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INDEX

Index Terms Links

A

Abnormal operation, centrifugal pumps 2.171 2.175 11.100

11.102

Abnormal pump (four quadrant) characteristics 2.171 11.101 12.320

12.324

Abrasion 2.129 3.106 3.107

4.44 4.45 4.51

5.7 8.19 8.29

8.33 8.51 8.52

8.58 12.152

Abrasive wear:

in centrifugal pumps 4.33

in rotary pumps (other than screw

pumps) 3.135 3.136 3.138

3.152

in screw pumps 3.120

Abrasiveness 3.138 4.52

Absolute velocity 2.4 2.6 2.13

2.15 2.16 2.18

2.33 2.44 2.47

2.85 2.99 2.101

2.123 2.140LIBERTY EXHIBIT 1017, Page 1749
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Acceleration head 3.31 3.63 3.64

3.78 3.81 3.83

4.49 11.20 11.22

11.23 13.27 13.29

15.24

Acceleration time 2.337 9.23 9.24

9.27

Accelerometers 2.218 2.225 2.226

2.242 3.71

Accumulators 3.67 3.83 10.13

11.108 11.115

Acoustic filters 3.67 3.68

Acoustic velocity 3.64 3.65 3.68

11.91 11.108

Adjustable frequency drives:

flux vector 9.22 9.123 9.124

Kraemer 9.112 9.124

SCR 9.9 9.32 9.112

9.113 9.118 9.120

9.125 9.126

Adjustable frequency inverters 9.3 9.4 9.17

9.19 9.23 9.25

9.111 9.120

pulse width modulation 9.9 9.111 9.120

solid state 9.121 9.122 9.130

Adjustable-speed drives

electric 9.111

permanent magnet 9.97
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Affinity laws:

(See also Similarity relations)

centrifugal pumps 2.174 2.183 3.132

4.11 11.100 16.37

hydraulic turbines 9.82

Air admission 2.161

Air chambers 3.92 11.110 11.112

Air conditioning 2.300 12.84 12.282

12.299 12.301 12.303

12.305 14.32

closed circuit cooler 12.305

condenser water circulation 12.303 12.305

cooling towers 12.305

Air separating tanks 2.324 2.325

Air separation:

entrained (see Entrained air)

priming 2.323

siphons 7.43 11.26 11.28

Aircraft fuel pumps 12.367

airframe 12.379 12.380 12.384

12.393 12.395

(See also Airframe fuel pumps)

engine 2.126 2.160 12.367

12.369 12.383 12.392

(See also Engine fuel pumps)

fuel 12.379

contaminated 12.394 LIBERTY EXHIBIT 1017, Page 1751
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Aircraft fuel pumps (Cont.)

lubricity 12.394

solubility of air 12.380

impellers and inducers 12.392

systems 12.368

Airframe fuel pump motors 12.370

ac 12.372

brushless dc 12.372 12.374 12.376

Airframe fuel pumps 12.369 12.372 12.382

altitude performance 12.369 12.370 12.379

12.395

performance 12.379

safety requirements 12.370 12.382

Air-lift eductors 7.47

Air-lift pumps 7.47 12.38

table 12.32

Air-vacuum breaker 11.112 11.116

Alignment measurement techniques and

guidelines 2.231

Alignment of pumps and drivers 2.221 2.228 2.231

2.232 2.238 2.293

2.294 2.312 2.343

2.357 3.63 3.109

3.119 5.65 6.3

6.49 8.62 9.72

9.107 9.161 9.169

9.171 9.173 9.186LIBERTY EXHIBIT 1017, Page 1752
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Alignment of pumps and drivers (Cont.)

10.13 12.174 12.177

12.236 13.27 14.5

14.25 15.3 15.17

15.23 16.11

American National

Standards Institute (ANSI) 12.162

American Petroleum

Institute (API) Standard 5.28 2.80 2.227

2.230 9.137 12.169

12.338 14.40 15.25

American Society of Mechanical

Engineers (see ASME entries)

Anderson efficiency formula 2.25 2.59 2.67

2.92 2.180 2.190

11.139

Annular seals and Lomakin effect 2.203

Archimedean screw 1.2 12.36 12.37

Ash pumps 12.32 12.39 12.44

12.79 12.84 12.114

ASME Boiler and Pressure Vessel Code,

Section III 12.130 12.136 12.148

ASME N-stamp 12.135

ASME Power Test Code 16.28

Atmospheric pressure table A.7

Automatic bypass control system 11.126 11.135 11.137
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Axial thrust 2.6 2.23 2.28

2.51 2.54 2.74

2.78 2.79 2.143

2.164 2.222 2.268

2.276 2.309 2.310

2.342 3.33 6.5

6.6 6.45 9.186

12.113 12.172 12.174

12.288 12.405 15.22

centrifugal pumps, balancing 2.276

leakage effects on 2.52 2.53

reversal 2.163 2.164 2.212

Axial-flow impeller (propeller) 2.44 2.265 2.302

B

Backflow preventers 2.290 11.79

Backflow recirculators 2.86

Backward-curved blades 2.125 2.126

Balance and alignment 2.228 12.177

Balancing:

multiplane 2.228

single plane 2.228 9.177

Balancing devices, hydraulic 2.281

disks 2.129 2.282 12.403

drums 2.49 2.53 2.129

2.281
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Balancing specifications 2.220

Ballast pumps 12.280

Barrel pumps 12.262

Barske impeller 2.23 2.126 2.268

Baseplates (see Foundations)

Bearings 2.201

antifriction 2.154 2.194 2.298

2.306 3.28 3.107

3.108 9.99 9.186

12.292

babbitted 9.137

ball 6.5 6.6 6.12

frequencies generated by 2.194

journal 2.202 2.215 2.216

2.231 2.352 3.103

3.107 6.5 6.13

9.41 9.107 9.143

12.269 15.14 15.17

roller 6.5 6.6 6.11

6.12

sleeve 2.204 6.5 6.9

6.44 6.50

stiffness 2.193 2.197 2.205

2.222

vertical dry-pit pumps 2.298

LIBERTY EXHIBIT 1017, Page 1755



Index Terms Links

This page has been reformatted by Knovel to provide easier

Bedplates and pump supports (see Foundations)

Bernoulli equation, effects 2.16 2.32 2.37

2.107 2.115

Bernoulli equation, extended 2.14

Biased wedge blading 12.100

Bidding 14.12

evaluation of 14.26 14.28

Bilge pumps 3.89 12.278 12.280

14.2

Black liquor 3.155 12.191 12.192

12.194 12.195 12.198

12.199 12.201 12.204

12.205 12.219

Blade angle 2.33 2.38 2.39

2.59 2.132 12.379

Blade loading: 2.16 2.34 2.38

2.47 12.379

Bladeless impellers 12.34

Blade-vane interactions 2.74 2.78 2.196

2.197 2.199

Boiler circulating pumps 2.279 12.112 12.113

Boiler injectors 7.48 7.49

Boiler-feed pumps 2.73 2.159 2.160

2.167 2.289 12.83

15.8 15.13

marine feedwater 2.262

steam power plants 12.83 LIBERTY EXHIBIT 1017, Page 1756
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Boiling water reactor (BWR) plant 12.117

Booster pumps 3.118 4.49 5.68

5.70 12.20 12.26

12.49 12.84 12.90

12.91 12.257 12.266

12.272 12.273 12.275

12.367 13.23 14.5

Borehole pumps

(see Vertical turbine pumps)

Boric acid transfer pumps 12.120

Boron injection recirculation pumps 12.118

Bottom-suction pumps 2.258

Bowl, centrifugal pumps 2.44 2.221 2.251

assembly of 2.300

Brake horsepower 2.123 3.4 3.5

3.58 3.113 3.115

9.57 9.94 10.8

11.80 11.124 12.93

15.13 16.6

Branch-line pumping systems 11.83

pump total head in 11.90

closed-loop system-head curves 11.83

flow control in 11.88

open-ended system head curves 11.84

Brushless dc motor 9.4 9.10 9.13

9.14 12.376 12.378

BWR (boiling water reactor) plant 12.117

Bypass (see Pump bypass) 11.87
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C

Calibration, test instrument 16.7 16.12

Can (tank), vertical turbine pumps 2.302

Canned (sealless) motor pumps 2.313

Canned motor pumps 2.313 2.329 2.349

6.5 12.161 12.162

Cantilever pumps 8.45

Capacity (flow rate) 2.5 2.121 2.128

testing of 16.8 16.36

Capacity (flow rate) regulation,

centrifugal pumps 2.160 2.238

(See also Controls, pump)

adjustable vanes 2.160

air admission 2.161

bypass regulation 2.160

discharge throttling 2.160 2.161 12.224

14.6 14.17

speed regulation 2.160 9.43 9.123

suction throttling 2.160

Casing handholes 2.259

Casings, centrifugal pumps:

axially split (horizontally) 2.251 2.254 2.258

2.274

diffuser 2.40 2.259 2.300

2.302 2.313 12.32
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Casings, centrifugal pumps: (Cont.)

12.34 12.37 12.96

12.98 12.292 12.348

12.352 12.403 12.404

double-volute (twin) 2.3 2.169 2.171

2.253

radially split (vertically) 2.262

volute 2.40 2.66 2.140

2.157 2.164 2.168

2.207 2.210 2.212

2.214 2.234 2.235

2.249 2.254 2.259

Cavitation 2.5 2.7 2.16

2.21 2.63 2.70

2.74 2.85 2.109

2.129 2.140 3.24

3.60 3.63 3.64

3.69

bubble collapse 2.87 2.90 2.141

2.196 2.211 8.13

flow visualization 2.86 2.109 12.100

13.47

materials resistant to 2.151

model tests of 2.86 16.40

noise from 10.2 10.11

pump turbine 12.318
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Cavitation (Cont.)

pumped storage 12.318

rotary pumps

(other than screw pumps) 3.126 3.136 3.139

3.141 3.152 3.156

screw pumps 3.109

test of 2.145

Thoma parameter for 2.146

(See also Net positive suction head)

Cavitation coefficient 2.30 2.99 2.110

7.12 7.16 7.17

16.9

Cavitation damage 2.5 2.88 2.90

2.95 2.129 2.130

2.142 2.143 2.150

2.160 2.187 2.212

3.18 3.153 3.154

8.14 8.15 8.28

11.134 12.60 12.96

12.138 12.297 13.27

13.47

40,000 hours life 2.88

on impeller blades, pressure side 2.86 2.210

on impeller blades, suction side 2.142 12.99

impeller life prediction 2.87

resistance of materials to 2.151
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Cavitation erosion 2.70 2.78 2.84

2.86 2.87 2.141

2.143 2.151 2.152

2.188 8.13 8.14

8.28 12.96 12.98

12.99 12.395 12.397

Cavities in impellers 2.86 2.87 2.109

12.98

Centerline support of casings 2.294

Centrifugal pumps:

construction:

major components and

configurations 2.249

high-energy pumps 2.70

hydraulic design 2.27

hydraulic performance and behavior 2.121

theory 2.3

efficiency 2.11 2.24

energy transfer 2.9

velocity diagrams and head

generation 2.12 2.14

static pressure generation 2.14

net positive suction head 2.16 2.25

performance characteristic curves 2.18 2.45

scaling and similitude 2.19

specific speed and optimum geometry 2.21

vibration and mechanical behavior 2.191 LIBERTY EXHIBIT 1017, Page 1761
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Centrifugal slurry pumps

