chemical pumps, 9.122
chamber pressures, 9.123
temperature issues, 9.122
coefficient of friction, 2.202
contacting liquid lubricating, 2.197
mating rings, 2.199
primary rings, 2.199
refining industry
standards, 2.215
coolant flow, 2.204-2.205
dual-pressurized gas
lubricated, 2.223
face pressure, 2.201
flushes, 2.204
food/beverage pumps, 9.193
full-convolution bellows, 2.214
gland plates, 2.220
half-convolution bellows, 2.214
heat removal, 2.203
inside-mounted, 2.208
installing, 2.228
leakage, 2.207

main coolant pumps, BWR
plants, 9.290
materials of construction, 2.227
multiple, 2.208
multiple spring, 2.211
multiple-convolution bellows, 2.214
non-contacting gas lubricated,
2.221-2.222
non-contacting gas
lubricating, 2.198
nonpusher, 2.214
operating envelope, 2.207
outside-mounted, 2.208
parallel misalignment, 2.228
performance analysis, 2.198
pressure calculations, 2.200-2.201
pressure velocity, 2.202
propulsion marine pumps, 9.219
pusher-type, 2.211
refining industry standards, 2.215
rotating, 2.211
screw pumps, 3.109
sewage systems, 9.41-9.42
single, 2.208
single spring, 2.211
slurry pumps, 9.357
split pusher-type, 2.212
stationary, 2.211
tandem, 2.209
unbalanced, 2.211
seawater and erosion corrosion, 5.37
seawater pumps, 9.259
seawater service marine
pumps, 9.230
second law of thermodynamics, 2.10
secondary containment, canned
motor pumps, 2.318
segmented throttle bushings,
floating rings, 2.240-2.241
seismic nuclear pumps
critical damping, 9.302
degrees of freedom, 9.302
finite element method
analysis, 9.303
floor acceleration, 9.303
ground acceleration, 9.303
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load stress, 9.310
modal analysis, 9.303
natural frequencies, 9.308
natural frequency, 9.304
operating basis earthquakes, 9.304
qualification analysis, 9.308
qualification testing, 9.309
response spectra, 9.304-9.306
SSEs, 9.306
stress limits, 9.310
time history analysis, 9.307
time history of acceleration, 9.307
TRS (test response
spectrum), 9.307
ZPA (zero period
acceleration), 9.307
selecting pumps, 1.5
selective leaching corrosion,
chemical pumps, 9.119
self-aligning ball bearings, 2.151
self-aligning bearings, 2.149
self-contained priming units, 2.461
self-priming centrifugal
pumps, 2.462
self-releasing couplings, electric
motors, 6.20
semi-open impeller pumps,
casings, 2.105
semiannual inspections, 12.16
semiguarded enclosures, electric
motors, 6.15
semiopen impellers, 2.115-2.127
sensitization, 5.10
sensors, 7.4-7.7
series operations, centrifugal pumps,
2.367-2.368
series unit pumps, 2.107
series water supply systems,
9.13-9.14
serrated throttle bushings,
2.239-2.240
service factor ratings
adjustable-speed belt drives, 6.172
electric motors, 6.25
service water sewage pumps, 9.33
settled sewage pumps, 9.32

