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A

Absolute pressure, |11
Acceleration, 87-89
Accelerating containers. 64
Cartesian coordinates, 88
convective acceleration, 88
local acceleration, 88
material derivative, 88
substantial derivative, 88
Added mass, 367
problems dealing with, 414
Adiabatic, 27
Adverse pressure gradient, 352
Acrodynamic analysis of rotating
wind-turbine blade, 172-176
Air at atmospheric pressure,
properties, 727
Air foils, lift and drag, 368-372
Alternate depths, 485
Analytic function, 375
Andrade’s equation. 16

Index

Anemometers, 652

Angular acceleration. 89

Angular velocity, 90

Apparent shear stress, 298

Approximate solution, laminar boundary
layer. 388-392

Archimedes’ principle, 58

Area properties. 732

Atmospheric pressure, 10-11, 42-43

Axial flow pump, 595

Axial-flow turbine, 630

Axial pumps, 602-606

B
Basic flow equations, 373-377
Basic laws, 125-127
conservation of mass, 125
control volume, 127
first law of thermodynamics, 125
moment of momentum equation, 126
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Newton's second law, 125-126 skin friction coefficient, 390

problems dealing with, 186-187 turbulent boundary layer, empirical

specific energy, 125 form, 396401

system, 124 turbulent boundary layer, power-law
Bernoulli’s equation, 102-111 form, 392-396

cavitation, 106 von Kirman integral number, 386-388

definition, 104 Boundary-value problem. 208

problems dealing with, 117-121 Brake power, 601

separated region, 106 Branch piping, 553-558

stagnation pressure, 104 Broad-crested weir, 493-494

stall, 106 Bubble, 19, 21

static pressure, 104 Buckingham = theorem, 243, 245250

total pressure, 104 Buffer zone, 302, 398

uses, 105 Bulk modulus, 429

Best operating point, 620

> ) Bulk modulus of elasticity, 17
Bingham fluids, 16

Buoyancy, 58-60

Bla.s'ius fgrmula, 393 law. 58
gg::;ndga;r;'con ditions. 208 problems dealing with, 78-79
Boundary layers. 97
problems dealing
with. 418419 t )
Boundary-layer theory, 384-408 Capillary tube, 20
Bourdon gage, 649 Cartesian coordinates, 88
Boundary-value problem, 208 Casing, 594
approximate solution, laminar Cauchy-Riemann equations. 375
boundary layer, 388-392 Cavitating propeller, 21
Blasius formula, 393 Cavitation. 21. 106. 364
buffer zone. 398 cavitation number, 365
critical Reynolds number, 385 fixed cavitation, 365
displacement thickness, 388 problems dealing with, 414
general background, 384-386 traveling cavitation, 364
inner region, 396 with turbines, 630-632
laminar boundary-layer equation, in turbomachines, 606-610
401-405 vibratory cavitation, 365
local Reynolds number., 385 vortex cavitation, 365
momentum thickness, 388 Cavitation number, 365
outer region, 396 Celerity, 514
pressure-gradient effects. Center of buoyancy. 61
405-408 Center of pressure, 50
self-similar, 396 Centrifugal pump, 595

shear velocity, 396 Channel constriction, 488-490




Channel entrance with critical flow,
490-492
Channel geometry, 477-479
Chapter 10 numerical solutions,
742-748
Chapter 11 numerical solutions,
749-763
EPANET 2 numerical solution,
757-763
Excel® solution, chapter 11, 754
Excel® spreadsheet formulas, 755
Characteristic curves
pumps operating in parallel, 621
pumps operating in series, 622
Chezy coefficient, 327
Chezy equation, 327
Chezy-Manning equation, 327, 480
Choked flow. 435. 489
Choking condition, 489
Chord. 351
Circulation, 378
CoefTicient of compressibility, 17
Coefficient of viscosity, 220
Colebrook equation, 310
Colebrook formula, 544
Common dimensionless parameters,
250-251
Common liquids, atmospheric pressure
properties, 60 to 70°F, 729
Completely turbulent regime, 308
Complex velocity potential, 375
Components, 542
Compressibility
definition, 17-18
problems dealing with. 33
Compressible flow, 102, 260, 425471
in elastic pipe, 572-578
isentropic expansion waves, 460-463
isentropic nozzle flow. 431-441
oblique shock wave, 455460
shock wave, converging-diverging
nozzles, 448453