(see Slurry pumps, centrifugal)

CFD analysis 2.45 2.49 2.65

2.94 2.97 13.20

13.21

cavitation and two-phase flow 2.99 2.109 2.113

2.118

frozen flow 2.98

impellers and inducers 2.104 2.107 2.110

inlet passageways 2.107

large eddy simulation (LES) 2.105 2.117

mesh 2.103 2.104 2.111

optimizing hydraulic design 2.106 2.108

performance prediction 2.105 2.107 2.108

2.112 2.116

RANS codes 2.100 2.112 2.115

stage interface 2.105 2.107 2.108

turbulence modeling 2.101 2.102 2.104

2.108 2.117

unsteady solution 2.98 2.99 2.101

2.104 2.111 2.117

Channels, open, flow in 11.5 11.12 11.41

Charging pumps 12.118

Chemical industry pumps 12.151

corrosion of 12.151 12.156

materials of construction for 12.151 12.153

standards for 12.153 12.162LIBERTY EXHIBIT 1017, Page 1762



Index Terms Links

This page has been reformatted by Knovel to provide easier

Chilled water pumps 12.84 12.121 12.304

Circulating pumps:

boiler 12.112

condenser 12.79 12.83 12.84

12.109

hot water 12.84 12.182 12.300

Classification of pumps 1.2

displacement pumps (reciprocating, rotary) 1.4

dynamic (centrifugal) 1.3

Clearance: effects on performance 2.130

Clutches 9.163

Coatings 2.152 2.288 2.344

3.24 3.97 3.108

3.155 8.9 8.17

8.33 8.38 8.46

8.48 9.91 10.14

12.253 15.8

Codes 2.100 14.4 14.8

Collector design 2.40 2.66

Collector static pressure rise 2.15

Complete pump characteristics 2.171 11.102 11.105

four quadrants 11.100 11.103 11.105

12.320 12.321 12.324

representation for numerical analysis 11.104 11.108

zones of operation 2.171 11.98 11.100

12.320
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Component cooling water pumps 12.118

Component efficiencies 2.11 2.12 2.45

2.61 2.128 3.143

Compressibility factor 3.7 3.8

Concrete casing 12.52

Condensate pumps 2.145 2.160 2.289

5.12 5.68 8.36

9.76 9.129 12.84

12.88 12.104 12.266

12.267 12.274 12.281

12.297 13.34

Condenser circulating pumps 12.79 12.83 12.84

12.109

Conduits, noncircular, flow in 11.41

Connecting rod, power pumps 3.16 3.18 3.19

3.22 3.31 3.33

Construction of pumps

(see Materials of construction)

Contact secondary controller 9.118

Containment spray pumps 12.118

Continuous crossover diffuser 12.352 12.354

Control rod drive pumps 12.122

Controls, pump 2.160

[See also Capacity (flow rate)

regulation, centrifugal pumps]

bypass for 2.160

open-loop control 6.48 LIBERTY EXHIBIT 1017, Page 1764
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Controls, pump (Cont.)

pressure sensors 9.107

submergence control 2.143 12.268

throttling 2.160 2.180 2.210

3.83 3.88 9.142

11.134 12.91 12.93

12.105 12.183 12.265

12.266 12.268 12.389

15.13

Conversion tables:

USCS to SI units A.23

Viscosity A.20

Core spray pumps 12.124

Corrosion 2.90 2.286 2.349

2.352 3.89 3.131

8.4 12.110 12.137

12.151 12.195

abrasive wear 2.288 8.15 8.17

8.27 8.29 8.31

8.50 8.52 11.125

12.236 12.394

cavitation erosion 8.13 8.14 8.28

erosion 8.20

fatigue 8.4 8.12 8.23

12.156

galvanic 8.6 8.11 8.12

8.37 8.38 8.52

9.182 12.110 12.157
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Corrosion (Cont.)

graphitization 8.6 12.157

intergranular 8.12 8.13 8.52

12.156 12.157

leaching 12.22 12.157

pitting 2.70 2.141 2.151

8.4 8.5 8.11

8.12 8.24 8.26

8.28 8.29 8.37

8.38 8.45 8.46

8.52 12.153 12.156

stress (cracking) 8.9

velocity 8.4 8.8 8.11

8.20 8.27 8.37

8.52

Corrosiveness 3.137 3.138 8.16

8.22 8.42 8.45

12.179 12.186 14.4

Couplings 2.214 2.292 9.20

9.21 9.72 9.77

9.97 9.99 9.103

9.107 9.138 9.154

9.169

continuously lubricated 9.172

flexible 9.171

fluid 9.129

limited end float 9.183 LIBERTY EXHIBIT 1017, Page 1766
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Couplings (Cont.)

nonreverse ratchet 9.20 9.21

rigid 9.169

self-release 9.20 9.21

spacers 9.184 9.185

universal joint 2.207 9.187

vibration due to 9.181

Crankshaft, power pumps 3.16 3.22 3.26

3.28

Critical speed 2.198 2.201 2.202

2.204 2.207 2.211

2.218 2.219 2.230

2.245 2.247 2.284

9.143 9.182 9.186

9.187 9.189 10.4

12.174 12.405

shaft lateral 2.198 2.207

shaft torsional 2.209 2.218

Crosshead, power pumps 3.18 3.31 3.54

3.88

Crossways, power pumps 3.32

Cryogenic pumps for

liquefied gas service 12.335

design considerations 12.345

development of 12.344

electrical power cable 12.354

ex-tank 12.342 12.346LIBERTY EXHIBIT 1017, Page 1767
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Cryogenic pumps for

liquefied gas service (Cont.)

inducers 12.345 12.347 12.350

12.379 12.391 12.392

12.397 12.403

in-tank 12.342 12.348 12.358

12.369 12.370

materials 12.347

motors 12.336 12.342 12.345

12.347 12.349

performance 12.349

shipboard 12.338 12.339

testing 12.345 12.354 12.356

Curve shapes, centrifugal pumps 2.45

Cutwater 2.9 2.140 8.23

8.46 8.47 10.4

10.11 12.159 12.223

Cyclone separator 2.290 5.46 5.47

D

Darcy-Weisbach formula 4.19 11.33 11.36

11.41

Datum plane (elevation) 2.121

Diameter reduction of impellers: effects of 2.132

Diaphragm pumps 3.85

Differential head 3.87 11.129 16.15
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Differential pressure meters 16.13 16.15

Differential pressure, pump 11.80

(See also Head)

Diffision factor 2.37 2.38 2.44

Diffuser casing (see Casings, centrifugal

pumps, diffuser)

Diffuser pumps 2.212 2.249 12.37

Diffusers 2.29 2.41 2.43

2.44 2.77 2.93

12.94 12.173 2.98

2.101 2.107 2.108

2.126 2.206 2.251

2.252 8.43 12.34

12.71 12.94

continuous crossover 12.352 12.354

radial flow 2.43 2.70 12.353

Discharge recirculation 2.5 2.52 2.78

2.164 2.197 2.210

2.212 12.269

Disk friction drag 2.12 2.49 2.50

2.68 2.101 1.129

2.132 2.184 2.282

Displacement pumps 2.3 2.23 3.1

(See also specific types)

classification of 1.3

diagnostics 3.63

flow control 3.75 LIBERTY EXHIBIT 1017, Page 1769
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Displacement pumps (Cont.)

operational problems 3.63

pulsations 3.9 3.10 3.24

3.31 3.35 3.36

3.64 3.67 3.72

3.81 3.83 3.87

3.88 3.91 3.117

3.131 3.135

vibrations 3.63 3.70 3.110

Displacement sensors 2.226

Double suction impellers 2.23 2.28 2.53

2.122 2.130 2.148

2.264 2.269 12.223

Double-casing pumps 2.262

Double-end screw pumps 3.104

Double-volute (twin volute) casing pumps 2.41 2.168 2.171

2.253 2.315

Doweling of pumps and drivers 15.8

Drainage and irrigation 12.47

discharge systems 12.56

pump selection 12.55 12.61

pump types 12.50

Drainage pumps 12.47 12.48

Dredge pumps 4.34

Droops in head curves 2.46
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Dry running 3.124 3.129 3.134

5.22 5.30

aircraft fuel pumps 12.374 12.376 12.382

12.384

rotary pumps (other than screw

pumps) 3.123 3.129

Dry-pit centrifugal pumps 2.298 13.37

Duplex steam pumps 3.44

Dynamic pumps 1.3 1.4 14.16

Dynamometers 9.25 16.34

E

Eddy viscosity 2.101 2.105 2.117

Eductors 7.23

air-lift 7.47

deep-well 7.30 7.38

mixing 7.33

multinozzle 7.38 7.40

priming 2.319 7.41

sand and mud 7.34 7.36

solids handling 7.36

spindle proportioning 7.34

theory of 7.3

Efficiency:

Anderson 2.24

roughness effect 2.25

size effect 2.24 LIBERTY EXHIBIT 1017, Page 1771
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Efficiency: (Cont.)

calculation of 2.11 2.24 3.4

3.114 3.143

centrifugal pumps:

charts 2.25 2.127

hydraulic 2.12 2.47

impeller 2.47

maximum 2.222

specific speed relationship 2.25

viscosity corrections 2.25 3.133

definition of 2.10 3.4 3.143

mechanical 2.12 2.48 3.5

3.57 3.58 3.114

3.143

overall pump 2.11 2.12 2.18

2.29 2.59 3.4

3.143

prediction from model tests 16.38

rotary pumps (other than screw

pumps) 3.143 3.143

scale correction 16.39

volumetric 2.12 2.48 3.6

3.113 3.138 3.143

wire-to-liquid 2.123

wire-to-water 2.123
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Ejectors 2.319 2.323 7.3

7.20 7.21 12.33

12.40 12.114 12.269

(See also Jet pumps)

priming 7.38 7.41

Elastomers 3.86 3.95 3.98

4.35 4.39 4.46

4.51 5.5 5.32

9.173 9.174 12.136

12.159 12.333

Electric drives, single-unit adjustable-speed

(see Adjustable frequency drives)

Electric input horsepower (kilowatts) 16.6

Electric motors 9.3

ac inverters 9.3 9.4

ac types of

squirrel-cage induction motor 2.313 9.3 9.23

9.24 9.121 11.17

synchronous motor 9.6 9.22 9.24

9.145

wound-rotor induction motor 9.5 9.113 9.124

bearings and lubrication 2.352 9.17

brushless dc 9.4 9.10 9.13

9.14 12.372 12.374

12.376 12.378

constant-frequency ac induction 12.371

controls for 9.27 LIBERTY EXHIBIT 1017, Page 1773
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Electric motors (Cont.)