settling slurries
deposition, 9.332
transport systems, 9.345
sewage marine pumps, 9.236
sewage pump systems, 9.25
bearings, 9.42
capacity planning, 9.37
collection, 9.26
concentrated sludge/scum pumps,
9.34-9.35
control systems, 9.40
cycle time, 9.38
drivers, 9.39
grease/oil seals, 2.144
head-capacity curves, 9.39
operating frequency, 9.38
operating speeds, 9.38
piping, 9.41
priming systems, 2.464
raw sewage pumps, 9.29
reliability, 9.38
scum pumps, 9.33-9.34
seals, 9.41-9.42
service water systems, 9.33
settled sewage pumps, 9.32
sludge pumps, 9.33-9.34
surge control, 9.41
treatment, 9.26-9.27
valves, 9.41
vertical, 2.158
water-sealing tanks, 2.144
shafts, 2.132
chemical pumps, 9.123
critical speed, 6.187
critical speeds, 2.132-2.133
deflection, 2.134
distance sleeves, 2.136
drive systems, 6.182
spacers, 6.183
elongation, vertical pumps, 2.175
failures, 2.401, 3.73
flexible, 2.133
flexible drive, 6.186
floating, 6.184
hydrokinetic drives, 6.129
interstage sleeves, 2.136
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Lomakin effect, 2.135
materials of construction,
5.29-5.30
radial load failures, 2.403
rigid, 2.133, 6.185-6.186
sizing, 2.135
sleeves, 2.137
O rings, 2.138
packing, 2.138
renewable, 2.136
steam turbines, orientation, 6.39
torsional stress, 6.186
turbines, 6.80
shear rate, 8.32
shear stress, 8.32
shells, slurry pumps, 9.358, 9.365
ship service pumps, 9.229
ship-loading cryogenic pumps, 9.405
shipping pumps, 12.2
shop tests, 13.2
shrouds, centrifugal pumps, profiles,
2.31-2.33, 2.62
shunt-wound DC motors, 6.8
shutdown process, waterhammer
prevention, 8.103
shutdown systems, 2.445
side branch accumulators,
displacement pumps, 3.69
side-suction pumps, 2.106
sigma, turbines, 6.83
similitude, 2.20
simplex steam pumps, 3.40, 3.45
simplified dynamic analysis, seismic
nuclear pumps, 9.308
single seals, 2.208
single spring seals, 2.211
single-acting reciprocating
pumps, 3.38
single-chamber primers, 2.456
single-curvature vanes, 2.113
single-end screw pumps, 3.104
single-row angular contact ball
bearings, 2.151
single-row deep-groove ball
bearings, 2.151

single-shaft gas turbines, 6.90
single-stage pumps, 2.99
axial lengths, 2.29
axial thrust, 2.124
single-stage steam turbines,
6.39,6.41
bearing cases, 6.41
casing sealing glands, 6.41
efficiencies, 6.47
governors, 6.41
rotors, 6.41
steam chest, 6.41
single-steam steam turbines,
overspeed trip system, 6.41
single-suction impellers, 2.113,
2.126-2.128
single-unit adjustable-speed electric
drives. See electric drives.
single-volute casing pumps, 2.100
single-volute pumps, 2.168
siphon head, pumping systems,

8.25-8.31
siphons, 4.23, 4.43
air, 4.47

annular, 4.44
standard, 4.44

site maintenance, 12.2

size effect on efficiency, centrifugal

pumps, 2.24

sizing
centrifugal pumps, 2.28-2.29
eddy current couplings, 6.106
shafts, 2.135

sleeve bearings, 2.149
electric motors, 6.18
power pumps, 3.33

sleeves
O rings, 2.138
overhung impellers, 2.138
packing, 2.138
shafts, 2.136-2.137