Index

shock wave, normal, 441448
speed of sound and Mach number.
427-431
vapor flow through a nozzle. 453455
Compressible-flow tables for air, 733-741
isentropic flow, 733-735
normal-shock flow, 735-739
Prandtl-Meyer function. 740 741
Condensation shock, 454
Confined flows. 254-255
Conjugate depth, 498
Conservation laws, 22
momentum, 22
energy, 22
mass, 22
Conservation of mass, 125, 131139
definition, 125
discharge, 133
problems dealing with, 188-192
Conservation of momentum, 22
Constant density, 102
Constant volume specific heat, 26
Constitutive equations, 220
Containers
linearly accelerating, 64-635
problems dealing with, 80
rotating, 66-68
problems dealing with, 81
Continuity equation. 133, 426
differential, 210
Continuum, Y
Contraction coefficient, 657
Controls and critical flow. 514-513
Contraction, flow through, 105
Control surface. 127
Control volume, 127
Control-volume analysis of wind
turbines, 166-172
Convective acceleration, 88
Converging-diverging nozzles, 448-453
Conversions, 722
Coriolis acceleration, 89



778

Index

Correlation coefficient, 300

Couette flow, 286

Creeping flows, 348

Critical area, 434

Critical cavitation number, 608

Critical depth. 485

Critical energy, 485

Critical Reynold number, 99, 385

Critical zone, 308

Curved surfaces, 54-58
problems dealing with, 76-77

Darcy-Weisbach equation, 281, 326
Data acquisition, 672
Deflection angle, 456
Deflectors, momentum equation applied
to, 158-165
moving deflectors, 159
stationary deflector, 159
Density
definition, 13-14
problems dealing with, 31-32
Derived units, 6
Design discharge, 620
Design head, 620
Detached shock waves, 458
Developed flow, 96, 276-278
Developed laminar flow, 276
Differential continuity equation. 209-214
definition, 210
gradient operator, 210
incompressible flow, 210
nonhomogeneous flows. 211
problems dealing with, 235-237
stratified flows. 211
Differential energy equation, 227-232
Fourier’s law of heat transfer, 227
problems dealing with, 239
thermal conductivity, 227

DifTerential equation, 297-301
Differential equation for gradually varied
flow, 509-511
Differential forms of fundamental laws,
207-209
boundary conditions, 208
boundary-value problem, 208
initial conditions, 208
initial-value problem, 208
Differential momentum equation, 214-226
coefficient of viscosity, 220
constitutive equations, 220
Euler’s equations, 216-219
general formulation, 214-216
homogeneous fluid, 220
isotropic fluids, 220
Navier-Stokes equations, 219-222
Newtonian fluids, 220
normal stress, 215
persistence of irrotationality, 224
Stokes hypothesis. 220
vortex line, 224
vortex tube, 224
vorticity equations, 223-226
Difference operators. 693
DifTerential volume elements, 129
Diffuser. 433
Dilants, 16
Dimensional analysis. 243-252
Buckingham n-theorem, 243, 245-250
dimensionless parameters, common,
250-252
dimensionless parameters, fuid
mechanics, 252
dimensions review, 244-245
motivation, 243-244
problems dealing with, 266-268
repeating variables, 246
Dimensional analysis and similitude,
610-619
dimensionless coefficients, 610-614




homologous units, 611
problems dealing with, 641
similarity rules, 614-616
specific speed, 616-619
turbomachinery similarity rules, 614
Dimensional homogeneity. 241
Dimensionless coefficients, 610-614
Dimensionless parameters. common.
250-252
Dimensionless parameters. fluid
mechanics, 252
Dimensionless performance curves, 611
Dimensionless pressure drop vs.
dimensionless velocity, 241
Dimensions, 4-8
derived units, 6
prefixes, 6
problems dealing with, 34-35
units, 6
Dimensions review, 244-245
Direct integration methods, 525-527
Discharge, 133
Discretization, 689
Discharge coefficient, 493
Dissipation function, 230
Displacement thickness, 388
Doublet, 378
Double strength, 378
Draft tube. 627
Drag, 349
Drag coefficient, 349
in a channel, 506
Drag on submerged objects. 505
Duldy, 37
Dynamic response. 648
Dynamic similarity, 252

E
Eddy viscosity, 299
Efficiency, 621

Index

Elastic pipe and compressible flow,
572-578
Elemental approach, laminar flow
between parallel plates, 285-286
in & pipe, 278-279
between rotating cylinders, 291-292
Elementary theory
problems dealing with, 640-641
radial flow pumps, 595-600
Elements, 542
Energy concepts, 483-497
energy equation in transitions use,
488-497
flow measurement. 493-496
problems dealing with, 529-532
specific energy, 484-488
total energy, 484
Energy equation, 139-151
compressible flow. 426
definition, 139
flow work. 141
general energy equation, 141-142
kinetic energy correction factor. 146
losses, 142
piezometric head. 143
pressure head, 143
problems dealing with, 192-198
steady nonuniform flow, 145-151
steady uniform flow, 142-145
total head, 143
velocity head, 143
work-rate term, 140
Energy equation in transitions use,
488497
channel constriction, 488-490
channel entrance with critical flow,
490-492
choked flow, 489
choking condition, 489
energy losses, 492
Energy grade lines. 320-323
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Index

Energy losses. 492

English units, §

Enthalpy, 26

Entrance and developed flow, 276-278
developed laminar flow, 276
entrance length, 276
inviscid core length, 276
problems dealing with. 332
profile development region, 276

Entrance length, 276

Entrance region, 276

Entropy, 427

EPNET, 567

EPANET 2 numerical solution.