coupling methods 9.20

dc 9.3 12.371 12.376

efficiency 9.4 9.21 9.25

enclosures 9.14 9.101 9.121

10.17 10.18 12.258

environmental factors 9.16 9.19

excitation 9.6 9.26 9.30

induction 9.3

insulation 9.12 9.18 9.19

9.22

low-voltage brush-type dc 12.372

lubrication 9.17 9.18 9.22

performance 9.21

permanent magnet 9.4 9.10 9.11

9.13 9.32 9.35

12.378

power factor 9.8 9.9 9.21

9.26 12.374

sealless centrifugal pumps 9.33 9.34

service factor 9.19 9.25

speed-torque characteristics of 9.6 9.7 9.121

12.351 12.373

starters 9.27 9.28 9.30

9.32

submersible pumps 9.33 12.347
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Electric motors (Cont.)

switched reluctance 9.4 9.13 9.14

9.19 9.35 9.122

synchronous 9.4 9.6 9.17

9.22 9.30

total mass moment of inertia (MK2) 9.24

total weight (force) moment of inertia (WK2) 9.24

types of controls 9.27

variable frequency drive 2.220 3.9 9.111

9.129 12.96 12.342

variable-frequency ac induction 12.204 12.342 12.354

12.371 12.374

Electric motors and motor controls 9.3

(See also Electric motors)

heat loss 9.137 9.138

ac adjustable-voltage drives 9.111

adjustable-frequency drives 9.111 9.120

contact secondary controls 9.118

dc motors with SCR power supplies 9.125

drive costs 9.125

liquid rheostat controls 9.113

Electrical power cable 12.354

Electromagnetic pumps 3.87

Elevation head 2.10 11.4 11.6

11.25 11.86
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End-suction pumps 2.254 2.258 2.259

2.264 2.268 9.184

Endurance limit 8.24 8.26 8.30

8.31

Energy gradient 11.12

Energy in incompressible liquid 11.4

(See also Head)

elevation head 2.10 11.4 11.6

11.25 11.86

pressure head 2.10 11.4 11.68

11.77 16.15 16.17

total head 2.10 2.14 11.5

11.32 16.6 16.17

16.34

velocity head 2.10 2.14 2.16

2.166 2.271 7.15

7.19 11.4 11.54

11.69 12.56 16.4

16.40

Energy level 2.4 2.41 2.57

2.66 2.70 12.400

Energy transfer in impellers 2.9

Engine fuel pumps, aircraft 12.383 12.387 12.390

12.392

(See also Main fuel pumps,

aircraft engine)
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Engine fuel pumps, aircraft (Cont.)

boost stage 12.383 12.384 12.387

12.391 12.400

cold start 12.394

gear stage 12.388 12.393 12.395

inlet pressure 12.395

pump output versus engine flow 12.388

spur gear pump 12.383 12.385 12.389

12.390 12.393

Engines, internal combustion 9.55

brake mean effective pressure 9.57

displacement of 9.59

duty cycle 9.57 9.67

power ratings 9.55 9.58

rotation of 9.58

specific fuel consumption 9.57

torque of 9.57

torsional analysis of 9.72

vibration isolation of 9.72

Entrained air 2.149 2.152 2.184

2.188 2.323 3.100

3.111 3.135 11.28

12.194 12.205 12.228

12.230 13.36 13.52

15.25

[See also Vapor-to-liquid

volume ratio (VIL)] LIBERTY EXHIBIT 1017, Page 1777
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Entrained gas 2.21 2.26 2.347

3.18 3.24 3.35

3.103 3.135 12.39

12.203 12.208 12.227

12.232 12.284 12.287

Equivalent diameter 11.41

Equivalent length for valves and fittings 11.54

Erosion:

(See also Corrosion)

abrasive wear 2.288 8.15 8.17

8.27 8.29 8.31

8.50 8.52 11.125

12.236 12.394

cavitation 2.70 2.78 2.84

2.87 2.129 2.141

2.146 2.150 3.18

3.64 2.136

on impeller blades 2.70 2.87

Euler's pump equation 2.12

Exit diffuser design 2.42 2.212

Exit tip speed 2.18 2.33 2.85

2.87

Expansion joints 2.213 2.222 2.295

12.205 13.27 13.28

15.10
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F

Face and rim 2.231

Field approximating 16.26

Field tests 2.243 16.2 16.13

Finite element analysis 2.119 2.205 2.206

2.221 5.26 8.52

12.350

Fire pumps 12.63 12.65 12.71

12.73 12.75 12.77

12.84 12.277 12.278

Firm capacity, definition of 12.33

Flexible member pumps 3.125 3.126 3.140

3.152

Float switch 2.307 2.327 12.257

12.282

Floating ring seals 12.114

Flow analysis:

CFD 2.17 2.32 2.33

2.45 2.49 2.55

2.63 2.65 2.66

2.68 2.69 2.97

one-dimensional 2.3 2.13 2.14

2.18 2.19 2.29

2.33 2.34 2.45

2.49 2.58 2.60
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Flow analysis: (Cont.)

2.61 2.63 2.66

7.8 7.9 7.11

7.14 7.20

quasi-3D 2.6 2.49 2.51

2.63 2.65 2.94

2.98 2.107 2.114

2.118 4.48

Flow coefficient:

centrifugal impellers 1.4 2.7 2.29

2.31 2.41 2.44

2.58 2.59 2.82

2.83 2.99 2.111

2.115 2.116 11.56

11.57 11.92 11.97

11.98 11.101 12.320

12.399

valves (Cv, Kv) 11.54 11.56

Flow meters 11.135

acoustic 2.108 16.26

flume 16.13 16.19 16.22

16.42

horizontal discharge pipe

(field approximating) 16.26

nozzle 16.8 16.13 16.15

16.25

orifice 16.8 16.13 16.15

16.23
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Flow meters (Cont.)

piston 16.8 16.13 16.14

pitot tube 2.166 13.48 14.17

16.8 16.13 16.17

16.18

radioisotope 16.26

salt velocity 16.26

venturi 11.66 11.68 11.70

11.135 16.8 16.13

16.15 16.27

vertical discharge pipe 16.26 16.28

weir 11.27 16.13 16.18

Flow visualization testing 2.86 2.89 2.109

12.98

Flow work 11.5

Fluid drives (also called fluid

couplings) 9.129

alternate arrangements 9.143

construction 9.136

design 9.130

efficiency comparisons 9.136

fundamental equations 9.135

operation 9.141

power loss and temperature

conditions 9.138

types of variable speed 9.129

variable speed 9.145

vibrations 9.143
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Fluidlstructure interactions 2.73 2.74

Flywheel effect 2.154

Food and beverage pumping 12.233 12.241

Foot valves 2.153 2.317 2.318

2.327 11.56 11.57

15.14

Forebay (see Intake, forebay)

Forward-curved blades 2.126

Foundations 2.205 2.245 2.311

2.312 3.87 6.15

14.11 15.3 15.8

Four-quadrant characteristics 2.171 11.101 12.320

12.324

(See also Complete pump

characteristics)

Friction factors:

Darcy-Weisbach formula 4.19 11.33 11.36

11.41

Hazen-Williams formula 11.34 11.36 11.39

11.40

Manning formula 11.41 11.50

Friction, pipe (see Head loss,

pressure pipes)

Froude number 13.6 13.11 13.42

13.43

(See also Intake modeling)
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Froude scaling 13.43

Fuel oil pumps: marine pumping

systems 12.271

G

Galvanic corrosion 8.7 8.11 8.38

12.110 12.157

Gaps A and B, and overlap 2.78 2.212

Gas, entrained 2.21 2.26 2.347

(See also Entrained air; Entrained gas)

Gas turbines 2.153 2.243 2.246

3.76 9.87 9.95

9.96 9.182 12.80

12.183 12.309 12.311

Gear pumps 3.123 3.127 12.39

12.189 12.199 12.236

12.273 12.276 12.277

12.362 12.384

bearing loading 3.129

Gears 9.147

how gears work 9.148

lubrication 9.161

materials and heat treatment 9.157

parallel shaft gearing 9.156

repair 9.166

right-angle gearing 9.156
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Gears (Cont.)

tooth contact 9.160

typical failures 9.165

vibration 9.163

worm gearing 9.157

Gland plates:

mechanical seals 5.18 5.25 5.31

5.35

stuffing box 5.3 5.4 5.6

5.7 5.9 5.14

Graphitization 8.6 12.157

Green liquor 12.192 12.195 12.197

12.199 12.204

Grout 2.295 3.50 3.97

8.62 9.71 9.72

15.8

H

Hand-operated pumps 3.49 3.89

Hardness of material and erosion resistance 8.14 8.16 8.19

Hazardous liquids: portable transfer of 12.361

Hazen-Williams formula:

friction factor 11.34 11.36 11.39

Head 2.110 2.115

2.121 2.130 2.136

2.140 2.142
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Head (Cont.)

absolute 11.5 11.9 11.25

acceleration 11.20 11.22

datum 2.121

definition of 2.9

discharge 11.17 11.25 11.138

elevation 2.10 11.6

inertial 11.22

measurement of 16.26 16.27

pool-to-pool 16.29

pressure 11.4

pump total 2.10 11.8

pump total in branch-line systems 11.90

pump total rating 11.3

shutoff 2.18 2.57 2.128

2.156 2.162

siphon 11.25

suction 2.122 2.142 2.145

(See also Net positive suction head)

suction lift 2.145 2.153 2.278

2.288 2.289 2.317

2.321 2.326 3.57

3.95 3.109 3.110

3.120 3.134 3.136

5.12 7.27 7.30

7.44 7.47 10.11
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Head (Cont.)

12.66 12.73 12.110

12.236 12.257 12.258

12.278 12.280 13.17

13.27 13.28 15.16

15.23 15.25 16.4

16.6 16.9 16.17

16.39

system-head curves 3.82 11.3 11.84

12.258 15.13

testing 16.1 16.5 16.7

16.9 16.11 16.17

16.19 16.21 16.23

16.25 16.29 16.31

16.33 16.35

total 2.10 11.6 11.8

total dynamic 2.10 11.92 11.100

12.146 12.205 12.258

transients in system 11.17 11.101 12.320

variable system 11.13

velocity head 2.10 2.14 2.16

2.166 2.271

Head area meters 16.13 16.18

Head coefficient 1.4 1.5 2.7

2.19 2.21 2.22

2.28 2.29 2.45
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Head coefficient (Cont.)

