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whirl distribution, 222
Inequality of Clausius, 1112
Inviscad methods, 112
Inward-flow radinl (TFR) turbines, 319, 487
90 degree type. See 90° Inward-flow radial
(IFR) wirbines
cantilever, 320321
cfficiency levels of, 344/
optimum efficiency, 334—340
types of, 320-322
90° Inward-flow radial (IFR) turbines, 321-322
cooling of, 354359
loss coefficients in. 333
Mollier diagram, 3231
optimum design selection of, 351352
optimum efficiency, 334340
specific speed. significance and
application, 348351
specific speed function, 350f
thermodynamics of, 322324
Isentropic efficiency, 22
Isentropic process, 12, 26
Isentropic temperature ratio, 488

Index

K
Kaplan rrbine, 2f, 363, 385389
basic equations, 386—389
cavitation in, 193/
design point efficiencies of, 3641
flow angles for, 3897
hydraulic efficiency of, 381/
runner of, 385386
velocity diagrams of, 387/
Kinetic power, of wind turbines, 428
Kutta—Joukowski theorem, 83

L

Leading edge spike, 87

Leakage flows, 250

Leakage paths. seals, and gaps. 252254

Lean, 252

Lieblein’s correlation, 8485

Lift coefficient, 82—83, 205206, 445446
of fun aerofoil, 208212

Lift forces, 8182

Lifing surface, prescribed wake theory (LSWT), 476

Ljungstrém steam turbine, 319, 320f
Local diffusion factor, 84—85
Loss bucket, 95
Loss coefficients in 90" IFR turbines, 333
Loss loop, 95
Low-speed machines

performance charnctenstics for, 4244

Mach number, 18, 230231, 501
blade, 293, 205
compressor stage, 195198
effects of, 92-95
at impeller exit, 295297, 297f
madial flow gas turbines, 3130-331
Mach number effects on loss. 101-102
Manometric head, 290
Matrix through-flow method, 243
Mean radius velocity trinngles, 489490
Mean velocity, 81
Mean-value rule, 239
Mechanicul efficiency, 22
Meridional velocity, 3-4
Mixed flow turbomachines, 1, 2f
Mixed-flow turbomachinery, S8-60
Mollier chart, for steam, 32
Mollier diagram, 17
9 IFR turhine, 323f
for axial compressor stage, 173/
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Ideal gases, 14—15

IFR turbines. Se¢ Inward-flow radial (IFR) turbines

Impellers
centrifugal compressor, 268271, 298, 310
centrifugal pump, 284, 260
efficiency, 490
exit, design of. 499500
head correction factors for, 2927
inlet, dasign of, 408499
Kinetic eneryy ut, 298
Mach number 8t exit, 295-297, 2977
prewhirl vanes ar. 279281
stresses in, 294
total-to-total efficiency of, 208
Impulse blading, 97, 98f
Impulse wrbine stage, 137
Incidence loss, 333
Incompressible cascade analysis, 89-91
Incompressible flow
parallel-walled radial diffuser in, 302, 303/
Incompressible fluid analysis, 40—42
Indirect problem, radial equilibrium equation
for, 218227
compressor stage, 218~221
first power stage design, 223227
forced vortex, 222
free-voriex flow, 218
mixed vortex design, 223
whirl distribution, 222
Inequality of Clausius, 11-12
Invisead methods, 112
Inward-flow radial (IFR) wrbines, 319, 487
90 degree type. See 90 Inward-flow radial
(IFR) turbines
cantilever, 320-321
efficiency levels of, 344f
optimum efficiency, 334340
types of, 320-322
907 Inward-flow radinl (IFR) mrbines, 321-322
cooling of, 354350
loss coefficients in, 333
Mollier diagram, 323
optimum design selection of, 351-352
optimum efficiency, 334340
specific speed, significance and
application, 348—351
specifie speed function, 350/
thermodynamics of, 322324
Isentropic efficiency, 22
Isentropic process, 12, 26
Lsentropic temperature rutio, 488
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K
Kaplan wrbine, 2/, 363, 385389
basic equations, 386—389
cavitation in, 393f
design point efficiencies of, 3641
flow angles for, 389/
hydraulic efficiency of, 381/
runner of, 385386
velocity diagrams of, 387/
Kinetic power, of wind tarbines, 428
Kutta—Joukowski theorem, 83