757-763

Equation for uniform flow, 480482

Equivalent length, 318

Error, numerical, 700

Eulerian description, 84-85

Euler’s equations, 216-219

Excel® solution, chapter 11, 754

Excel® spreadsheet formulas. 755

Exit area, 131

Exit flow, 107

Exosphere, 41

Expansion fan, 462

Expansion waves, 460463

Extensive property. 23

External flows, 97, 347-423
boundary-layer theory, 384408
drag, 349
drag coefficient, 349
flow around immersed bodies,

353-368

free-stream flow, 351
lift. 349
lift and drag on airfoils, 368-372
lift coefficient, 349
potential-flow theory, 373-384
scparated region, 349
separation, 351-353

velocity defect, 349
wake, 349

F

Favorable pressure gradient, 352
Fictitious velocity, 396
Finite-difference methods, 688, 693
First law of thermodynamics. 125
definition, 22, 24
problems dealing with. 34-35
Fixed cavitation, 365
Fixed control volume, 127, 129
Fixed-grade nodes, 559
Flapped airfoil. 369
Flow
through a contraction. 105
external, 347-423
internal, 275-345
open channels, 474539
piping systems. 541-59|
Flow around immersed bodies, 353 368
added mass. 367-368
cavitation, 364-366
drag coefficients, 353360
streamlining, 363-364
vortex shedding. 360-363
Flow coefficient, 657, 661
Flow equations, basic, 373-377
Flow fields
definition. 835
problems dealing with, 113115
Flow meters, 664
Flow measurement, 493-496
broad-crested weir, 493494
discharge coefficient, 493
nappe, 493
Parshall flume, 496
sharp-crested weir, 494-496
stage, 496
weir, 493




Flow rate, 133, 655
Flow with outer cylinder fixed, 293-295
Flow work, 141
Flow visualization, 664
Fluctuations. 98
Fluid flows classifications, 95-102
compressible flow. 102
developed flow, 96
external flows, 97
free stream, 100
incompressible flow. 101-102
intermittent flow, 99
inviscid flow. 96
laminar flow, 97
one-dimensional flow, 96
problems dealing with, [15-116
Tavlor-Conette flow, 98
three-dimensional flow, 935
turbulent flow, 97
two-dimensional flow, 95
uniform flow, 96
viscous flow, 96
Fluid mechanics, symbols and
dimensions
of quantities, 246
Fluid motion. 84-95
acceleration, 87-89
angular velocity, 90
Eulerian description, 84-85
flow field, 85
Lagrangian description, 84-85
pathline, 85
streakline, 86
streamline. 86
streamtube, 86
vorticity, 91
Fluid particle, 298
Fluid properties, 13-22, 726-731
air at atmospheric pressure, 727
common liquids, atmospheric pressure,
60 to 70°F

compressibility. 17-18
density, 13-14
ideal gases at 300 K
kinematic viscosity as function of
temperature, 731
standard atmosphere, 728
surface tension, 18-21
vapor pressure, 21-22
viscosity, 14-17
viscosity as function of temperature,
730
water, 726
Fluids
in motion, 83-95
at rest, 40-63
Fluid statics, 37-81
fluids at rest, 40-64
linearly accelerating containers, 64-635
pressure at a point, 38-39
pressure variation, 39-40
rotating containers, 66-68
Forces
buoyancy, 58-60
on curved surfaces. 54358
on plane areas, 49-54
problems dealing with, 73-77
stability, 61-63
Fourier's law of heat transfer, 227
Francis turbine, 627-628
Free stream. 100
Free-stream flow, 351
Free-stream fluctuations, 98
Free-stream fluctuation intensity, 352
Free-stream turbulence, 98
Free surface, 41
Free-surface flows, 255-259
Free-surface flows classifications, 475476
gradually varied flow, 475
rapidly varied flow, 475
Frictional losses, piping systems, 542-547
Friction factor, 281, 288

Index 781
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Index

Froude number, 252, 476

Fundamental dimensions and their units. 5

Fundamental laws
incompressible flows. 234, 725
integral forms, 123-205, 724

G

Gage pressure, 11
Galloping power lines, 361
Gases

continuum view, 8-10

definition, 8
Gauss-Legendre formula, 523
Gauss-Legendre quadrature, 523
Gauss-Seidel method, 722
Gauss's theorem. 208
General energy equation, 141-142
General formulation, differential

momentum equation, 214-216

Generalized cross section, 486-488
Generalized network equations, 560-3561
General momentum equation. 151152
Geometric similarity, 253
Gradient method. 567
Gradient operator. 210
Gradually varied flow. 475. 509
Guide vanes, 626