2.50 2.56 2.57

2.59 2.68 2.105

4.37 11.92 11.101

12.320 15.21

axial-flow geometries 2.23 2.29

Head generation 2.12 12.230

Head loss 2.4 2.55 2.149

3.81 4.19 11.13

11.83 11.92 11.111

12.25 12.42 12.198

12.211 12.229 12.258

13.3 13.5 13.22

13.45 13.48 16.15

16.22 16.23

bar racks 11.69 11.73 11.74

bends 2.225 2.239 3.70

5.56 9.68 11.65

12.25 12.205 12.209

12.212 12.224

increasers 9.77 11.64 11.65

meters 13.49 15.12 16.3

16.4 16.6 16.13

16.17

minor losses 11.25 11.53 11.54

open channels 11.5 11.12 11.41
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Head loss (Cont.)

perforated plates 11.69 11.73 11.81

pressure pipes 11.32 11.34

pump suction elbows 11.66

reducers 3.89 9.77 11.57

11.65 13.26 15.9

screens 11.69 11.80 11.81

slurries 4.4 4.40 4.44

valves and standard fittings 11.53

viscous liquids 2.25 3.55 3.91

3.111 3.114 3.133

3.144 11.40

Head vs flow rate: CFD prediction of 2.17 2.32 2.45

2.48

Head-capacity (flow rate) curves, cen-

trifugal pumps 2.18

(See also System-head curves)

Heater drain pumps 12.84 12.104 12.107

types of 12.108

Heterogeneous flow 4.27

High-energy pumps 2.9 2.36 2.44

2.52 2.63 2.70

11.123 11.125 12.90

cavitation damage 2.87 12.98

stress levels 2.70

vane interactions 2.75
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Homogeneous flow 4.5

Homogeneous slurries 4.4 4.5 4.26

4.27

Homologous (affinity) laws 11.100

Horsepower: brake (see Brake horsepower)

Horsepower: liquid 2.122

Horsepower: water (see Water

horsepower)

Hydraulic balancing devices

(see Balancing devices, hydraulic)

Hydraulic couplings (see Fluid drives)

Hydraulic design (fluid dynamic design) 2.3 2.27

examples 2.57 2.74

impellers 2.29 2.57

vaned diffusers 2.43 2.107

volutes 2.41 2.66 2.108

Hydraulic diameter 2.4 2.42 2.48

9.131 9.137 11.75

Hydraulic gradient (HLG) 4.6 4.22 11.12

11.34 11.41 11.96

11.112 12.19 12.20

12.50 12.56 13.48

Hydraulic Institute (HI) 2.80 2.227 12.177

14.33 14.40

Hydraulic motors 12.50 12.292 12.295

12.369
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Hydraulic radius 2.42 11.34 11.41

11.53

Hydraulic transients 2.189 9.84 11.17

11.91 11.101 12.320

analysis 2.174 11.98 11.100

12.320

load rejection 11.104 12.321 12.322

power failure 2.171 11.101 12.322

Hydraulic transport of solids 4.3 4.31 4.48

Hydraulic turbines 2.180 9.75 11.120

12.177 16.39

Francis 9.77 12.311 12.314

16.20 16.41

Pelton 9.77 9.79 12.311

12.315

propeller 9.79

I

Impeller(s):

axial-flow (propeller) 2.44 2.251 12.110

12.269

backward-curved blade 2.125

blade (vane):

angles 2.33 2.38 2.40

2.63 2.68

construction 2.32

number 2.36 2.75LIBERTY EXHIBIT 1017, Page 1790
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Impeller(s): (Cont.)

shape 2.33 2.38 2.44

2.51 2.63 2.107

bladeless 12.34

design 2.29

blade layout 2.33 2.39

head coefficient 2.19 2.28 2.45

2.50 2.56 2.57

2.59 2.68

inducer 2.26 2.30 2.86

2.99 2.110 2.152

2.264 2.266 2.316

suction specific speed 2.57 2.166 2.83

diameter reduction 2.132 2.133 2.135

double-suction 2.23 2.28 2.53

2.122 2.130 2.148

2.264 2.269 12.223

enclosed (closed) 2.250 2.301

Euler's equation for 2.13

extended Bernoulli equation for 2.14

forward-curve blade 2.124 2.126

Francis blade 2.264 2.265

materials for 8.27

mixed-flow 2.49 2.264

nomenclature 2.4 2.249 2.268

nonclogging (sewage) 2.266 2.268
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Impeller(s): (Cont.)

open 2.12 2.23 2.49

2.250 2.265

radial-flow 2.249 2.252 2.264

2.265 2.276 2.279

2.309

reversed 2.128 2.159 2.164

2.171 2.174 2.177

2.269

semi-open 2.12 2.49 2.250

12.51

shaping 2.29 2.32 2.33

2.136

inlet blade tips 2.139 2.140

overfiling blade tips 2.136

underfiling blade tips 2.136

side plates 2.257 2.266 2.268

4.39

single-suction 1.5 2.23 2.264

2.268

static pressure rise 2.15 2.43 2.70

straight-vane (-blade) 2.264

types 2.264

Index tests 16.2
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Inducers 2.26 2.30 2.86

2.99 2.110 2.152

2.264 2.266 2.316

12.345 12.350 12.392

12.397 12.403

design of 2.32 2.152

Inductors, priming 2.317 2.319

Inertia: liquid 2.157 2.171 2.175

Inertia: moment of 2.154 2.171 2.201

2.214 9.24 9.189

11.23

Injection-type shaft seals,

centrifugal pump 5.63

Injectors 6.9 7.21 7.48

7.49 12.272

Injectors boiler 7.48

Injectors definition of 7.23

Inlet conditions, screw pumps 3.109

Inlet flow field 2.33

Inlet tip speed 2.87 2.88 12.98

In-line centrifugal pumps 12.162 12.168

Inspection for maintenance 15.16

Installation:

alignment 15.3 15.17 15.23

16.11

care of equipment in field 15.2

doweling of pump and driver 15.8 LIBERTY EXHIBIT 1017, Page 1793
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Installation: (Cont.)

foundations 2.205 2.245 2.311

2.312 3.87 6.15

14.11 15.3 15.8

gears 5.69 6.9 6.11

9.62 9.136 9.137

9.147 9.153 9.165

grouting 2.295 15.3 15.5

15.7 15.8 15.21

instruction books 15.2 15.7 15.16

mounting of vertical pumps 15.3

pump location 15.3

Instruction books 15.2 15.7 15.16

Instrumentation 2.225 2.239 3.4

3.63 3.65 3.67

3.69 3.73 5.48

5.49 7.15 9.137

9.138 10.2 11.125

11.130 12.43 12.107

12.257 12.307 12.356

14.5 14.9 15.12

16.2 16.7 16.11

16.12 16.41

Intake modeling 13.37 13.39 13.41

13.43 13.45 13.47

13.49 13.51 13.53
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Intake modeling (Cont.)

design and operation of 13.41 13.44 13.52

observation techniques in 13.47

reasons for 13.37

similitudes for 13.41

Intakes 12.19 13.1 13.3

13.5 13.9 13.15

13.17 13.23 13.27

13.29 13.31 13.33

13.35 13.40 13.41

13.50 13.52 13.53

back vents in 13.15

environmental considerations of 13.18 13.23 13.41

fish in 13.18

forebay 12.20 13.10 13.13

13.15 13.18 13.32

multiple pumps, wet-pit 13.15

once-through, open-pit 13.13

Ranney well 13.12 13.13 13.18

13.23

recirculating, open-pit 13.13

screens and trashracks for 13.13

silt in 13.15

turning vanes 13.24

velocity caps in 13.14 13.18

vortices and eddies 13.23 13.37
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Integrated sealless pump and motor 9.12

Intergranular corrosion 8.12 8.13 8.52

12.156 12.157

Internal combustion engines

(see Engines, internal combustion)

International Standards Organization (ISO) 2.227 12.172

Inverse design 2.51 2.119

Irrigation pumps 12.49

capacity (flow rate) of 12.55

head of 12.56

number required 12.55

setting of 12.59

station design for 12.60

types of 12.50 12.60

Isentropic bulk modulus of water 3.66

Isothermal secant bulk modulus of oils 3.66

J

Jet compressors 7.23

(See also Jet pumps)

Jet pumps 7.1 7.8 7.10

7.12 7.14 7.19

7.23 12.121 12.122

12.127 12.369 12.384

16.41
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Jet pumps (Cont.)

applications 7.23

cavitation 7.11 7.12

centrifugal-jet pump interactions 7.19

design examples 7.15

eductors (see Eductors)

efficiency 7.14 7.20 7.25

7.29 7.38

ejectors 7.3 7.20 7.21

friction loss 7.4 7.5

injectors 7.21 7.48 7.49

jet compressor 7.23

liquid-jet gas 7.4

liquid-jet liquid 7.4 7.6 7.9

7.15

longitudinal dimensions 7.14 7.16 7.20

other applications 7.20

pressure ratio 7.4 7.13 7.20

siphons 7.43

theory 7.3

liquid-jet 7.3 7.12 7.15

7.20

Jockey pumps 12.71 12.84
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K

Karman-Knapp diagram 11.104

Kinetic energy 2.99 2.102 2.117

2.254 8.13 8.21

8.46 9.37 9.39

9.40 9.45 9.47

11.5 11.6 11.64

16.14

L

Laminar flow 2.101 3.140 4.7

4.9 4.26 4.27

6.15 6.16 6.19

11.32 11.34 11.40

11.42 11.54

Lantern rings 2.152 2.289 5.6

15.16

Lateral shaft vibration 9.164

Liquefied natural gas (LNG) 12.283 12.292 12.335

Liquid end:

power pumps 3.22

steam pumps 3.37 3.44 3.47

3.49
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Liquid rheostat controls 9.113

Liquid rocket propellant pumps:

data on 12.397 12.399 12.401

12.403 12.405

F-1 turbopump 12.398 12.405

inducers 12.397 12.403

RD-170 engine 12.405

space shuttle main engine

(See also SSME) 12.400

LNG 12.283 12.292 12.294

12.335

boil-off gas 12.336 12.338 12.340

liquefaction 12.336 12.344

receiving facilities and equipment 12.337

Load rejection 11.104 12.321 12.322

12.324 12.325

four-quadrant path for 12.325 12.326

Lobe pumps 3.123 3.127 3.129

3.130 12.237

Locks, screw pumps 3 100 3.116

Lomakin effect 2.198 2.203 2.204

2.215 2.223 2.243

6.5 12.188

Losses 2.4 2.5 2.8

2.14 2.18 2.38

2.39 2.41 2.44

2.59 2.60 2.63

2.68
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Losses (Cont.)

diffusion 2.47 2.49 2.98

2.107 2.140

disk friction 2.8 2.12 2.48

2.68 2.101 2.129

2.132

head 2.12 2.47 2.133

2.136 2.140

incidence 2.15 2.46 2.63

2.77 2.88 2.89

2.107 2.140 2.210

2.212 12.39 12.98

mechanical 2.4 2.5 2.9

2.10 2.28 2.48

secondary flow 2.15 2.47 2.49

skin friction 2.38 2.43 2.47

2.107

LPG 9.55 9.59 9.60

12.186 12.188 12.283

12.288 12.292 12.335

Lubrication:

for bearings 6.7 6.122 6.14

for gears 9.162

for power pumps 3.6 3.35
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M

Magnetic couplings 9.10 9.12

Magnetic drive pumps 2.313 2.329 6.5

12.207

Main fuel pumps, aircraft engine 12.383 12.387 12.390

12.392

(See also Engine fuel pumps, aircraft)

design 12.385

system 12.387

vapor/liquid ratio [see Vapor-to-liquid

volume ratio (V/L)]

Maintenance:

annual inspections 15.18

check chart: centrifugal pump troubles 15.20

complete overhaul 15.17

daily observation of pump operation 15.16

gears, table 9.162

metering pumps 12.332

pump troubles, diagnosis of 2.233 15.20

reciprocating pump troubles 15.24

record of inspections and repairs 15.18

rotary pump troubles 15.23

semiannual inspections 15.16

spare and repair pair 15.19

steam pump troubles 15.25
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Manifolds, power pumps 3.27