L

Leading edge spike, 87
Leakuge flows, 250
Leakuge paths. seals, and gaps, 252254
Lean, 252
Lieblein's comrelation, 8485
Lift coefficient, 82~83, 205206, 445446
of fun serofoil, 208-212
Lify forces, 8182
Lifting surface, prescribed wake theory (LSWT), 476
Ljungstrém steam turbine, 319, 320/
Local diffusion factor, 84—835
Loss bucket, 95
Loss coeflficients in 90° IFR turbines, 333
Loss loop, 95
Low-speed machines
performance chamctenstics for, 42—44

M
Mach number, 18, 230231, 501
blade, 293, 295
compressor stage. 195198
effects of, 9295
ut impeller exit, 295297, 297/
radial flow gas turbines, 330331
Mach number effects on loss, 101-102
Manometne head, 290
Matrix through-flow method, 243
Mean mdius velocity trinngles, 489400
Mean velocity, 81
Mean-value rule, 239
Mechanical efficiency, 22
Meridioml velocity, 3—4
Mixed flow turbomachines, 1, 2
Mixed-flow turbomachinery, $8—60
Mollier chart, for steam, S21f
Mollier diugram. 17
90" TFR twrhine, 3231
for axial compressor stage, 173/
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Mollier diagram (Contimmed)
for axial wrbine stage. 1257
for centrifugal compressor stage. 270/
compression process, 2729
compressor blade cascade, 78/
compressors und pumps, 26
for diffuser flow. 305
for fifty percent reaction wurbine stage, 137/
for impulse wrbine stage, 123124
reheat factor, 3133, 32f
steam and gos turbines, 2325
wirbine blade cascade, 78/
for zero reaction tuthine stage, 136/
Momentum
cquation, 9-11
mament of, 9
Multiple blade row steady computations, 255-256
Multi-stage compressor, 188—195
annulus wall boundary layers, 194193
off-design operation, 190193
averall pressure ratio and efficiency, 188—190
pressure ratio of, 188~ 190
stage matching, 190-193
stage stacking, 193
ultimate steady flow, [94—195
Multistage turbines, 124—125
flow charocreristics. 160166

National Advisory Commitiee for Aeronuutics (NACA),

73-74
Navier—Stokes method. 110-112
Nesp tide, 409, 410f

Net positive suction head (NPSH), 63, 273, 391392

Newton's second law of motion, 9
Nozzle loss coefficients, 333334
NPSH. See Net posinive suction head (NPSH)

Off-design performance of compressor, 187—188
Optimum design

of 90" [FR turbines, 337, 351352

of centrifugal compressor inlet, 275-281
Optimum efficiency, [FR rurbine, 354340
Optimum space—chord ratio, 102
Ovenll efficiency, 22

P

Panel (or vortex) method. 109

Peak and post-peak power predictions, 477478
Pelton turbine, 61, 61/, 363, 366—377

design point ¢fMiciencics of, 3641
energy losses in, 371-372
hydraulic efficiency of, 381f
hydmoelectric scheme. 369, 3T0f
jet impinging on bucket, 368/
optimum jet diameter, 372—375
ovemll efficiency of, 374, 3757
mnner of, 367
six-jet vertical shaft, 368/
sizing the penstock, 371
speed conrrol of, 369371
surge tank, 369
water hummer, 371
Pelton wheel, 2f
Perfect gases, 15-17
Performance prediction codes, wind
turbine, 475478
Penigheral velocity factor (PVF), 395-396
Pitch—chord matio, &5
Power coefficient, 436—437, 461/
at optimum conditions. 463;
Prandtl's tip correction factor, 433455
Prescribed velocity distribution (FVD) method, 73
Pressure loss coefficient
stagnation, 77. 79
total, 77
Pressure ratio of multi-stage compressor, 188—190
Pressure rise coefficient, 78
Profile loss coefficicnt, 97
Pump, 267269, Ser also Centnfugal pump
inlet, design of, 273-275
radial-flow, 269f

Quality/dryness fraction, 18
Quusi-three-dimensional (Q3D) methods, 108

Radial diffuser, 302, 3021, 303
Radial equilibrium, 213
direct problem, 227229
equanion, 215-217, 227
fluid element in, 215-217
indirect problem, 218-227
theory of, 215-217
Rudial flow gas marbines, 319-320
busie design of rotor, 324326
cantilever type, 320321
clearnnce and windage losses, 352354
cooling of, 354159
criterion for number of vanes, 342, 343/




