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acoustic efficiency, 258

acoustic excitations, 181

active control, 28, 334

active momentum addition, 178
Alaskan pipeline, 217, 360
antisound, 267

base drag, 209
blind men and the elephant, 34, 42
Boltzmann equation, 293
boundary conditions, 282
higher-order slip, 286
higher-order temperature-jump, 286
bubble ramp, 203
bursting process, 51, 323
bursts, 52, 323
period between, 91
buzz instabilities, 268

chaos control, 343, 345
OGY strategy, 345
chaotic advection, 244, 246
chaotic mixing, 244, 246
egg-carton, 248
heat transfer, 247
mass transfer, 247
Chapman-Enskog expansion, 295
closed, feedback control loop, 29, 334
Coanda effect, 178
coherent structures, 39, 260, 322
definition of, 42
Falco eddies, 46, 49, 323
free-shear flows, 43
history of, 39
large eddies, 7, 46
low-speed streaks, 51, 323
memory effects, 99
near-wall eddies, 46, 323
photographs of, 36-51
wall-bounded flows, 44, 46, 90, 323
coiled tubes, 230, 241, 242
chaotic, 247

chemical reaction, 247

mass transfer, 247

more twists, 242
combustion instabilities, 268
commercial submarine, 6, 361
compliant coatings

dispersion curves, 126

dolphin’s secret, 140

free-surface waves, 125

funding for, 147

future of, 146

instabilities of, 127

linear stability theory, 131

model for, 131

noise suppression, 263

optimization of, 133

practical examples, 139

prior to 1985, 122

turbulent flows over, 141
compressibility, 17, 280
compressible flow equations, 15
computational fluid dynamics, 186
continuity equation, 11
continuum approximation, 11, 277
control goals, 25

interrelation between, 26, 196, 259

tradeoffs, 26, 259
control of turbulence, 319
Crabtree criterion, 195
crossflow instabilities, 107
crossflow vortices, 174, 237

da Vinci, Leonardo, 36
Dean number, 242
delta wings, 183
dipole, 255
direct simulation Monte Carlo, 296
DNA computers, 8
dolphin’s secret, 140
drag, 207
induced drag, 210
pressure, 207
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drag (cont.)
reduction of, 209
skin-friction, 207, 211
wave drag, 210

drag reduction, 209
counterrotating vortices, 223
fibers, 217
geometrical modification, 218
LEBU, 218
mechanisms of, 216
polymers, 217
riblets, 218
rough surface, 222
spanwise oscillations, 223
surfactants, 217
synergism, 225
wall jets, 223
wavy walls, 221

dynamical systems theory, 343

Eckert number, 16

energy equation, 13

equations of motion, 11
turbulent flows, 22, 162

eras of flow control, 3

Euler equations, 16

Falco eddies, 46, 49, 323
fibers, 217
field versus laboratory Re, 61
FISI, 128
flaps, 182
flow control
classification schemes, 27
definition of, 2
five eras of, 3
funding for, 4, 6, 357, 360
future of, 4, 6, 357, 360
high Re, 101, 329
suction, 320
trade-offs, 26
turbulent flows, 319
flow visualization
first picture, 37
gallery of, 36-51
flow-induced surface instabilities, 128
fluid-structure instabilities, 127
classes of, 127
forces and moments
on body in relative motion, 206
free-shear flows, 30
inflectional velocity profiles, 104
turbulence enhancement, 239
free-surface waves, 125
funding for research, 4, 6, 147, 357, 360
future of flow control, 4, 6, 357, 360
fuzzy logic, 352, 354

genetic algorithms, 352, 354
Grashof number, 16
Gray’s paradox, 140

heat transfer enhancement, 240, 241
history of the universe, 5

incompressible flow equations, 16
inflectional velocity profiles, 104
injection, 213
inner-outer interaction, 54
instability

absolute, 33

convective, 33
Irag-Turkey pipeline, 217, 360

jet noise, 264
screech tones, 265
shock-associated noise, 265
shock-cell pattern, 265
subsonic flows, 265
supersonic flows, 265

Karhunen-Loéve decomposition, 344
Karman integral equation, 23
Knudsen number, 275
regimes of, 276
Kolmogorov scales, 7, 308, 325-327
Kramer, 121, 122, 129, 130, 140
MHD, 340

laminar flow control, 111
laminar separation, 165, 190, 192
large eddies, 7, 39, 43, 46, 49, 53, 54
LEBU, 218
Lennard-Jones potential, 299
LFC, 111
Liebeck airfoil, 164
lift-to-drag ratio, 164, 189
Lighthill’s tensor, 257
linear stability theory, 108
applied to fluid-structure system, 131
Liouville equation, 292
liquid flows
Lennard-Jones potential, 299
MEMS, 296
molecular dynamics simulations, 299
non-Newtonian, 298
slip flow, 299
local shear layer
unsteady separation, 159
log-law
alternatives to, 78
infallibility of, 59
rise and fall of, 76
Lorentz force, 339
low Re airfoils, 191
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low-speed streaks, 51, 323
Lyapunov exponent, 245