H

Hardy Cross method, 563-567

Head-discharge relations— performance
curves, 601-602

Head loss, 282

Heat transfer, 142

HEC-RAS River Analysis System, 525

High-Reynolds-number flows, 258

Homogencous fluid, 220

Homologous units, 611

Horizontal rotation, 66

Hot-wire anemometer, 652
Housing, 594
Hydraulic and energy grade lines, 320-323
Hydraulic bore, 504
Hydraulic depth, 487
Hydraulic grade lines, 320-323
Hydraulic jump, 500307

types of, 502

drag on submerged objects, 505

hydraulic bore, 504

stilling basin, 505

surge, 504

translating hydraulic jump, 504
Hydraulic radius, 314, 478, 479
Hydraulic smoothness, 301
Hydraulic turbines applications

ranges, 645

Hydrofoil, 365-366
Hydrometer, 59
Hydrostatic pressure distribution, 476-477
Hypersonic flow, 430

Ideal gases. properties at 300 K, 729
Ideal gas law, 23
Ideal gas properties, 23-24
Idealized hydraulic jump, 501
Idealized radial-flow impeller, 596
Ideal plastics, 16
Index of refraction, 670
Immersed flows, 349
Impeller. 594
Impulse turbine, 625, 632-634
Incompressible flow, 101-102, 210
fundamental laws, 234, 725
in inelastic pipe, 570-572
Inertial moment, 180
Inertial reference rame, 89
Infinitesimal control volume. 209
Infinitesimal parallelepiped fluid
particle, 90




Initial conditions, 208
Initial-value problem. 208
Inlet area, 107, 130
Inner region, 396
Integral forms of fundamental laws,
123-205. 724
conservation of mass, 131-139
energy equation. 139-151
moment-of-momentum equation,
180183
momentum equation, 151-180
system-to-control-volume
transformation, 127-131
three basic laws, 124-127
Integrands, 133, 208
Intensive property, 23
Intermittent flow, 99
Internal flows, 275-345
developed flow, 276-278
entrance flow, 276-278

laminar flow between parallel plates,

285-291
laminar flow between rotating
cylinders, 291-295
laminar flow in a pipe.
278-284
turbulent flow in a pipe. 295-326
uniform turbulent flow in open
channels. 326-329
Internal friction, 142
Internal inviscid flows. 105
International System, 6
Interior nodes, 559
Inviscid core length, 276
Inviscid Mow, 96
Tonosphere, 41
Irregular channels, 524-525
Irrotational flows, 89
[rrotational vortex, 378
Isentropic compressible-flow tables for
air, 733-735

Index

Isentropic expansion waves, 460-463
expansion fan, 462
Prandtl-Meyer [unction, 462

Isentropic flow
problems dealing with, 35

Isentropic nozzle flow, 431-441
choked flow, 435
critical area, 434
diffuser, 433
nozzle. 433
pressure recovery factor, 437
problems dealing with, 466-468

Isentropic process, 27

Isoefficiency curve
Francis turbine, 629
Pelton turbine, 635

Isotropic fluids, 220

Isotropic Newtonian fluids, 243-244

J

Joukowsky equation, 574
Junctions, 559

K

Karman vortex street, 360

Kinetic-energy correction factor. 146

Kinetic pressure, 262

Kinematic similarity, 253

Kinematic viscosity. 16

Kinematic viscosity as function of
temperature properties, 731

Kinetic energy correction factor, 146

Kinetic pressure, 262

Knock. 361

Kutta-Joukowsky theorem, 383

L

Lagrangian description, 84-83

Laminar and turbulent boundary layers
problems dealing with, 421
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Index

Laminar-boundary equations, 401-405
approximate solution, 388-392
problems dealing with, 422

Laminar flow, 97

Laminar flow between parallel plates,

285-291

Couette flow, 286

elemental approach, 285-286

friction factor, 288

Navier-Stokes equation, laminar flow
between parallel plates, 286-287

problems dealing with, 334-336

simplified flow situation, 287-291

Laminar flow between rotating cylinders,

291-295

elemental approach. 291-292

flow with outer cylinder fixed,
293295

Navier-Stokes equation, laminar flow
between rotating cylinders, 292-293

problems dealing with, 337

Laminar flow in a pipe, 278-284
Darcy-Weisbach equation, 281
clemental approach, 278279
friction factor, 281
Navier-Stokes equation solutions,

279-280
pipe flow quantities, 280-285
Poiseuille flow, 279
problems dealing with, 333-334