sliding abrasion wear, slurry

pumps, 9.364

slip
loss, fluid couplings, 6.139
power pumps, 3.5
rotary pumps, 3.138-3.139
screw pumps, 3.102
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slip eddy current couplings, 6.106
slip speed, eddy current couplings,
6.100-6.101
sludge pumps, 9.27, 9.33-9.34
slurries
complex flows, 9.338-9.339
equivalent fluid
hydraulic gradient, 9.324
pressure losses, 9.323
flow characteristics, 9.322-9.323
inclined flows, 9.342
laminar flow, scaling, 9.329
particulate abrasiveness, 5.20
vertical flows, 9.341
slurry paper mill pumps, 9.162
slurry pumps, 9.321-9.322,
9.351-9.352
casings, 9.357
centrifugal pumps, 2.26
coatings, 5.44
designing, 9.343-9.345
efficiencies, 9.360-9.361
hydraulic design, 9.353
impellers, 9.357
inserts, 5.44
liners, 5.44, 9.365
materials of construction,
5.43-5.44
particle impact wear, 9.364
roller bearings, 9.357
seals, 9.357
shells, 9.358, 9.365
sliding abrasion wear, 9.364
solids effects, 9.360
wear, 9.353, 9.363, 9.365
smothering glands, 2.147
solenoid pumps, 3.87
soleplates, 2.156-2.157, 12.3
solid casings, 2.102
solid state adjustable-frequency
inverters, adjustable-
frequency drives, 6.119-6.120
solids effects, slurry pumps, 9.360
solids handling eductors, 4.37
solids in suspension, solutions, 9.114
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solids pumps, 9.321, 9.351, 9.369
flushing, 9.374
maintenance, 9.376
materials of construction, 9.371
packing wear, 9.372
process stream pumping, 9.370
surge legs, 9.374, 9.376
valves, 9.371-9.372
solutions
accelerators, 9.115
acidic, 9.114
aeration, 9.114
alkalinity, 9.114
concentrations, 9.113-9.114
constituents, 9.113
inhibitors, 9.115
purity, 9.115
solides in suspension, 9.114
temperatures, 9.114
source modification, noise control,
8.113-8.114
sources of pump noise, 8.110
space shuttle booster pumps, 9.437
spacing of nozzle throat, LJL
pumps, 4.14
spare parts, 12.19
specific pump speeds,
waterhammer, 8.94
specific speed, pumps, 1.4
speed changer controls,
displacement pumps, 3.76
speed characteristic, turbines, 6.86
speed control
adjustable-speed belt drives, 6.169
centrifugal pumps, 2.21-2.23
electric motors, 6.23
engines, 6.60
gear reducers, 6.153
hydraulic turbines, runners, 6.82
power-driven pumps, 3.75
regulation, fluid couplings, 6.136
rotary pumps, 3.143
steam turbines, 6.43
variation, 6.45
speed measurements, 13.36
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speed rings, vertical dry-pit
pumps, 2.162
speed-torque curves, ac adjustable-
voltage drives, 6.111
spent fuel pit pumps, PWR
plants, 9.283
spent resin sluicing pumps, PWR
plants, 9.283
spindle proportioning eductors, 4.34
spiral-bevel gears, 6.147
splashproof enclosures, electric
motors, 6.15
split casings, 2.102
split glands, 2.147
split pusher-type seals, 2.212
split rigid couplings, 6.175
split-case fire pumps, 9.58
split-shaft gas turbines, 6.90
spring-grid couplings, 6.180
spur gears, 6.144
squeeze film effect, 2.252
squirrel-cage induction motors,
6.4-6.5
SR brushless dc motors (Switched
Reluctance), 6.13
SSEs (safe shutdown earthquakes),
nuclear pumps, 9.301, 9.306
stability, journal bearings,
2.270-2.273
stability analyses, bearings, 2.268
stable head characteristic, 2.334
stage pieces, 2.108
stainless steel
casings, 5.29
shafts, 5.30
wear rings, 5.31
standard datum, shaft pumps, 2.328
standard siphons, 4.44
standards
composite pumps, 5.60
gas turbines, 6.91
standby liquid control system
pumps, BWR plants, 9.285
standby pumps, auxiliary
services, 12.16
standpipe cooling systems,
engines, 6.66

INDEX

starters
electric motors, 6.27-6.28
engines, 6.70-6.71
high specific speed centrifugal
pumps, 2.364
low specific speed centrifugal
pumps, 2.361-2.362
medium specific speed centrifugal
pumps, 2.364
starting
gas turbines, 6.94
pumped storage systems, 9.266
pumps
centrifugal pumps, 12.14
positive displacement
pumps, 12.15
standby pumps, 12.16
steam turbine pumps, 12.15
waterhammer prevention, 8.102
static analysis, seismic nuclear
pumps, 9.308
static excitation, synchronous
motors, 6.7
static head
pumping systems, 8.13
water supply systems, 9.12
static instability, centrifugal
pumps, 2.56
static load failure, 2.401
static pressure head, centrifugal
pumps, 2.10
static pressure increases, centrifugal
pumps, 2.16
static pressure losses, centrifugal
pumps, 2.14
static shaft deflection, 2.134
static stability, centrifugal
pumps, 2.56
static thrust, 2.401
stationary seals, 2.211
stationary wearing rings, 2.122
stators
canned motor pumps, 2.315
liners, 2.318
magnetic bearings, 2.284
rotary pumps, 3.124
windings, squirrel-cage induction
motors, 6.5