Manning formula 11.41 11.50

Marine pumping systems 12.261

boiler-feed systems 12.262

fresh-water services 12.272

fuel oil services 12.271

seawater services 12.272

Material damage mechanisms 8.3

Materials, cavitation damage resistant 2.151 8.14

Meridional velocity 2.6 2.31 2.36

2.61 2.63 2.82

2.124 2.136

Metering pumps 3.87 3.155 9.22

12.84 12.327

controls for 12.331

diaphragms 12.331 12.333

hydraulically actuated diaphragm 12.327 12.329 12.331

maintenance of 12.332

materials for 12.332

mechanically actuated diaphragm 12.327 12.328 12.331

12.333

packed plunger 12.327

rotary pumps (other than screw pumps) 3.123 3.129 3.155

12.158

Metric units (see SI units)

Minimum continuous stable flow 2.5 2.80 2.83
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Minimum flow 2.80 2.160 2.166

2.167 10.12 11.77

11.87 11.125 11.127

12.100 12.106 12.231

15.13 15.21

control systems 11.123

limits 2.80 2.85 2.166

Mining 12.243

automatic pump control 12.257

drivers 12.258

hydraulic conditions 12.253

materials of construction 12.252

pumping conditions and pump types 12.243

sump 12.255

Misalignment (see Alignment)

Mixed-flow impellers 2.31 2.54 2.133

2.136 2.249 2.264

2.279 2.302 2.303

condenser circulating pumps 12.83 12.84 12.109

12.110 12.112

materials 8.3 8.51

Modal analysis, experimental (bump testing) 2.241

Model tests 2.177 16.2 16.40

16.41

centrifugal pumps, efficiency of 2.177

intakes (see Intake modeling)

performance of 16.2 16.38LIBERTY EXHIBIT 1017, Page 1803
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Modifications to impeller and casing 2.132

Modulated bypass system 11.127 11.128 11.130

Moody diagram 11.34 11.35

Moody formula for efficiency correction 16.79

Motive flow 7.32 7.40

(See also Jet pumps)

Multiphase pumps 3.115

high gas void fraction (GVF) 3.116

subsea 3.116 3.118 3.119

Multiple-screw pumps 3.99 12.271 12.274

Multistage centrifugal pumps 2.27 12.129 12.177

12.277 14.19 15.3

N

Net positive suction head (NPSH) 2.5 2.16 2.31

2.143 2.195 2.211

3.4 3.16 3.55

3.60 3.63 3.110

11.123 12.85 12.236

12.244 12.266 12.269

12.283 16.6

Newtonian liquids 11.33

Noise 10.1

Airborne 10.2 10.7 10.11

10.14

cavitation 10.4 10.11 10.24
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Noise (Cont.)

cavitation and flashing 10.2 10.5 10.7

control of 10.4 10.13 10.24

control techniques 10.11 10.18

enclosures 10.17 10.18

levels 10.2 10.3 10.6

10.16 10.20 10.21

combining 10.9 10.10

octave bands 10.7 10.9

liquid sources 10.2

measurement 10.2 10.8 10.16

10.17 10.20 10.22

10.23

mechanical sources 10.4 10.14

model testing 10.21

pump casing cutwater 10.11 10.12

recirculation 10.4 10.6 10.9

10.12 10.23

reduction of 10.7 10.20

sources 10.2 10.4 10.7

10.11 10.12 10.14

Nomenclature, centrifugal pumps 2.4 2.99 2.121

2.249 2.268

Non-Newtonian flows 2.27 3.112 4.4

4.20 4.30 4.43

11.33
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Nonreverse ratchet 9.20 9.21

Nozzle loads 2.193 2.213 2.245

12.148 12.174 12.175

12.358 13.29 15.9

Nozzle locations, centrifugal pumps 2.257 2.258

Nozzle meters, head loss 11.70

NPSH (see Net positive suction head):

available 2.5 2.24 2.30

2.84 2.89 2.109

2.143 2.152

corrections due to fluid vaporization

characteristics 2.148

correlations for impellers and inducers 2.31

inception 2.85 2.89 2.109

2.143

life 2.84 2.87 2.143

performance 2.5 2.57 2.85

2.143 2.146 2.152

NPSHR 2.4 2.5 2.69

2.87 2.108 2.109

2.114 2.116 2.143

2.145 2.146 2.185

2.210 2.211 3.16

3.18 3.60 3.110

3.154 12.14 12.152

12.208 14.10 14.18

14.29 14.30LIBERTY EXHIBIT 1017, Page 1806
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NPSHR (Cont.)

CFD prediction of 2.69 2.98 2.109

2.114

Nuclear electric generation 12.117 12.121 12.123

12.127 12.129 12.135

12.137

boiling water reactor (BWR) plants 12.80 12.81 12.117

main coolant pumps 12.127

materials of construction 12.109 12.136

pressurized water reactor (PWR) plants 12.80 12.82 12.117

12.121

principal types of pumps 12.128

radioactivity 12.137

seals 12.118 12.127 12.128

testing 12.137 12.138 12.145

12.147

Nuclear power plants 12.103 12.117

Nuclear pump seismic qualifications 12.139

definitions 10.22

design and functional requirements 12.147

qualification by analysis 12.146

qualification by testing 12.147

Number of blades 2.4 2.9 2.17

2.32 2.34 2.36

2.60 2.65 2.68

2.123 2.151 10.5
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O

Oil film journal bearings 6.13

Oil monitoring analysis 2.240

One-dimensional analysis 2.18 2.19 2.63

2.125

Operation at other than normal (or BEP)

flow rate 2.163

Operation:

parallel (see Parallel operation)

reduced flows 11.26 12.96 12.107

15.13

rotary pumps (other than screw pumps) 3.129

series (see Series operation)

starting and stopping procedures 15.14

Optimum geometry 1.4 1.5 2.21

2.23 2.87

Optimum impeller geometry, specific

speed influence on 2.22

Orifice meters 11.68 16.15 16.17

head loss 11.65 11.68 11.69

16.15 16.22 16.23

Orifices 2.160 3.119 6.23

10.24 11.69 11.70

11.77 11.81 11.87

11.125 11.130 11.134

12.272 15.12 16.23

16.27
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Orifices (Cont.)

for pressure-measuring

instruments 16.27

pressure reducing 11.128 11.134 11.136

throttling 11.27

OSHA noise levels 10.20

Overall efficiency, definition of 2.11 3.4 3.143

P

Packing:

centrifugal pumps 5.3

power pumps 3.5 3.9 3.19

3.24 3.37 3.39

3.73 3.79 3.80

steam pumps 3.37 3.39 3.40

3.47 3.49 3.51

3.55 3.57 3.59

3.75

Packless stuffing boxes 5.63

Paper mill services:

black liquor 12.191 12.192 12.194

12.195 12.198 12.199

12.201 12.204 12.205

12.219

green liquor 12.192 12.195 12.197

12.199 12.204
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Paper mill services: (Cont.)

groundwood 12.192 12.194 12.195

12.200 12.201 12.213

12.214

pump selection 12.204 12.208 12.220

12.229

sulfate process 12.195 12.196

white liquor 3.155 12.192 12.195

12.197 12.198 12.219

Paper stock:

efficiency of 12.204

pump types and services 12.203

Parallel and series operation 2.161

Parallel operation:

centrifugal pumps 2.55 2.161 2.212

3.81 3.82 12.182

14.10 15.21

displacement pumps 3.81

Parshall flume 16.22

Partially full pipes, flow in 11.41

Performance:

analysis 2.14 2.17 2.18

2.30 2.45 2.68

2.97 2.103 2.107

characteristic curves 2.18 2.45 2.102

2.123 2.180 4.40

7.11 7.20 11.129

11.137
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Performance: (Cont.)

curve shape, effect of  specific speed 2.46 2.127

prediction 2.45 2.105 2.10

Peripheral velocity 2.123 2.164 3.154

6.15

Permanent magnet brushless dc motors 9.4 12.376

controllers 9.23 9.32 9.115

12.67 12.71 12.376

integrated into sealless pump 9.13 9.32

sensorless 9.11 12.378

Petroleum industry, centrifugal pumps:

liquid petroleum gas (LPG) 12.186

materials for 12.177 12.183

pipeline 12.177

reactor feed pumps 12.186 12.188

refinery 12.169 12.170 12.172

12.177 12.186

viscosity correction 12.188

Pipe roughness 11.32 11.34 12.211

12.212 12.216 12.217

Piping:

acoustic 2.212 2.213 2.224

discharge 2.12 2.240 2.295

expansion joints 2.213 2.222 2.295

12.205 13.27 13.28

15.10

moments and forces 15.9 15.21LIBERTY EXHIBIT 1017, Page 1811
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Piping: (Cont.)

natural frequencies 2.213 3.70

paper stock pumps 12.196

strains 15.10

suction 15.8

suction strainers 15.10

venting and draining 15.11

vibrations 2.212 2.222 3.70

warm-up 15.11 15.12 15.15

15.21

waterhammer 2.212 3.69 11.91

11.95 11.97 11.103

11.105 11.109 11.119

11.127 12.106 12.254

12.320

Piston pumps 3.4 3.47 4.49

4.51 4.52 12.239

12.364 12.365 12.384

ship’s services pumps 12.275

variable-displacement 12.277

Pistons:

power pumps 3.3 3.9 3.16

3.24

steam pumps 3.39 3.42 3.51

3.57 3.60

liquid ends 3.47 3.48 3.50
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Pitot tubes 16.15 16.18

Plunger pumps 3.47 3.53 4.51

12.39 12.327 12.331

12.332

Plungers:

power pumps 3.3 3.9 3.16

3.19 3.24

steam pumps 3.53 3.64

Pneumatic ejectors 12.33 12.40

Portable pumps 2.313 12.50 12.55

12.362 12.363

Positive displacement pumps

(see Displacement pumps)

Potential energy (see Head)

Power, centrifugal pumps (see Brake horsepower)

Power end (see Power pumps)

Power failure 2.171 2.175 2.176

2.327 9.38 11.102

11.107 11.108 11.110

11.115 12.44 12.251

12.256 12.258 12.321

12.322 12.324 12.326

13.29 15.16

Power measurement: 16.34

calibrated motors 16.34

test calculation 16.35

torsion dynamometer 16.34

transmission dynamometer 16.34
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Power pumps 3.3 3.21 3.63

3.75

acceleration head 3.31 3.63 3.64

3.78 3.81 3.83

applications of 3.154

bearings 3.33

bypass relief 3.35 3.36

connecting rods 3.16 3.21 3.28

3.31 3.34

construction of 3.16 3.24 3.42

crankshaft 3.3 3.9 3.10

3.13 3.14 3.16

3.22 3.26 3.28

3.33 3.34 3.77

3.80

crosshead 3.18 3.31 3.54

3.88

crossways 3.32

cylinder 3.9 3.13 3.14

3.16 3.18 3.22

3.26 3.37 3.47

3.48 3.50 3.57

3.59 3.69 3.73

3.75

cylinder liner 3.26 3.28 3.39

3.51

displacement of 3.49 3.55LIBERTY EXHIBIT 1017, Page 1814
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Power pumps (Cont.)