Laminar portion, 394

Laminar profile, 386

Laplace’s equation, 372-373

Leibnitz's rule, 499

Lift, 349

Lift and drag on airfoils, 368-372
problems dealing with, 414415
wingspan, 370

Lift coefficient, 349

Linearization of system energy equations,

562-563

Linearly accelerating containers, 64-65
problems dealing with, 80
Line of action determination, 180
Liquids
continuum view, 8-10
definition. 8
Liquids, common, atmospheric pressure
properties. 60 to 70°F, 729
Local acceleration, 88
Local Reynolds number, 385
Local skin-friction coefficient, 390
Loss coefficients. 143. 146
conical expansion, 315
fitting. 315
Losses, 142
in channels, 492
in piping systems, 542-546
in developed pipe flow, 307-313
in noncircular conduits, 314
Low-Reynolds-number flows, 348

M
Mach number, 102
Mach waves, 430, 460-463
Manning n, 327
Manning relation, 480
Manometers, 4549
capabilities, 47
definition. 45
problems dealing with, 71-73
types, 46, 649
Matching pumps to system demand,
619-620
Material derivative, 88
Mean free path. 9
Mesophere, 41
Metacentric height. 61
Metastable equilibrium, 453
Meters
elbow, 660
open-channel, 664




orifice. 658
target, 662
turbme, 661
venture, 660
vortex shedding, 663
Microhydro, 637
Micromanometer. 46
Minihydro, 637
Minor losses in pipe flow. 315-320
problems dealing with, 340-341
Mixed-flow pumps. 5395, 602-606
Mixing length, 299
Moment-of-momentum equation, 126,
180183
line of action determination, 180
problems dealing with, 205
Momentum and energy
problems dealing with, 204
Momentum concepts, 497-508
hydraulic jump, 500-507
momentum equation, 497-500
numerical solution of momentum
equation, 507-508
problems dealing with, 532-533
Momentum correction factor, 176
Momentum equation. 151180, 426,
497-3500
serodynamic analysis of rotating
wind-turbine blade, 172-176
conjugate depth, 498
control-volume analysis of wind
turbines, 166-172
deflectors, momentum equation
applied to. 158-165
general momentum equation, 151-152
sommertial reference frames, 178180
problems dealing with, 198-204
propellers, momentum equation
spplied to, 165-166
seguent depth, 498
sieady nonuniform flow, 176-178

steady uniform flow, 152158

transition region, 499-500
Momentum function. 498
Momentum thickness, 388
Moody diagram. 313. 314
Most efficient section, 482-483
Motivation, 243-244
Moving deflectors, 159

Multistage pumps, 622-625
N
Nappe, 493

Navier-Stokes equation, laminar flow
between parallel plates. 286-287
between rotating cylinders, 292-293
in a pipe. 279-280

Navier-Stokes equations, 219-222

Negative pressure gradient. 405

Net positive suction head (NPSH), 602

Network analysis using generalized

computer software, 567-370

Newtonian fluids, 16, 220

Newton's second law, 6, 22, 125-126

Noncircular conduits losses, 314

Nonhomogeneous flows, 211

Noninertial reference frame, 89, 178180

Nonisotropic fluids, 243

Non-Neutonian fluids, 16

Nonuniform flow, 145-151, 176-178. 474

Nonuniform gradually varied flow,

509-517
celerity, 514
controls and critical flow. 514-515
differential equation for gradually
varied flow. 509-511
problems dealing with, 534539
profile synthesis, 515-517
water surface profiles, 511-514
Nonuniform velocity profiles, 133
Normal depth, 480

Index 785
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Index

Normalized differential equations,
261-264
kinetic pressure, 262
problems dealing with, 272-273
Normalized problem, 263
Normal-shock compressible-flow tables
for air, 735-739
Normal shock wave. 441-448
problems dealing with, 469
shock wave. 442
Normal stress, 8, 215
Normal vector, 128
No-slip condition. 16
Nozzle. 433
Numerical
convergence. 704
errors, 704
methods. 693
stability, 701
Numerical analysis, water surface profiles,
517-527
direct integration methods, 525-527
irregular channels, 524-525
numerical integration method,
523-524
standard prep method, 518-522
Numerical integration method,
523-524
Numerical solution of momentum
equation, 507-508
Numerical solutions
chapter 10, 742-748
chapter 11. 749-763

0

Oblique shock wave, 455460
deflection angle, 456
problems dealing with, 470-471
wedge angle, 456

One-dimensional flow. 96

Open-channel flow, 474-539
classification of free-surface flows,
475476
energy concepts, 483-497
free surface, 474
Froude number. 476
hvdrostatic pressure distribution,
476-477
momentum concepts, 497-508
nonuniform gradually varied flow,
509-517
numerical analysis, water surface
profiles, 517-527
problems dealing with, 344-345
uniform flow, 477-483
Operating point of the system, 324
Outer region, 301, 396