steam chest, single-stage steam
turbines, 6.41
steam consumption, steam
pumps, 3.58
steam ends, steam pumps,
3.40, 3.45, 3.57
steam heat pumps, 9.256
steam power plants, 9.73-9.74
boiler feed pumps, 9.77
capacities, 9.78
NPSH, 9.78-9.79
booster pumps, 9.84
closed cycles, 9.75
discharge pressures, 9.85
drivers, 9.85-9.87
efficiencies, 9.94-9.95
head capacity curve slope, 9.85
load reduction, transient
conditions, 9.79-9.81
open cycles, 9.75
steam pumps, 3.37
brake horsepower, 3.58
direct acting, 3.40
displacement, 3.53
duplex, 3.40
liquid end, 3.47
diameter, 3.56
piston type, 3.47-3.48, 3.51
plunger type, 3.53
valves, 3.52
materials of construction,
3.45,3.47
mechanical efficiencies, 3.57
piston speed, 3.55
simplex, 3.40
steam consumption, 3.58
steam ends, 3.40, 3.45
diameter, 3.57
throttle control, 3.75
troubleshooting, 12.25
water horsepower, 3.59
steam rates, steam turbines, 6.47
steam turbine marine pumps, 9.216
steam turbine pumps, 12.15
steam turbines, 6.37—6.39
control systems, 6.41
direct connected, 6.39
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efficiencies, 6.48
energy conversion, 6.46
geared, 6.39
governors, 6.41
impulse stage, 6.39
maximum speed rise, 6.45
multistage, 6.47
operating cost, 6.52
overspeed trip system, 6.46
reaction stage, 6.40
shaft orientation, 6.39
single-stage, 6.39
speed ranges, 6.43
speed variation, 6.45
steam rates, 6.47
superheat, 6.48, 6.51
steam turbogenerators
auxiliary circulating pumps, 9.228
auxiliary condensate pumps, 9.228
lubricating oil pumps, 9.228
steaming out process, paper mill
pumps, 9.181
steep characteristic, 2.334
stellite-coated wear rings, 5.32
step wearing rings, 2.119
stern tube lubricating oil marine
pumps, 9.231
stock, paper mill pumps, 9.166-9.167
stop pieces, 2.106
stopping
centrifugal pumps, 12.14
positive displacement
pumps, 12.15
steam turbine pumps, 12.15
waterhammer prevention, 8.103
straight line approximation, LJL
pumps, 4.14
straight-bevel gears, 6.147
straight-radial-vane high-speed
pumps, 2.178
straight-vane radial impellers, 2.113
strain on piping systems, 12.9
strainers
piping, 10.32
suction end, 12.10
stress corrosion cracking, chemical
pumps, 9.119
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stress limits
power pumps, 3.23
seismic nuclear pumps, 9.310
stroke rate, power pumps, 3.6
structure borne noise, 8.116
stuffing boxes, 2.139, 2.141
air leakage, 2.192
gland plates, 2.186
lantern rings, 2.141
mechanical seals, 2.148
packing glands, 2.147
packings
abrasives, 2.192
materials used, 2.187-2.188
power pumps, 3.25
pressure issues, 2.190-2.191
slurry pumps, 9.357
smothering glands, 2.147
temperature issues, 2.192
water-cooled, 2.145
submergence, suction tank outlet
pipes, 10.25
submergence levels, intakes, 10.25
submersible enclosures, electric
motors, 6.16
submersible motor-driven wet-pit
pumps, 2.177
submersible raw sewage pumps, 9.29
submersible turbine irrigation
pumps, 9.47
subscript designations, centrifugal
pumps, 2.8
subsea multiphase pumps, 3.118
subsurface hydraulic oil pumps,
9.386-9.387
subsurface progressing cavity oil
pumps, 9.392
subsurface reciprocating hydraulic
oil pumps, 9.390-9.391
subsurface vortices, 10.40, 10.49
sucker rod oil well pumps, 9.378
sucker rod stretch, oil well
pumps, 9.385
suction case, vertical turbine
pumps, 2.164
suction elbows, 8.66
suction eye, impellers, 2.118

suction feed helicopter fuel
pumps, 9.411
suction flanges, 2.110
suction head, units of measure, 13.3
suction head rings, leakage
joints, 2.118
suction lift, 10.13, 13.3
suction manifolds, power
pumps, 3.27
suction nozzles, centrifugal
pumps, 2.58
suction piping, water supply
systems, 9.9, 12.8
suction pits
eddies, 10.24
environmental issues, 10.18
intakes, submergence levels, 10.25
model tests, 10.22
piping, 10.28-10.29
vortices, 10.22-10.23
suction recirculation, 2.370,
2.398, 2.400
suction strainers, 3.134, 12.10
suction stroke, reciprocating
pumps, 3.38
suction tanks, outlet pipes,
submergence, 10.25
suction throttling, centrifugal
pumps, 2.366
suction valves
power pumps, 3.27
unloading, displacement pumps,
3.76-3.77
suction-specific speed
centrifugal pumps, 2.352
high-energy pumps, 2.84-2.85
suggested test procedures,
13.12-13.13
sulfide stress corrosion cracking, 5.7
sulfuric acid applications, composite
pumps, 5.57
sulfuric acid chemical pumps, 9.116
sump pumps, 2.163, 9.54,
9.209-9.210
superheat, steam turbines, 6.48, 6.51
superstructure, pumping
stations, 9.54