Francis type, 319
incidence loss, 333
IFR type. See Inward-flow radial (IFR) turbines
Liungstrom steam type, 319, 320F
mach number relations, 330331
nominal design point efficiency, 326-330
nozzie loss coefficients, 333334
optimum design selection, 351352
optimum efficiency considerntions, 334340
rotor loss coefficients, 334
scroll and stator blades, 331334
spouting velocity, 325~326
stator loss models, 332333
vaneless space and vane solidity, 333
velocity trinngles. 321, 322
Radial flow rbomuchine, |
Rayleigh distribution, 432, 433/
Reuction, turbine stige, 126
fifty percent, 136—139
zero value, 136, 148, 1491
Reaction turbine, 377
Reheat factor, 3133
Relative eddy, 282
Relauve roughness, 42
Relative velocity, 4, 11
Reynolds number, 41—42
Reynolds number correction, 99
Right turbine, selecting, 396-397
Rotuting stall in compressor, 9%
Rothalpy, 11, 124
Rotor, 176—180
compressible case, 176—177
incompressible case, 178180
Rotor blude configurations, 458—465
blade vanation effect, 458
optimum design criteria, 460463
planform, 458
tip—speed ratio effect, 459460
Rotor design, 324326, 343348
pominal, 324125
Whitfield. 337340
Rotor loss coefficients, 334
Roughness ratio, 42

S

Sutwrated liquid. 17~18

Suturated vapor, 17-18

Saturation curve, 17—14

Scroll. See Volute

SeaGen tidal turbine. 362, 411417
Second law of thermodynamics, 11-13
Secondary flows, 246250

Index

passage vortex, 248
vorticity, 246248
Semi-perfect gas, 15
Seuling-rate rule, 239
Shock loss, 333
SI units, British and Americun units conversion
10, 419:—486¢
Sign convention, 4
Single-passage compututions, 255
Slip fuctor. 281285
Busemann, 254
correlations, 282—-285
Stunitz, 284285
Stodola. 283
unified correlation for, 286—290
Wigsner, 285
Soderberg's correlation, 99101, 140
Solid-body motation, 222. See alvo Forced
vortes design
Space—chord ratio, 72, 404
Specific dianmeter, $3-61
Specific speed, 53-61, 394395
compressible, 6061
efficiency for turbines, 350/
significance and upplication of. 348351
Spouting velocity, 325-326
Spring tide, 409, 410/
Stage loading, 48, 123, 126, 146f, 181182
Stage matching. 19%0-193
Stuge stacking, 193
Stagger angle, 72
Stagnation enthalpy, & 18-19
Stagnation pressure loss coefficient, 77, 79
Stall and surge in compressor, 198-203
Stunitz's expression for slip velocity, 284285
Stutor loss models, 332-333
Steady flow
energy equation,
moment of momentur, 9
momentum equation. 9
Steam, 1718
and gas turbines, 2325
Steam turhines, 119, 131133
low pressure. 120/
Streamline curvature method, 243245
Streamtube thickness varation, 76—77
Stresses in turbine rotor blades, 150—155
centrifugal, 151155
Suction specific speed, 394—395
Superheat of steam, degree of, 18
Surge margin, 4849
Sweep, 251252
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T

Tungential flow induction factor, 442

Tangential velocity distribution, 222

Thermodynamic properties of fluds, 14—18
Ideal guses, 1415
perfect gases, 16—17
steam, 1718

Thoma coefficient, 391-392, 304393

3D computational fluid dynamics (3D CFD)
application in axial turbomachines. 254263
multiple blade row steady computanions, 235256
single-pussage computations, 255
unsteady computations, 257

3D design. 251-254
endwall profiling, 252
leakage puths, seuls, und gups, 2522
lean, 252
sweep, 251252

Three-dimensional flows i axinl wrbomuchines, 215

Throat, 21

Through-flow problem
computer-nided methods of solving, 242245
technigques for solving, 243

Tida! power, 362, 4090417, See alse SeaGen tidal turbine
categories of. 410

Tidal stream generators, 410—411

Tides
neap, 409, 410/
runge, 409
spring. 409, 4101

Time-marching methed, 243

Tip—speed ratio, 448, 459—460

Total-to-stutic efficiency, 24, 326, 351352
effect of reaction on, 140141
of stage with axial velocity ut exit, 148—150, 149/