P
Parabolic profile, 175-176
Paraboloid of revolution, 67
Parallel piping, 550-553
Parshall flume, 496
Pathline, 85
Pelton impulse turbine, 634
Performance curves, 601602
Periodic flows, 260-261
Persistence of irrotationality. 224
Physical quantities, 4-8
problems dealing with. 30-31
Piezometer, 104
Piezometric head. 104. 143
Pipe elements, frictional losses, 542-547
Pipe equation. 310
Pipe flow quantities, 280-285
Pipe network analysis, 558570
EPNET, 567
fixed-grade nodes, 559
generalized network equations.
560-561




gradient method, 567
Hurdy Cross method, 563-567
mnterior nodes, 559
junctions, 559
linearization of system energy
equations, 562-563
network analysis using generalized
computer software, 567-570
pseudoloop, 559
Piping system flow, 541-591
components, 542
elements, 542
frictional losses, 542-347
pipe network analysis, 558-570
simple pipe systems, 547-558
unsteady flow in pipelines, 570-578
Pitot probe, 104
Pitot-static probe, 104
Plane areas, 49-54
problems dealing with. 73-76
Plane flow, 95
Poiseuille flow. 279
Positive pressure gradient, 404
Positive surge waves, 504
Potential-flow theory. 373-384
numerical solution, 709
analytic function, 375
basic flow equations, 373-377
circulation, 378
complex velocity potential, 375
double strength. 378
simple solutions, 378-380
source strength, 378
superposition, 381-384
vortex strength, 378
Potential function, 373
Power-law profile, 304
Prandt] boundary-layer equation, 402
Prandtl-Meyer function. 462
Prandtl-Meyer function compressible-
fiow tables for air. 740-741

Pressure, 10
absolute, 11
at a point, 38-39
gage, 11
in atmosphere. 41-42
in liquids at rest, 41
problems dealing with, 31,
70-71
scales, 10-12
stagnation, 104
static, 104
variation, 39-40
Pressure-gradient effects, 405408
problems dealing with, 423
Pressure head, 143
Pressure measurement, 649
Pressure recovery factor, 437
Pressure transducers, 650
Profile development region, 276
Profile synthesis. 515-517
Propeller efficiency, 166
Propellers. momentum equation
applied to, 165-166
Properties
areas, 732
fluid, 726-731
volumes, 732-733
Pseudoloop, 559
Pseudoplastics, 16
Pump characteristic curves,
323,619
Pump-driven flow, 554
Pump head, 145
Pump housing, 594
Pumps in parallel, 620
Pumps in series, 620-622

Q
Quasi-equilibrium, 26
Quasi-static process, 26
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R
Radial flow pumps, 595-602
brake power. 601
centrifugal pump, 595
elementary theory. 395-600
head-discharge relations—performance
curves, 601-602
Rankine-Hugoniot, 469
Rapidly varied flow, 475
Rate-of-energy transfer, 138
Rate-of-strain tensor, 92
Ratio of specific heats, 26
Rayleigh-pitot-tube formula, 452
Reaches, 542
Reaction turbine, 625, 626-632, 632-634
Rectangular sections, 484
Regression analysis, 678
Regular section, 477
Relative roughness, 301
Repeating variables. 246
Representative controls, 514
Resistance coefficient, 542
Resultant force, 51
Reversible pump/turbine units. 638
Reynolds number, 99
Reynolds stress. 657
Reynolds transport theorem, 130
Rheology. 9
Rocket, 178
Rotating containers, 66-68
problems dealing with, 81
Rotating cvlinders, 291-295
Rough pipe, 302
Runner, 625

S

Scalar potential function. 375

Second coefTicient of viscosity, 220

Selection and operation of turbines.
634-639

Self-similar, 396
Semicircular arc, streamlines. 100
Separated flows

problems dealing with, 410412

Separated region, 106, 349
Separation, 351-353

adverse pressure gradient, 352
chord, 351

favorable pressure gradient, 352
[ree-stream fluctuation intensity, 352
stall, 351

Sequent depth, 498

Series piping, 547-550
Shalt work. 141
Sharp-crested weir, 494-496
Shear stress, 8. 215

Shear velocity, 302, 396
Shear work, 141

Shock waves

converging-diverging nozzles,
448453

definition, 430, 442

normal. 441448

oblique, 455-460

Shroud, 593
Similarity rules, 614-616
Similitude, 252-264

compressible flows, 260

confined flows, 254-255
definition, 243, 252

dynamic similarity, 252
free-surface flows, 255-259
geometric similarity, 253
high-Reynolds-number flows, 258
kinematic similarity, 253

periodic flows, 260-261

problems dealing with, 269-271

Simple piping systems. 547-558

branch piping, 553-558
parallel piping. 550-553
problems dealing with, 341-344



with pump. 324-326
series piping. 547-550
Simple solutions, 378-380
Simplified flow situation, 287-29]
S1iSysteme International) units, 5
Skin friction coefficient, 390
Slider valve, flow, 243
Slots, 370
Smooth pipe, 302, 304
Smooth wall, 301
Sound wave, 428
Source strength, 378
Specific discharge, 484
Specific energy, 125, 484-488
alternate depths, 485
critical depth. 485
critical energy, 485
definition, 484
generalized cross section, 486488
hydraulic depth, 487
rectangular sections, 484
specific discharge. 484
subcritical flow, 486
Specific gravity. 13
Specific speed, 616-619
Specific weight
definition, 13
problems dealing with, 31-32
Speed of sound and Mach number, 27,
427431
bulk modulus, 429
hypersonic flow, 430
problems dealing with, 35,
465466
shock wave, 430
sound wave, 428
supersonic flow, 430
zone of silence, 430
problems dealing with. 35
Sphere, 355
Sprinkler, 181