INDEX 1.53

support systems, 2.155, 2.163
surface treatments, fatigue
correction, 5.26
surface wash pumps, water
treatment plants, 9.19
surface water pumps, 9.3
surge chambers, 12.12
surge control, sewage systems, 9.41
surge legs, solids pumps,
9.374,9.376
surge protection, piping, 10.31
surge suppressors,
waterhammer, 8.100
surge tanks
pumped storage, 9.271
waterhammer prevention,
8.102-8.103
suspended solids, 5.19
swirl, 10.42
synchronous motors, 6.6
direct-connected exciters, 6.7
motor-generated exciters, 6.7
static excitation, 6.7
system design, mining pumps, 9.205
system-head curves
pumping systems, 8.13
water supply systems, 9.10

T

tandem seals, 2.209
tank-cleaning marine pumps, 9.249
tanks, water pressure booster

systems, 9.456
tare of water consumption, 9.5
technical bid evaluations, 11.25
technical purchase

recommendations, 11.29
technical specifications,

RFQs, 11.9-11.10
telemetry pump control systems, 7.9
temper annealing, 5.6
temperature issues

fluids, rotary pumps, 3.135

packings, 2.192
pumping system flow rates, 8.77
rise, centrifugal pumps, 2.372
solutions, 9.114
test models, suction pits, 10.22
testing checklists, RFQs, 11.17
testing pumps, 13.2
accuracy, 13.8
cavitation, 13.10
Cipoletti weirs, 13.19, 13.22
current meters, 13.26
data recording, 13.38
differential pressure meters, 13.15
discharge measurement, 13.14
flow nozzles, 13.16
flumes, 13.23-13.24
head area meters, 13.18
head measurements, 13.27-13.28
bourdon gages, 13.35
differential mercury gages, 13.34
mercury gages, 13.34
water gages, 13.33
instrumentation, 13.8
operating conditions, 13.8-13.9
orifice meters, 13.17
pitot tubes, 13.18
pitot static tubes, 13.18
power measurements, 13.35
pressure transducers, 13.18
quantity meters, 13.14
rate of flow meters, 13.15
recommended procedure,
13.12-13.13
seismic nuclear pumps, 9.309
speed, 13.37-13.38
speed measurements, 13.36
tolerances, 13.8
V notch weirs, 13.23
venturi meters, 13.15
volumetric meters, 13.14
weighing meters, 13.14
weirs, 13.19, 13.22
TEWAC electric motors
(totally enclosed
water-to-air-cooled), 6.113
thermal issues
displacement pumps, 3.72
low flow rates, 2.438



1.54 INDEX

thermoplastic composite pumps, 5.51
thermoset composite pumps, 5.52
thixotropic liquids, 8.33,9.188
thoma cavitation parameter,
centrifugal pumps, 2.352
three-body wear, 5.16, 5.18
throat bushings, axially split
casings, 2.141
throat inlets, LJL pumps, 4.15
throttle bushings, 2.191
throttle control, direct-acting
pumps, 3.75
throttling orifices, head losses, 8.77
through hardening gears, 6.149
thrust balance, canned motor pumps,
2.319-2.321
thrust bearings, 2.149-2.150
tidal river water, salinity, 5.37
tilted pad bearings, 2.256, 2.259
time history analysis, seismic
nuclear pumps, 9.307
time history of acceleration, seismic
nuclear pumps, 9.307
timed rotary pumps, 3.124
timed rotor screw pumps, 3.103,
3.106-3.107
Tirastat II controllers, wound-rotor
induction controllers, 6.116
tolerance
testing pumps, 13.8
wearing rings, 2.123-2.124
torque
centrifugal pumps, 2.359-2.360
high-energy pumps, 2.72-2.73
hydraulic turbines, 6.86
oil well pumps, 9.382
power pumps, 3.8
variable frequency drives, 3.9
torsional stress, shafts, 6.186
tortuous-path precipitators, gas
turbines, 6.94
total dynamic head, centrifugal
pumps, 2.10
total head, 13.4
branch-line pumping systems, 8.90
pumping systems, 8.6-8.9