Towl-1o-totl efficiency, 23
of fifty percent reaction turbine stage, 146—147
of impeller, 298
of turbine stage, 127
of zero reaction turbine stage, 148, 1497

Triple point for water, 1§

Turbine cascade (two-dimensional), 95108
Ainley and Mathieson correlation, 9698
Dunbam and Came improvements, 9697
flow exit angle, 103-106
Mow outlet angles, 9798
Timit load, 106—108
Mach number effects on loss, 101-102
optimum spuce to chord ratio, 102<103
Revnolds number correction, 99
Soderberg’s correlation, 99~101
turbine Timit load, 106—108

tuthine Joss correlations, 95-96
Zweifel critenon, 102-105
Turhine efficiency, 22
Turbine polytropic efficiency, 31
Turbines
axial—flow. See Axial-flow turbines
Francis. See Francis turbine
free-vortex stage, 233235
high speed, 4952
hydranlic. See Hydraulic turbines
Kaplan. See Kaplan turbine
off-design performance of stage, 232—-233
Pelton. See Pelton wrbine
madial flow gus. See Rudinl flow gas wrbines
reaction, 377
Wells, See Wells turbine
wind. See Wind turbine
Turbochargers, 487
advantages, 487
efficiency, size effect on, 389391
types, 487
Turbomachines
categories of, 1
as control volume, 9, 10f, 40/
coordinate system, 2—6
definition of, 1 -2
flow unsteadiness, 3336
performance charucteristies of, 4244
Turbomachines, axial
blade rows in, 239
endwall profiling, 252
lcakage paths. seals, and gaps, 252-254
lean, 252
solving through-flow problem in, 242245
sweep, 251252
3D design of, 251254
Two-dimensional cascades. See Cascades, two-dimensions

U
Unsteadiness puradox, 33
Unsteady 3D computations, 257

v

Vaned diffuser, 303-303, 503
Vaneless diffuser, 301302
spuce, flow in, 500-503
Vapour pressure, 62-63
Velocity, spouting, 325-326
Velocity diagrams for axial flow compressor stage, S-&
Velocity triangles for root, mean and tip radii, 493F 45&
Vertical axis wind turbine (VAWT), 423




Volute, 301-302, 503
centrifugal compressor, 268, 300, 3011
centrifugal pump, 300, 301/

Vorticity, secondary, 246—248

w

Wake momentum thickoess ratio, 89, 91
Wave power, 362. See nlvo Wells nrbine
Weibull Distribution, 432433

Wells turbine, 362, 398399, 309/

blade of, velocity and force vectors acting on, 401f

blade solidity effect on, 403404
charucteristics under steady flow conditions, 406
design and performance variables. 402405
flow coefficient, effect on, 403
hub—tip ratio, ¢ffect on, 404
operating principles, 400
und oscillnting water column, 398
self pitch-controlled blades, 405408
starting behaviour of, 405, 405
two-dimensional flow analysis, 400—202
Wet steam, 17
Whurl distnbution, 222
White noise, 62
Whitfield's design of rotor, 337340
Wind data
basic equations, 431432
statistical analysis of, 431-433
Wind energy
avmlability, 420
chamcteristics, 420422
resource estimation, 420422
Wind shear, 426427
Wind speed probability density function, 427428

Index

Wind speed probability distributions, 432—433
Rayleigh distribution, 432, 433/
Weibull distribution, 432433

Wind turbine. 419422, 481
blade section criteria, 466467
control methods, 469473
cut-in wind speed, 427
cut-out wind speed. 427
environmental maners, 478480
historical viewpoint, 422
ideulized power output curve for, 428¢
kinetic power, 428§
maximum possible power production

of, 429430
performance measurement of, 427430
performance testing, 474
power coefTicient of, 436437
power output, 441
Prandtl’s blade tip correction for, 453455
prediction of power output, 427
rated output power, 428
rotor blade configuration, 458463
size of. 481
solidity, 248
stall control, 471
types of, 422427
Windmills. 422

Z

Zero Lift line of serofoil, 208-212

Zero reaction turbine stage, 136
Mollier diagram for, 136/
total-to-total efficiency of, 148, 149/

Zweifel criteion, 102—-105
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