Stability
numerical, 699
demonstration of, 61-63
problems dealing with, 79
Stage, 496
Stage-discharge curve, 496
Stagnation point, 95
Stagnation pressure. 104
Stagnation quantities, 433
Stall. 106, 351
Standard atmosphere, 41-44
Standard atmosphere. properties, 728
Standard atmospheric conditions, 9
Standard step method, 518-522
Strain rate, 14
Static pressure, 104
Stationary defiector, 159
Steady flow, 85
Steady nonuniform flow, 145-151,
176-178
Steady uniform flow, 142145, 152158
Stilling basin, 505
Stokes hypothesis, 220
Strain rate, 14
Stratified flows, 211
Stratosphere, 41
Stratosphere, 42
Steady flows
uniform, 142
problems dealing with, 579590
Streakline. 86
Stream function, 374
Streamline. 86
Streamlining, 363
problems dealing with. 413
Streamtube, 86
Streamwise-component momentum
equation, 428
Stress vector. 8
Strouhal number, 248, 252, 261, 263
Suberitical flow, 486
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Submerged body, 58
Submerged objects. drag. 506
Subsonic flow, 430
Substantial derivative, 88
Substantial, derivative, acceleration, and
vorticity in rectangular, cylindrical,
and spherical coordinates, 723
Suction specific speed, 618
Supercavitation, 365
Superimposition of simple flows
problems dealing with, 416-418
Superposition, 381-384
Supersaturation, 453
Supersonic flow, 430
Supersonic nozzle, 434, 438
Surface tension
definition, 18-21
problems dealing with, 33-34
Surge, 504
Surging, 570
Swamee-Jain equation, 545
Swept-back airfoils, 370
System. 22, 124
System demand curve, 324, 619
System energy equations linearization,
562-563
System-to-control-volume
transformation, 127-131
control surface, 127
differential volume elements, 129
problems dealing with, 187
Reynolds transport theorem, 130

T

Tangential force, 8
Taylor-Conette flow, 98
Temperature
problems dealing with, 31
scales, 10-12
Theoretical head curve, 598, 601
Thermal conductivity, 227

Thermal diffusivity, 229
Thermodynamic properties and
relationships, 23-28
first law of thermodynamics, 24-25
ideal gas, 23-24
Thermodynamic quantities, 25
Thoma cavitation number, 609
Three basic laws, 124-127
conservation of mass, 125
first law of thermodynamics. 125
Newton's second law, 125-126
Three-dimensional flow, 95
Three-dimensional stress components.
215
Time average. 296
Time derivative, 87, 130
Torque, 294
Total energy, 484
Total head. 104, 143
Total pressure, 104
Trailing vortex. 371
Transducers, 650
Transition region, 499-500
Transition zone, 308
Translating hydraulic jump, 504
Trapezoidal channel, 491, 520
Trapezoidal cross section, 483
Trapezoidal section, 477
Traveling cavitation, 364
Triangular channel, 487
Troposphere, 40
T-section energy equation, 145
Turbines, 625-639
axial-flow turbine, 630
cavitation considerations with
turbines, 630-632
Francis turbine, 627-628
guide vanes. 626
impulse turbine, 625
microhydro, 637
minihydro, 637
problems dealing with, 644-645