total suction head
drainage pumps, 9.52
irrigation pumps, 9.52
total suction lift
drainage pumps, 9.52
irrigation pumps, 9.52
totally enclosed enclosures, electric
motors, 6.16
touchdown bearings. See catcher
bearings.
transducers, pump control
systems, 7.7
transfer function, magnetic
bearings, 2.283
transfer systems, agriculture,
9.441-9.442
transient loads, magnetic
bearings, 2.283
transient operation, centrifugal
pumps, 2.379-2.381
transient power failures, centrifugal
pumps, 2.376
transient speeds, pumped storage,
9.263-9.264
transmission systems, 6.175-6.176,
6.191-6.192
transmittal torque, sealless
magnetic drive pumps, 2.303
transmitters, control systems, 7.7
trashracks, 10.14-10.16
treatment sewage systems,
9.26-9.27
tribology, 5.14
troubleshooting
axial thrust, 2.401
cavitation, 2.397
centrifugal pumps,
12.20, 12.22-12.23
displacement pumps, 3.63
gear units, 6.161-6.164
pressure pulsations, 2.403
radial thrust, 2.402
reciprocating pumps, 12.24
recirculation, 2.398
rotary pumps, 12.23
steam pumps, 12.25
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TRS (test response spectrum),
seismic nuclear pumps, 9.307
true liquids, 8.33
tube turbines, 6.80
tubing shrink, oil well pumps, 9.385
tubular diaphragm pumps, 3.91
tuning magnetic bearings, 2.291
turbine chemical pumps, 9.121
turbine drainage pumps, 9.52
turbine irrigation pumps, 9.52
turbines
adjustable blade propeller, 6.79
affinity laws, 6.84
cavitation, 6.83
centrifugal pump applications,
2.385-2.387
choosing type, 6.86
fixed blade propeller, 6.79
Francis, 6.79
power shafts, 6.80
gas, 6.89
Brayton cycle, 6.89
Joule cycle, 6.89
horizontal shafts, 6.80
hydraulic, 6.78-6.79
flow units, 6.80
power shafts, 6.80
torque, 6.86
impulse, 6.79
inclined shaft, 6.80
inpulse, 6.78
power recovery, 6.83
runners, 6.79
sigma, 6.83
speed characteristic, 6.86
steam turbines, 6.37
tube, 6.80
vertical propeller, 6.80
turbopumps, space shuttle booster
pumps, 9.434
turbulence, journal bearings, 2.252
turbulent flow, 8.32, 9.327
turndown, fluid couplings, 6.136
turning vanes, suction pits, 10.13
twin volute pumps, 2.101

two-body wear, 5.16
two-chamber primers, 2.457
types of wear, 5.13

U

unbalanced impellers, 2.432-2.433
unbalanced power pumps, 3.18-3.19
unbalanced seals, 2.201, 2.211
unbalanced valves, duplex steam
pumps, 3.43
underfiling vanes, centrifugal
pumps, 2.343
underwater vortexing, 10.22
uniform corrosion, chemical
pumps, 9.118
unit load capabilities, magnetic
bearings, 2.284
units of measure
discharge head, 13.4
efficiencies, 13.7
flooded suction, 13.3
head, 13.3
NPSH, 13.5
suction head, 13.3
total head, 13.4
total suction lift, 13.3
velocity head, 13.3
volume, 13.3
water power, 13.6
unloader mechanisms, displacement
pump suction valves, 3.77
unstable characteristic, 2.334
untimed arrangement, rotary
pumps, 3.124
untimed rotor screw pumps, 3.103,
3.107-3.108
USCS (U.S. Customary
System), 2.327
user interfaces, magnetic
bearings, 2.292
UV exposure, composite pumps, 5.50
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V belts, adjustable-speed belt
drives, 6.170
V notch weirs, 13.23
vacuum primers, 2.458
valve covers, power pumps, 3.28
valve dynamics, power pumps, 3.14
valve friction, power pumps, 3.14
valve springs, power pumps, 3.16
valve-throttling constant speed
control systems, 7.10
valves
control systems, 7.14-7.15
control valves, 7.15
controlled closure, waterhammer
prevention, 8.100
drainage pumps, 9.48
duplex steam pumps, 3.42-3.44
flow coefficients, 8.56—8.58,
8.62-8.63
frictional losses, 8.54
irrigation pumps, 9.48
liquid ends, steam pumps, 3.52
power pumps, 3.12-3.13, 3.15, 3.27
sewage systems, 9.41
simplex steam pumps, 3.45
solids pumps, 9.371-9.372
vane pumps, 3.123
capacity, 3.140
rigid, 3.126
vane tips
centrifugal pumps
clearance, 2.337
reducing size, 2.342
erosion, 5.12
vaned diffusers, centrifugal pumps,
2.43-2.44
vanes
high-energy pumps, blade
combinations, 2.76-2.77
impellers, single-curvature, 2.113
vapor lock, aircraft fuel pumps, 9.419
vapor phase cooling systems,
engines, 6.68
vapor pressure
rotary pumps, 3.138
screw pumps, 3.110