duty service 3.35

eccentric straps 3.31 3.34

efficiency 3.3 3.14 3.16

3.19 3.31 3.34

3.57 3.58 3.79

mechanical 3.5 3.19 3.57

3.58

overall 3.4

volumetric 3.6 3.14 3.16

3.31 3.34

frame 3.12 3.16 3.18

3.21 3.22 3.26

3.28 3.31

liquid end 3.22 3.24 3.37

3.44 3.47 3.49

3.56

liquid separation 3.18 3.31

lubrication 3.6 3.31 3.43

3.44 3.47 3.51

manifolds 3.21 3.22 3.27

mechanical efficiency of 3.5 3.19 3.57

3.58

net positive suction head available (NPSHA) 3.63

net positive suction head required (NPSHR) 3.16 3.60
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Power pumps (Cont.)

packing 3.5 3.6 3.9

3.19 3.24 3.37

3.41 3.47 3.50

3.57

pistons 3.3 3.9 3.16

3.24 3.3 3.43

3.51 3.57 3.60

3.61

plunger covers 3.28

plungers 3.3 3.9 3.16

3.19 3.24 3.53

3.64 3.77 3.78

power end 3.6 3.16 3.21

3.28 3.40

pressure 3.3 3.16 3.21

3.26 3.31 3.33

3.42 3.47 3.48

3.51 3.53 3.57

3.63 3.67 3.75

pulsation dampeners 3.36

pulsations 3.9 3.10 3.24

3.31 3.35 3.36

3.43 3.63 3.64

3.67 3.72 3.73

3.75 3.81 3.83
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Power pumps (Cont.)

relief valve 3.35

slip 3.4 3.55 3.56

3.76 3.80

speed 3.3 3.14 3.18

3.21 3.22 3.31

3.33 3.35 3.36

3.45 3.53 3.55

3.56 3.59 3.60

3.64 3.67 3.69

3.70 3.72 3.75

3.76 3.79

stuffing box 3.5 3.22 3.25

3.26 3.33 3.41

3.44 3.47 3.52

3.57

testing 3.13 3.16 3.35

3.57

unbalanced reciprocating parts force 3.18

unbalanced rotating parts force 3.19

unloaders 3.36 3.76 3.80

valve covers 3.28 3.48 3.51

valves 3.5 3.6 3.9

3.11 3.22 3.24

3.25 3.27 3.28

3.35 3.36 3.39

3.42 3.47 3.52LIBERTY EXHIBIT 1017, Page 1817
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Power pumps (Cont.)

3.53 3.55 3.60

3.61 3.64 3.69

3.70 3.76 3.78

volumetric efficiency of 3.6 3.14 3.16

3.31 3.34

wrist pin 3.18 3.31

Prerotation, centrifugal pumps 2.150

Present worth 14.11

Pressure head 2.10 2.171 2.175

11.4 11.10 11.13

11.25 11.26 11.29

11.68 11.77 11.100

11.116 12.208 16.15

16.17

Pressure pulsations (see Pulsations)

Pressurized water reactor (PWR) plant 12.80 12.82 12.117

12.221

Priming 2.153 2.289 2.307

2.317 2.325 3.49

3.119 3.120 5.12

7.38 7.41 11.26

11.31 12.14 12.36

12.56 12.58 12.110

12.255 12.258 12.278

12.285 12.286 12.289
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Priming (Cont.)

12.369 13.9 13.17

14.19 15.9 15.11

15.13 15.14

automatic systems 2.320 2.321 2.323

2.325

central systems 2.320 2.321

centrifugal pumps 2.153

chambers 2.318

inductors 2.319

power pumps 3.49

rotary pumps 3.99 3.100 3.119

3.120

sewage pumps 12.36

siphons (see Siphons)

time required for 2.327

valves 2.38

Progressing cavity pumps 3.126 12.39

Propeller pumps 2.23 2.29 2.44

2.92 2.136 2.147

2.151 2.153 2.158

2.160 2.161 2.252

2.300 2.302 2.303

11.17 12.26 12.50

12.58 12.269 13.41

condenser circulating 12.111
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Proportioning (see Metering pumps)

Pullout pump design 2.303

Pulp mill (see Paper mill services)

Pulsations:

centrifugal pumps 2.4 2.38 2.70

2.73 2.75 2.80

2.84 2.95 2.164

2.165 2.207 2.212

2.234 2.240 2.247

displacement pumps (including rotary) 3.9 3.10 3.24

3.31 3.35 3.36

3.43 3.63 3.64

3.67 3.72 3.73

3.75 3.81 3.83

3.87 3.88 3.91

3.117 3.124 3.131

3.135

food and beverage 12.236

paper mill pumps 12.205 12.223

priming 12.254 12.255

Pulse width modulation frequency inverters 9.120

Pump bypass 2.160 3.83 11.87

11.111 11.129 11.138

(See also Minimum flow)

Pump control (see Control, pump)

LIBERTY EXHIBIT 1017, Page 1820



Index Terms Links

This page has been reformatted by Knovel to provide easier

Pump systems 11.1

branch-line pumping systems 11.83

characteristics and system head curves 11.3

minimum flow control 11.123

waterhammer in 11.91

Pumped storage 12.309

adjustable speed pump/turbines 12.318 12.319

configuration of powerhouse

machinery 12.311

four-quadrant characteristics 12.320

hydraulic transient analysis 12.320

physical layout of tunnels and

penstocks 12.311

plants 12.309 12.313 12.314

12.316 12.322

pump/turbine design 12.314

pump/turbine installations 12.314

starting pumps 12.320

Pump-out vanes 2.268 2.277 2.304

2.342 12.161

Pumplturbines 11.104 12.309 12.314

12.318 12.324

adjustable speed 12.318 12.319

design 12.314

Purchasing pumps (see Selecting and

purchasing pumps)

PWR plants 12.118 12.127LIBERTY EXHIBIT 1017, Page 1821
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Q

Quasi three-dimensional (Q3D) 2.49 2.51 2.63

2.65 2.90 2.98

2.107 2.114

R

Radial blades 2.125

Radial thrust 2.4 2.41 2.43

2.51 2.108 2.168

2.171 2.189 2.245

2.252 2.259 6.3

11.125 12.161 12.203

15.13 15.22

Radial-flow diffusers 2.43 12.353

Radial-flow impellers 2.15 2.23 2.39

2.55 2.63 2.124

2.249 2.279 12.34

12.352

axial thrust of 2.51 2.78 2.276

Radioactivity 12.137

Rate-of-flow meters 16.13 16.14

Reactor coolant pumps 2.225 12.118 12.127

12.130

Reactor water cleanup pumps 12.122
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Recirculation 2.77 2.163 2.233

2.323

detecting onset 2.164 2.165

discharge recirculation 2.164

suction recirculation 2.78 2.164 2.166

2.167

Recycle evaporator feed pumps 12.121

Low flow problems 11.123

Refrigeration 12.276 12.306

Regenerative pumps

(or regenerative turbine pumps) 2.23 2.325 12.158

12.277 12.281

Regulation of flow rate 2.160 2.238

Relative velocity 2.6 2.13 2.15

2.18 2.27 2.30

2.33 2.34 2.36

2.44 2.45 2.51

2.59 2.64 2.66

2.68 2.69 2.87

2.98 2.121

distributions 2.37 2.39 2.51

2.64 2.66

Relief valves 3.35 3.125 11.111

11.123 12.274 12.332

15.11

Residual heat removal (RHR) pumps 12.118

Resistance coefficients for valves and fittings 11.54 LIBERTY EXHIBIT 1017, Page 1823
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Reverse dial indicator 2.231 2.232

Reverse flow 2.174 3.14 11.19

11.26 11.100 11.110

11.129 11.130 12.22

12.56 12.320 15.9

15.14 15.16

Reversed impeller 2.177

Reverse-speed-torque characteristics 11.20 11.21

Reversible pumps 12.236

Revolution counter 16.8 16.35

Reynolds number 2.21 2.24 2.49

2.55 2.102 2.106

2.178 2.246 4.6

4.10 6.18 6.19

11.33 11.38 11.54

11.66 11.67 11.71

11.72 11.75 11.76

11.96 11.100 12.211

13.43 13.49

Reynolds number effects 2.26 11.96

Reynolds-averaged Navier-Stokes equations 2.49 2.99 2.116

Rheograms 4.7 4.8 4.10

Rotary pumps 3.99

abrasive wear in 3.120 3.138

applications 3.154

capacity (flow rate) of 3.7 3.11

classification of 1.4 LIBERTY EXHIBIT 1017, Page 1824
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Rotary pumps (Cont.)

comparison to centrifugal pumps 3.143

performance curves 3.132 3.144

dry running 3.124 3.129 3.134

efficiency and power 3.143

flexible member pumps 3.125 3.126 3.140

3.152

gear pumps 3.124 3.127 3.128

3.130 3.141 3.147

3.156 12.390

lobe pumps 3.123

materials of construction 3.125 3.136 3.154

multiple-rotor screw pumps 3.99 3.104

noise 3.22 3.64 3.120

3.135 3.136 10.2

10.14

operating characteristics of 3.136 3.139

performance 3.112 3.119 3.136

3.139 3.144 3.150

3.154 12.393

with viscous fluids 3.133 3.136 3.144

rigid rotor pump 3.134 3.140 3.152

speed considerations 3.141

Rotating imbalance 2.192

Rotating stall 2.78 2.99 2.108

2.118 2.197 2.198

2.211 LIBERTY EXHIBIT 1017, Page 1825
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Rotation, centrifugal pumps:

incorrect 2.177 3.91 9.165

10.4 10.6 13.27

14.6 15.22

Rotordynamics 2.213

balancing specifications 2.230

gyroscopic effects 2.198 2.213 2.214

Runaway speed 2.159 2.174 2.176

11.21 11.100 11.104

12.320 12.323

Runout, centrifugal pumps 2.239

S

Safety injection pumps 12.118 12.119 12.123

12.128

Salt dilution test 16.26

Salt velocity test 16.26

Sanitary pumps 12.282

(See also Food and beverage pumping)

Scaling and similitude 2.19 2.132

Screens 11.69 11.71 12.33

12.69 12.204 12.224

12.225 12.257 12.258

13.5 13.8 13.13

13.29 13.40 13.41

13.45 13.52 16.9
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Screw pumps 3.99