reaction turbine, 625, 632-634

reaction turbines, 626-632

runner, 625

selection and operation of, 634-639

velocity coefficient, 633

wicket gates, 626

Turbomachinery, 593-645

dimensional analysis and similitude,
610-619

turbines, 625-639

turbopumps, 594-610

turbopumps in piping systems,
619-625

Turbomachinery similarity rules. 614
Turbopumps, 594-610

axial flow pump. 595

axial pumps, 602-606

casing. 594

cavitation in turbomachines,
606-610

definition, 594

housing, 594

impeller, 594

mixed-flow pumps, 595, 602-606

problems dealing with, 642-644

radial flow pumps, 595-602

Turbopumps in piping systems, 619-625

best operating point, 620

design discharge, 620

design head, 620

efficiency, 621

matching pumps to system demand,
619-620

multistage pumps, 622-625

pumps in parallel, 620

pumps in series, 620-622

system demand curve. 619

Turbulence, 98
Turbulent boundary layer

empirical form, 396401
power-law form. 392-396

Turbulent flow, 97

Turbulent flow in pipes and conduits,
295-326
apparent shear stress, 298
buffer zone, 302
Colebrook equation, 310
completely turbulent regime. 308
correlation coefficient, 300
critical zone, 308
differential equation, 297-301
equivalent length, 318
hydraulic and energy grade lines,
320-323
hydraulic smoothness, 301
losses in developed pipe flow, 307-313
losses in noncircular conduits, 314
minor losses in pipe flow, 315-320
mixing length, 299
Moody diagram, 313, 314
operating point of the system, 324
outer region, 301
power-law profile, 304
problems dealing with, 339-340
relative roughness, 301
shear velocity, 302
simple pipe system with pump, 324-326
system demand curve, 324
transition zone, 308
turbulent shear stress, 298
velocity profile, 301-307
vena contracta, 318
viscous length. 302
wall region, 301
wetted perimeter. 314
Turbulent profile, 386
Turbulent regime, equation, 309
Turbulent region, 302
Turbulent shear stress, 298
Turbulent velocity profile, 304
Turbulent zone, 396
Two-dimensional flow, 95
Two-dimensional stress components, 214
Two-dimensional velocity profile, 496
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U

Uncertainty analysis, 673

Uniform depth. 480

Uniform flow, 96, 477-483
channel geometry. 477479
Chezy-Manning equation, 480
equation for uniform flow, 480-482
hydraulic radius, 479
Manning relation, 480
most efficient section, 482-483
normal depth. 480
problems dealing with, 528-529
regular section. 477
uniform depth, 480
wetted perimeter. 478

Universal gas constant, 23

Uniform turbulent flow in open channels,

326-329

Chezy coefficient, 327

Chezy equation, 327

Chezy-Manning equation, 327

Darcy-Weisbach equation, 326

Manning n, 327

problems dealing with, 337-338

Units, 4-8
problems dealing with, 30-31
Units, conversions, mathematical

relationships, 721-725

conversions, 722

fundamental laws for incompressible
flows, 725

integral forms of fundamental laws.
724

substantial. derivative. acceleration.
and vorticity in rectangular,
cylindrical. and spherical
coordinates, 723

U.S. engineering units, SI units, and
conversion factors, 721-722

vector relationships, 722-723

Unsteady flow in pipelines, 570-578
compressible flow in elastic pipe,
572-578
incompressible flow in inelastic pipe,
570-572
Joukowsky equation, 574
problems dealing with, 591
surging, 570
water hammer, 570, 572
Unswept airfoil, 370
U.S. engineering units, ST units, and
conversion factors, 721-722
U-tube manometer, 46

vV

Vacuum, 11
Valve closure, rapid, 575-77
Vanes, 160-161
Vapor flow through a nozzle, 433-455
metastable equilibrium, 453
problems dealing with, 470
supersaturation, 453
Vapor pressure
definition, 21-22
problems dealing with, 34
Variation in pressure, 39-40
Vector relationships. 722-723
Velocimeter, 654
Velocimetry. 666
Velocity coefficient, 633
Velocity defect. 349, 396
Velocity head, 143
Velocity profile, 301-307
Vena contracta, 318
Velocity measurement, 651
Vertical stability, 61
Velocity potential function, 373
Vibration. 363
Vibratory cavitation, 365




Viscometer, 15
Viscosity
definition, 14
as function of temperature properties,
730
problems dealing with, 32-33
Viscous drag, 257
Viscous effects. 84, 106
boundary layer, 384
vorticity changes. 217
Viscous flow, 96
Viscous length, 302
Viscous shear, 297
Viscous wall layer. 297. 396
turbulence initiated, 297
V-notch weir. 495
Volume properties, 732
Volumes, 732-733
Volute, 594, 626
Von Kiarman integral equation, 386
problems dealing with, 419420
Von Karman integral number,
386-388
Vortex cavitation, 365
Vortex flow, 98, 382
Vortex line, 224
Vortex tube, 224
Vortex shedding, 360
problems dealing with, 413
Vortex strength, 378
Vorticity, 91

Vorticity equations, 223-226. 373
problems dealing with, 239
Vorticity, velocity potential, and stream
functions
problems dealing with, 415-416

W

Wake, 349

Wall region, 301

Water hammer, 570, 572

Water properties, 726

Water surface profiles, 511-514
Wave drag, 257

Weber number, 250, 251, 264
Wedge angle, 456

Weight, 7

Weir, 493

Wetted perimeter, 314, 478
Wicket gates, 626

Wind turbines. 166
Wind-tunnel airspeed, 260
Wind-turbine blade analysis, 172
Wingspan, 370

Work-rate term. 140

Z

Zero-drag result, 382
Zone of silence, 430
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