INDEX

variable frequency drives, torque, 3.9
variable orifices, bypass
systems, 2.448
variable speed drive water pressure
booster systems, 9.449-9.452
variable speed water supply
systems, 9.14
variable static head, pumping
systems, 8.15
variable system resistance, pumping
systems, 8.16
variable-displacement piston
hydraulic pumps, variable
water flow, 6.196
variable-speed drivers, sewage
systems, 9.40
variable-torque loads, eddy current
couplings, 6.101
velocity caps, intakes, 10.18
velocity diagrams, centrifugal
pumps, 2.13, 2.19
velocity head
centrifugal pumps, 2.10
pumping systems, 8.5
units of measure, 13.3
velocity sensors, 2.421-2.424
velocity-compounded single-stage
steam turbines, 6.46
Vena Contracta, 7.23, 2.448
vendor clarification meetings, 11.25
vendor data requirement forms,
RFQs, 11.17
vents
piping systems, 12.11
valves, 2.460
Venturi meters, 13.15
Venturi tubes, 2.449
vertical condensate pumps, 9.96
vertical dry-pit pumps, 2.158-2.160
vertical eddy current
couplings, 6.104
vertical flows, slurries, 9.341
vertical operations, couplings, 6.182
vertical propeller pumps,
2.166-2.167
vertical propeller turbines, 6.80
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vertical pumps
axial thrust, 2.171, 2.172
foundation loads, 2.175
shaft elongation, 2.175
support systems, 2.163
vertical sewage pumps, 2.158
vertical shaft pumps, 2.99, 2.328
vertical single-suction pumps,
2.160-2.162
vertical turbine pumps, 2.97, 2.163
impellers, 2.165
suction case, 2.164
vertical wet pit pumps, 2.163,
2.170,12.3
vertically split casings, 2.102
vibration
centrifugal pumps, 2.382
piping, 10.31
vibration analysis, 2.419-2.424
antifriction bearings, 2.434
baseplates, 2.435
impellers, 2.432
symptom diagnosis, 2.425,
2.430-2.431
vibration isolation, engines, 6.74
viscosity
bearing performance, 2.258
centrifugal pumps, 2.25
drag losses, journal bearings, 2.253
food/beverage pump liquids, 9.188
heat generation, cylindrical
bearings, 2.254
petroleum pump liquids,
9.150-9.154
rotary pumps, 3.132, 3.135
power losses, 3.145
screw pumps, 3.113
voltage ratings, electric motors, 6.22
volume
displacement flow control, 3.76
flow rate. See flow rate.
units of measure, 13.3
volumetric efficiency
centrifugal pumps, 2.50, 2.334
power pumps, 3.6—3.7
rotary pumps, 3.146, 3.149
volumetric meters, 13.14

volute pumps, 2.97, 2.168
cellar drainers, 2.169
drainage pumps, 9.46, 9.52
irrigation pumps, 9.46, 9.52

volute-casing pumps, 2.99

volutes, centrifugal pumps,

2.41-2.43, 2.67

vortex pumps, 2.389

vortices
correcting, 10.52
free surface, 10.39
subsurface, 10.40
suction pits, 10.22-10.23

W

walking beams, mechanically driven
diaphragm pumps, 3.87

warm-up flow piping, 12.11

wash liquors, paper mill
pumps, 9.165

wash water pumps, water treatment
plants, 9.18

waste heat marine pumps, 9.231

waste pumps, 9.321

waste treatment. See sewage
systems.