(See also Archimedean screw)

abrasives effect 3.120

double-end 3.104

entrained gas in 3.103 3.135

installation and operation 3.119

mechanical seals 3.106 3.109 3.114

3.116

multiphase 3.103 3.111 3.115

multiple-screw pump 3.99 3.133

net positive suction head 3.110

noise 3.120

performance of 3.117 3.120

pulsations 3.117

single-end 3.99 3.100 3.104

slip 3.101 3.112

starting 3.119 3.120

subsea 3.118

wet gas compression 3.119

Scum pumps 12.32 12.37 12.39

Seal cages 2.289 5.6 12.104

15.15

Seal well 11.26 11.28 11.29

11.31

Sealless pump motors 9.32

Sealless pumps integrated with motor 9.12
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Seals:

centrifugal pumps: injection shaft 5.63

centrifugal pumps: mechanical 5.17

nuclear pumps 12.118 12.127 12.128

rotary pumps (other than screw pumps) 3.128 3.132 3.134

3.136 3.138 3.143

3.154

screw pumps 3.100 3.105 3.106

3.109 3.114 3.116

Seismic qualification:

cryogenic pumps 12.358

nuclear pumps 12.139

Selecting and purchasing pumps 14.1

emerging trends in selecting

and purchasing pumps 14.32

defining pumping system requirements 14.5

designing the pumping system 14.5

formalizing RFQ submittal 14.12

pump specification and data sheet 14.8

pump specification and data sheet

preparation 14.7

pumping systems perspective 14.32

selecting and purchasing pumps in

information age 14.33

steps in process 14.2

engineering the pumping system 14.3

system and information technologies 14.35 LIBERTY EXHIBIT 1017, Page 1828
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Selecting and purchasing pumps (Cont.)

evaluating and purchasing

pumping equipment 14.26

final purchase decision and purchase

order issue 14.31

technical and commercial bid evaluation 14.26

pump selection and configuration 14.13

evaluating alternative pump selections 14.19

product line selection 14.16

pump conditions of service 14.13

pump configuration 14.22

pump selection 14.13

Selecting pumps 3.110 12.226

(See also Selecting and

purchasing pumps)

Self-priming pumps 2.153 2.323 2.327

12.36 12.236 15.13

Separation, liquid 2.171 2.175 2.176

Series operation 2.161 2.162 2.163

3.81 12.182

system-head curves 2.162

Serrated throttle bushing 5.64

Setting, pump 12.59

Settling slurries 4.4 4.5 4.14

4.27 4.30

Settling velocity 4.4 4.23 4.51
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Sewage 12.29

collection of 12.30

nonclog pumps 12.33

pump controls 12.43

pump drivers 12.42

pump selection 12.40

systems 12.29

treatment 12.30

Shafting, intermediate pump 9.186

bearings for 9.187

critical speed of 9.186 9.189

flexible drive shafts 9.186 9.187

floating shafts 9.185 9.186

rigid shafts 9.186

torsional stress in 9.188

Shafts and shaft sleeves 2.284

critical speeds 2.284

material for packing sleeves 2.288

rigid and flexible shaft design 2.285

shaft sizing 2.285

shaft sleeves 2.286

Shutdown 2.13 2.159 2.192

2.225 2.243 2.273

3.120 3.126 12.56

12.117 12.127 12.137

12.139 12.144 12.148
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Shutdown (Cont.)

12.188 12.250 12.251

12.255 12.270 12.274

12.322

Shutoff, centrifugal pumps 2.18 2.19 2.50

2.57 2.98 2.105

2.125 2.155 2.156

SI (International System of Units) units xix A.2

conversion of, to US. units, table A.23

Side-pot liquid ends 3.48

Sigma (cavitation) (see Cavitation, Thoma

parameter for)

Similarity relations 2.19

Simplex steam pumps 3.11 3.40 3.42

3.45 3.54 3.56

3.60

Single-acting steam pumps 3.9 3.11 3.18

3.24 3.26 3.28

3.33 3.38 3.53

Single-end screw pumps 3.104

Single-screw pumps 3.99 3.100

Single-stage centrifugal pumps 2.57 2.259 12.269

12.272 12.276 12.280

Single-suction impellers 1.5 2.23 2.264

2.268 2.277 2.280

2.307 2.309 12.113

12.288 LIBERTY EXHIBIT 1017, Page 1831



Index Terms Links

This page has been reformatted by Knovel to provide easier

Single-volute casing pumps 2.168 2.169 2.171

2.207 2.234 2.252

2.304

Siphon head 11.25 11.26

Siphons 7.43 11.25 11.26

11.28

jet pumps 7.23 7.43

Size effect on performance 2.24

Sizing impellers 2.28 2.136 2.138

Sleeves, shaft, stuffing box 2.284 2.288

Slip:

centrifugal pumps 2.4 2.6 2.7

2.34 2.35 2.49

2.63 2.125

Busemann formula (due to Wiesner) 2.34

Pfleiderer formula 2.35

power pumps 3.4 3.55 3.56

3.76 3.80

rotary pumps (other than screw pumps) 3.129 3.135 3.137

3.150

screw pumps 3.101 3.112 3.116

Sludge pumps 12.37 12.39 12.43

12.44

Slurries and emulsions 2.27

Slurries 2.27 2.304 2.306

2.349 3.63 3.85

3.87 3.89 3.91LIBERTY EXHIBIT 1017, Page 1832
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Slurries (Cont.)

3.95 3.97 3.98

3.112 3.123 3.137

4.3 4.31 4.48

frictional pressure losses in transport of 4.3

homogeneous 4.4 4.17 4.26

4.27

phosphate 4.3 4.9 4.12

4.33

Slurry flow(s) 4.4 4.40 4.48

4.54

(See also Slurry transport)

complex 4.19 4.20 4.54

design and analysis 4.25

fully stratified coarse-particle 4.17

hydraulic gradient 4.6 4.7 4.12

4.17 4.20 4.22

inclined 4.16 4.24 4.25

4.31

non-Newtonian 4.7 4.20 4.43

partially-stratified 4.17 4.19

principles 4.4

rheograms 4.7 4.8 4.10

scale-up of 4.11

settling 4.4 4.5 4.14

4.20 4.23 4.27

4.28 4.51LIBERTY EXHIBIT 1017, Page 1833
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Slurry flow(s) (Cont.)

stationary deposit 4.4

stationary deposition velocity limit 4.14

vertical 4.7 4.14 4.16

4.23

Slurry pumps:

centrifugal 4.33 4.47

calculation of wear 4.47

dredge pumps 4.3 4.21 4.33

4.34

efficiency 4.37 4.40

elastomer lined 4.36

hard metal 4.35 4.39 4.46

head coefficient 4.36

hydraulic design 4.35

materials 4.39

mechanical design 4.39

particle size effects 4.40 4.43 4.47

selection 4.40

shell types 4.36 4.47

solids effect 4.40

wear mechanisms 4.44 4.46

displacement 4.33 4.49

diaphragm 4.51 4.56
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Slurry specific gravity 4.20 4.22 4.40

Slurry transport 4.3

[See also Slurry flow(s)]

applications 4.3

homogeneous slurries 4.5

equivalent fluid calculations 4.5

modeling non-Newtonian flows 4.7

scale-up of laminar and turbulent

flows 4.11

other factors:

inclined flows 4.24

vertical flows 4.23

principles of sluny flow 4.4

settling slurries 4.14

complex slurry flows 4.19

fully stratified coarse-particle

transport 4.17

pressure gradient of partially

stratified flow 4.17

velocity limit of stationary deposition 4.14

system design and analysis 4.25

homogeneous slurries 4.26

operating and economic considerations 4.25

settling slurries 4.27

Soleplates 2.293 2.300 9.96

15.3
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Solidity 2.7 2.36 2.44

2.65 13.45

Solids, hydraulic transport of

(see Slurry transport)

Solids handling pumps:

centrifugal 4.33

displacement 4.49

Sound, velocity of 11.92

Space shuttle main engine (see SSME)

Spare parts 14.12 14.31 15.18

15.19

Special-effect pumps, classification of 1.3

Specific speed 1.4 2.5 2.21

2.45

chart 1.5 2.23 2.25

2.27

conversions 2.22 2.24

European (nq) 2.22

suction specific speed 2.5 2.24

2.27 2.30 2.57

2.83 2.87

universal ("a,) 2.7 2.21

U.S.(Ns or ns) 2.22 2.24

Specific weight (gravity) of water A.22

Specifying pumps (see Selecting and

purchasing pumps)
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Speed:

adjustment for tests 16.36 16.39

measurement of 16.35

Spent fuel pit pumps 12.121

Spent resin sluicing pumps 12.121

Splitter blades 2.36 2.37

SSME 2.72 2.113 2.119

2.246 12.400

high-pressure turbopumps 12.403

liquid oxygen and hydrogen pumping

arrangement 12.402

Stable performance (with reference to

head-flow curves) 2.54

dynamic 2.55

static 2.55

Stage pieces 2.261

Standby liquid control system pumps 12.127

Starters, electric motor 9.27 9.51

Starting centrifugal pumps 2.153 11.17 11.113

12.311 12.320 15.14

(See also Siphons)

check valve 11.20

closed valve 11.17

open valve 11.20

reverse rotation 11.20
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Starting screw pumps 3.119

Starting pump turbines 12.311 12.320

Static head 2.156 2.158 2.162

2.174 2.203 3.63

(See also System-head curves)

Steam:

saturated, table 9.51

Steam power plants 12.79

boiler circulating pumps 12.112 12.113

condensate pumps 12.84 12.88 12.104

12.105 12.107 12.108

12.266 12.267 12.274

12.281 12.297 13.34

condenser circulating pump 12.109

cycles 12.79 12.80 12.94

12.96

heater drain pumps 12.84 12.104 12.107

pump services 12.84 12.109

Steam pumps 3.75

direct-acting 3.39 3.40 3.42

3.52 3.53 3.59

3.60

duplex 3.40 3.47 3.55

3.56 3.59

flow characteristics of 3.60

liquid end construction of 3.22

net positive suction head (NPSH) 3.60 LIBERTY EXHIBIT 1017, Page 1838
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Steam pumps (Cont.)

packing 3.37 3.41 3.47

3.50 3.57

pulsations 3.43

simplex 3.40 3.42 3.45

3.54 3.56 3.60

steam consumption 3.58

steam valves 3.42

Steam turbines 9.37

Stop pieces 2.257

Straight-radial-blade high-speed pump 2.313

Strainers 2.307 2.344 3.120

3.135 5.69 12.37

12.85 12.104 12.204

12.271 12.273 12.332

13.3 13.5 13.7

13.9 13.11 13.13

13.15 13.17 13.19

13.21 13.23 13.25

13.27 13.29 13.31

15.9

Stroboscopic device 16.35

Strouhal equation 10.5

Stuffing box sealing (see Packing)

Stuffing boxes:

centrifugal pumps 2.288
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Stuffing boxes: (Cont.)

packing for 2.286 3.47 3.52

5.11

power pumps 3.5 3.18 3.22

3.25 3.26 3.28

seal cages for (see Lantern rings)

sleeves 2.204 2.216 2.219

2.261 2.284 2.286

2.290 2.351 2.352

5.10 5.31

Submerged pump/motor 12.349

Submergence, wet-pit pumps 13.5

(See also Intakes)

Submergence control 2.143 12.268

Submersible pumps 8.11 9.33 12.251

12.289 12.292 12.359

motors for 9.16 12.19 12.51

12.54 12.251 12.288

12.292 12.336 12.343

12.347

Subsea multiphase pumps 3.118

Suction approach passages 13.3

Suction elbows, pump 13.4

Suction energy 2.85 12.96 12.106

Suction head

(see Net positive suction head)

LIBERTY EXHIBIT 1017, Page 1840



Index Terms Links

This page has been reformatted by Knovel to provide easier

Suction lift 2.145

testing 16.4 16.6

Suction piping 13.1

air pockets 13.25 13.26

manifolds 3.27

velocities 13.5 13.7 13.10

13.12 13.20 13.24

13.27

surge and vibration 13.29

tunnels 12.311 12.313 12.321

Suction pits (see Intakes)

Suction recirculation 2.6 2.85 2.107

2.164 2.166 2.167

2.212 10.9 15.23

Suction specific speed 2.5 2.24 2.27

2.30 2.57 2.83

2.87 2.110 2.116

2.145 2.152 2.166

11.125 12.96 12.208

12.335 12.350 12.379

14.10 14.16 14.30

15.21

universal 2.7 2.24 2.57

Suction strainer 3.135 12.275 15.21

Suction throttling 2.160

Sump (intake) (see Intakes)
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Sump pumps 2.300 2.307 2.312

12.84 12.280

Surge suppressor 11.120

Surge tank 11.111 11.112 11.115

12.20 12.44 12.311

12.312 12.321

Suter diagram 11.108

Switched reluctance brushless dc motor 9.4 9.14

System characteristics 4.27 9.183 11.3

12.182

System head curves 2.55 11.3 12.24

12.25 14.3 14.5

(See also Head)

branch-line 11.83

pumps in series 11.16

variable static heads in 11.15

variable system resistance 11.16

Systems with pumps 11.3

T

Tachometer 12.67 16.8 16.35

Temperature of dry and saturated steam 9.51

Temperature rise, centrifugal pumps 2.167

Testing 16.1

accuracy and tolerances 16.7

cavitation tests 16.9

classification of tests 16.2 LIBERTY EXHIBIT 1017, Page 1842
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Testing (Cont.)

definitions 16.3 16.28

measurements 16.13 16.15 16.17

16.18 16.20 16.22

16.26 16.33 16.41

nuclear pumps 12.137

records 2.225 12.64 15.18

16.13 16.14 16.37

Theory, centrifugal pumps 2.3

Euler pump equation 2.13

extended Bernoulli equation 2.14

hydraulic efficiency 2.12 2.14 2.49

2.59 2.129 2.146

2.178 2.180

(See also Efficiency, centrifugal pumps)

overall efficiency 2.11 2.59 2.123

2.162 2.163 2.180

2.346

power input 2.4 2.14 2.123

2.160

similitude 2.19 2.20 2.132

slip factor 2.7 2.34

specific speed (see Specific speed)

chart 2.25 2.127
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Theory, centrifugal pumps (Cont.)

velocity diagrams 2.12 2.18 2.19

2.28 2.33 2.45

2.46 2.49 2.61

2.65 2.66 2.74

2.82 2.123 2.124

volumetric efficiency 2.12 2.49 2.59

2.129

volute casing 2.40 2.66

Thermography 2.240

Thixotropic liquids 11.33

Throat area, volute and diffuser 2.41 2.43 2.66

2.140

Thrust, axial (see Axial thrust)

Timed rotors, screw pumps 3.103

Tolerances. Testing 16.7

Tongue, casing 2.140

Top-suction centrifugal pumps 2.251

Torque, centrifugal pumps 2.154

accelerating 2.154

breakaway 2.154 2.155

Torque flow pumps 12.38

Torsional vibration 2.218 2.220 2.221

9.72 9.73 9.164

9.181

Total discharge head, testing 16.6 16.31
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Total dynamic head 2.4 2.10 11.92

11.100 12.205 12.258

Total head 2.14 2.105 2.108

16.6 16.7 16.9

16.17 16.18 16.29

16.34 16.35 16.37

Total suction head, testing 16.6

Total-suction lift, testing 16.4

Transients 2.13 2.144 2.171

2.212 2.220 2.243

3.69 11.17 11.91

12.320

Troubleshooting list, vibration 2.233

Troubleshooting techniques, vibration 2.238

True vapor pressure 12.380 12.395

Turbine pumps (see Diffuser pumps;

Vertical turbine pumps)

Turbines:

gas 9.87

aircraft derivative 9.88

hydraulic 9.75

steam 9.37

Turbopumps 2.92 2.94 2.119

12.403 12.405

Turbulence modeling 2.101 2.102 2.104

2.108 2.117
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Turbulent flow 2.60 2.101 2.102

2.106 3.140 3.152

4.4 4.9 4.16

4.26 4.27 4.30

4.31 4.48 11.32

11.34 11.41 11.42

11.44 11.54 11.56

Twin-volute casing pumps 2.168 2.234 2.253

2.299 2.307

U

Unbalance:

hydraulic 2.177

mechanical 2.228 12.177

(See also Balancing)

Underfiling impeller blades, effects of 2.139 2.140

Underwriters Laboratories 2.357

Unloaders, power pumps 3.36 3.76 3.80

Untimed rotors, screw pumps 3.103 3.104 3.107

3.124

Upsurge 2.174 11.100 11.107

11.110 11.111

U.S. Nuclear Regulatory Commission 12.130 12.135 12.142

USCS to SI units (see SI units)
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V

V/L capability [See Vapor-to-liquid

volume ratio (V/L)]

Vacuum pumps 12.58 12.207 12.269

12.287

Valves:

air vacuum and air release valves 11.112

bypass systems 11.130

check valves 11.111

hydraulic characteristics 11.94

hydraulic performance 11.95

resistance coefficients 11.55

safety shutdown systems 11.134

surge protection 11.110

valves and standard fittings 11.54

Vane angle (blade angle) 2.33 2.124 2.128

Vane combinations 2.75

Vane frequency (blade frequency) 2.70 2.75 2.80

Vane interactions 2.74 2.78

Vane pass vibration (blade pass vibration) 2.212 2.234 2.235

Vane pumps 1.5 3.126 3.127

3.137 3.140 3.141

12.280 12.384

Vaned diffuser 2.35 2.43 2.75

2.108 2.152 12.403
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Vane-tip (blade-tip) clearance 2.131

Vapor pressure 2.5 2.16 2.32

2.70 2.84 2.85

2.109 2.114 2.140

Vapor-to-liquid volume ratio (V/L) 12.351 12.384 12.395

Vaporization effect 2.21

Variable speed fluid drives 9.129 9.133 9.135

9.139 9.141 9.143

9.145

Varying temperature system 11.77

Velocity cap (see Intakes) 13.14 13.18

Velocity diagrams, impeller 2.12 2.13 2.18

Velocity head 2.10 2.14 2.16

2.166 2.271

Velocity sensors 2.226

Velocity triangles 2.19 2.132 2.136

2.139 11.100

(See also Velocity diagrams)

Vent valves 2.321 15.11

Venting and draining 15.11

Venturi meters 11.66 11.68 16.15

16.17 16.27

Vertical centrifugal pumps:

dry-pit 12.110

wet-pit 12.37 12.109

(See also Propeller pumps)

Vertical sewage pumps 12.35 LIBERTY EXHIBIT 1017, Page 1848
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Vertical turbine pumps 2.205 2.206 2.227

2.245 2.249 2.252

2.300 2.303 12.17

12.272 12.273 12.305

Vibration:

analyzers 2.211 2.226 2.227

3.71 9.25

basic principles of 2.192

cavitation effects 2.211

diagnosing 2.233

impeller effects 2.201

looseness and rubs 2.194

measurement locations 2.227

modal analysis 2.225 2.238 2.241

2.243 2.246 2.247

12.141 12.142 12.145

12.146

natural frequencies and mode shapes 2.197 2.198 2.217

2.218 2.243 12.358

nuclear plants 12.142

piping and acoustics 2.212

puzzle approach 2.239

recirculation effects 2.212

resonance, damping and phase angle 2.198

rolling element bearing frequencies 2.202

rotating stall effects 2.197 2.211

seal effects 2.204

structural, finite element analysis 2.221
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Vibration: (Cont.)

techniques 2.238

testing 2.225

torsional 2.201

troubleshooting 2.225 2.226 2.232

2.236 2.238 2.246

list 2.233

vertical sewage pumps 2.206

vertical turbine pumps 2.205 2.206

Viscosity:

effects of, on pump performance:

centrifugal pumps 2.25

displacement pumps 12.189

rotary pumps (other than screw pumps) 3.133 3.141 3.150

screw pumps 3.111

Viscous fluid effects, rotary pumps

(see Viscosity, rotary pumps)

Visualization of cavitating flow 2.86 2.109

Volumetric efficiency 2.12 2.49 2.59

2.129 3.6 3.113

3.143

Volumetric meters 16.13 16.14

Volute casing 2.27 2.42 2.67

2.68 2.125 2.126

2.129 2.206 2.251

2.252 2.259 2.323

(See also Volute pumps) LIBERTY EXHIBIT 1017, Page 1850
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Volute design 2.63 2.66 2.254

Volute pumps 2.168 2.212 2.249

2.297 2.304 4.36

12.51 12.112

Vortex pumps 2.184 2.185 12.38

12.207 12.226

Vortices 2.78 2.152 2.164

2.197 2.210 2.246

10.4 12.60 12.202

12.283 12.284 12.287

13.5 13.9 13.11

13.18 13.21 13.36

13.37 13.40 13.43

13.44 13.47 13.50

15.9

(See also Intake modeling)

W

Warm-up piping 15.11

Water:

properties of A.22

Water horsepower (power) 2.122

Water supply 12.3

booster pumps 12.20 12.26

chemical feed pumps 12.20

demand 12.6 12.9 12.11

12.16 12.24LIBERTY EXHIBIT 1017, Page 1851



Index Terms Links

This page has been reformatted by Knovel to provide easier

Water supply (Cont.)

high service pumps 12.23 12.24

hydraulic gradient 12.19 12.20

pump services 12.14

pump stations for 12.23

raw water 12.12 12.19 12.20

resources 12.3 12.5 12.9

12.26

sources 12.5 12.7 12.14

12.16 12.20

treatment plant pumps for 12.14

usage 12.5 12.9 12.14

Waterflood pumps 12.186

Waterhammer 11.91

air chamber 11.112

centrifugal pumps 11.98 11.101 11.107

11.115

due to valve operation 11.110

Joukowsky equation 11.93

mining services 12.243

negative pressures and water column

separation 11.107 11.110 11.114

power failure 11.115

power pumps 3.63 3.69

role of abnormal pump operation 11.101

surge protection devices 11.110

surge tanks 11.108 11.110 11.115LIBERTY EXHIBIT 1017, Page 1852
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Waterhammer (Cont.)

water column separation 11.107 11.111 11.112

11.114 11.121

Wear plates (double-wall) 4.35 4.39

Wearing rings 2.269

Weighing meters 16.13 16.14

Weir meters 16.13 16.18

Well pumps 2.300 5.12 12.49

12.50

Wet gas compression 3.119

Wet-pit centrifugal pumps 2.300 13.3

installation of 15.3

intakes for 13.3

submergence 13.6

Wet-well design 12.40 12.45 13.4

13.7

(See also Intake modeling)

WK2 (WR2) (see Inertia, moment of)

Wood’s New Orleans drainage pumps 12.48

Wrist pin, power pumps 3.18 3.31
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