water as bearing lubricant, 2.152

water column separation,
waterhammer, 8.100

water consumption rates, water
supply systems, 9.6

water distillation marine
pumps, 9.234

water flooding of oil fields, gas
turbines, 6.95

water flushed wearing rings, 2.119

water gages, measuring head, 13.33

water horsepower, steam
pumps, 3.59

water injection pumps, 9.148, 9.150

water power, units of measure, 13.6

water pressure booster systems,
9.447
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constant speed multipump, 9.454
control panels, 9.455
demand profiles, 9.457-9.460
limited storage constant speed
multipump, 9.456
materials of construction, 9.461
sizing tanks, 9.456
variable speed drives, 9.449-9.452
water supply systems
abrasiveness, 9.9
alkalinity, 9.9
capacities, 9.6
consumption rates, 9.6
demand fluctuations, 9.5
drivers, 9.10
frictional losses, 9.12
NPSH, 9.12
parallel/series operation, 9.13-9.14
pressure differential, 9.12
pumping time variations, 9.6
static head, 9.12
suction/discharge piping, 9.9
system-head curves, 9.10
variable speed units, 9.14
water treatment plants, 9.15
booster pumps, 9.19
carbon slurry pumps, 9.17
coagulant feed pumps, 9.16
fluoride pumps, 9.17
high-service pumps, 9.19
low lift pumps, 9.16
plant water pumps, 9.18
sampling pumps, 9.18
surface wash pumps, 9.19
wash water pumps, 9.18
water-cooled eddy current couplings,
enclosures, 6.105
water-cooled stuffing boxes, 2.145
water-jet exhausters, 4.41
water-sealing tanks, sewage
pumps, 2.144
waterhammer, 8.91
air chambers, 8.101, 8.103
basic assumptions, 8.92

check valves, 8.98, 8.102

control devices, 8.103, 8.105

controlled valve closure, 8.100

controlled valve opening, 8.102

discharge line profiles, 8.93

flywheel effect, 8.94

high head systems, 8.93

low head systems, 8.93

mining pumps, 9.208

nonreverse ratchets, 8.102

pipeline sizes, 8.94

pump motor failure, 8.95-8.96

quick opening slow closing

valves, 8.101

reducing effects, 8.93, 8.95

rigid water column theory, 8.93

solving problem, 8.95

specific pump speed, 8.94

surge suppressors, 8.100

surge tanks, 8.102-8.103

water column separation, 8.100

wave velocity, 8.93
waterwheels, 1.2
wave velocity, waterhammer, 8.93
wear, 5.13

abrasive wear, 5.16, 5.18

adhesive wear, 5.14

slurry pumps, 9.353, 9.363, 9.365
wearing rings, 2.118, 5.30

axial clearance, 2.121

axial thrust, 2.125

clearances, 2.123-2.124, 2.336

dam-type, 2.120

flat, 2.119

inspection ports, 2.120

L-type, 2.119

labyrinth, 2.119

mounting, 2.122

stationary, 2.122

step, 2.119

tolerance, 2.123-2.124

water flushed, 2.119
wearing-ring hubs, 2.118
weather protected enclosures,

electric motors, 6.16
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weather-protected eddy current worm gears, 6.148

couplings, 6.105 wound-rotor induction motors,
weighing meters, 13.14 6.5-6.6
weirs, 13.19, 13.22 contact secondary controls, 6.116
weldments, chemical pumps, 9.121 FVNR starters (full voltage
well pumps, 9.21-9.22 nonreversing), 6.111
well water pumps, 9.259 liquid rheostat controls,
wet pit once through intakes, 10.5 6.112-6.113
wet pit raw sewage pumps, 9.29 Tirastat II controllers, 6.116
wet vacuum pumps, 2.458 wrist pin bearings, power
wet-pit pumps, 2.99 pumps, 3.33
whirl, bearings, 2.266 wrist pins, power pumps, 3.31

whirl instability, cylindrical

bearings, 2.254
white liquor, paper mill

pumps, 9.162 Z
wire mesh screens, head losses, 8.71
wire-to-liquid efficiency, 2.329
wire-to-water efficiency, 2.329
wood-block transmissions, 6.171
working barrel, power pumps, 3.22

zero-bevel gears, 6.147
ZPA (zero period acceleration),
seismic nuclear pumps, 9.307
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