Mach number, 18, 32, 275
regimes of, 32
magnetohydrodynamics control, 338
Magnus effect, 169
mass transfer enhancement, 247
mechanisms of drag reduction, 216
MEMS, 271, 349
boundary conditions, 282
compressibility, 280
continuum model, 273, 277
direct simulation Monte Carlo, 296
flow physics, 272
intermolecular forces, 306
liquid flows, 296
manufacturing of, 271
molecular dynamics simulations, 289
molecular-based models, 289
slip effects, 282-284
statistical mechanics, 290
stiction, 304
surface phenomena, 303
surface-to-volume ratio, 272, 303
temperature-jump, 284
thermal creep, 284
turbulence measurements, 308
MHD, 338
Karman integral equation, 340
momentum equation at wall, 340
reactive control, 341
microactuators, 349
microbearings, 313
microbubbles, 214, 217
microelectromechanical systems, 271, 349
manufacturing of, 271
microfabrication, 349
micropumps, 310
microsensors, 308, 327, 349
microturbines, 312
mixing, 230
as a dynamical system, 234, 244
enhancement, 230, 235
kinematics, 233
mechanisms, 231
molecular transport, 231
range of Reynolds numbers, 230
transition advancement, 235-237
turbulence, 235-237
turbulence enhancement, 238
mixing enhancement, 230, 235
using chaos, 244, 246
molecular computing, 8, 9, 360
molecular dynamics simulations, 289
molecular electronics, 8, 9, 360
molecular-based models, 289

INDEX

moletronics, 8, 9, 360
momentum equation, 12
written at the wall, 20, 161, 340
momentum equation at wall
MHD, 340
momentum-defect law, 68
monopole, 255
Moore-Rott—Sears criterion, 151, 154, 155, 157,
158, 161, 170
moving walls, 168, 221
moving-wall separation, 154, 168

natural laminar flow, 111, 198
utility of, 202
neural networks, 352, 355
NLE 111, 198
noise, 251
coherent structures, 260
flexible surface, 258
jets, 264
presence of rigid wall, 258
subsonic flow, 258
supersonic flow, 258
suppression, 259
turbomachinery blades, 266
noise pollution, 251
noise suppression, 259
active, 267
antisound, 267
compliant coatings, 263
jets, 264
method classification, 259
passive devices, 261
reactive, 267
sonars, 260
trade-offs, 259
turbomachinery blades, 266
Nusselt number, 232

open control loop, 29, 334
open, feedforward control loop, 29, 334

particles, 217

passive contaminant, 233

passive control, 28, 334

passive scalar, 233

passive suction, 166

passively transported tracer, 233

Péclet number, 16, 232

polymers, 214, 217

Prandtl
father of flow control, 2, 3
separation criterion, 163

Prandtl number, 18, 232, 233, 281, 285

Prandtl, Ludwig, 2, 3, 39, 59, 67, 113, 153, 154,

165, 166, 169
predetermined control, 28, 334
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pressure drag, 207
displacement effects, 207
due to separation, 207
induced drag, 207
wave drag, 207
proper orthogonal decomposition, 344
turbulence, 236

quadrupole, 256

reactive control, 28, 329, 334
adaptive, 30, 334, 355

dynamical systems-based, 30, 334, 335

EMHD, 341
MHD, 338
neural networks, 355
optimal, 30, 334, 335
physical-model-based, 30, 334
required sensors and actuators, 336
relaminarization, 223
acceleration, 224
dissipation, 224
favorable p-gradient, 225
heating or cooling, 225
suction, 225
work done against external force, 224
Reynolds number, 16, 31, 62, 232,275
flying, range of, 189
low range of, 190
range for mixing problems, 230
regimes of, 31
turbulence, 235
Reynolds number effects, 80, 81, 102
coherent structures, 93
flow control, 98
Reynolds stress, 85
peak location, 87
Reynolds, Osborne, 38
Reynolds-averaged equations, 22
riblets, 218

scales of turbulence, 324
screech tones, 265
selective suction, 331
sensors
requirements for turbulent flows, 327
separation
control of, 151, 197
criterion for, 163
Moore-Rott-Sears criterion, 170
moving-wall, 154
phenomenon of, 150
provocation, 183
steady, 153
three-dimensional, 154, 172
turbulent boundary layer, 158

unsteady, 154, 170
vortex-induced, 158
separation bubble, 165, 190-192
breakdown of, 194
bursting of, 194
conditions for formation, 192
Crabtree criterion, 195
short, 193
Tani-Owen-Klanfer criterion, 195
separation control, 151, 197
acoustic excitations, 181
active, 178
blowing, 178
flaps, 182
future of, 188
injection, 178
moving-walls, 168
passive suction, 166
periodic forcing, 182
shaping, 163, 197, 198
suction, 165
transpiration, 165
tripping, 178
turbulators, 173
velocity profile modifiers, 163
vortex generators, 176
wall heating/cooling, 168
wall jets, 179
separation criterion, 163
separation in turbulent flow, 158
separation provocation, 183
shaping, 114, 163
Sherwood number, 232
shock-associated noise, 265
shock-cell pattern, 265
skin-friction
injection, 213
injection of foreign substance, 214
reduction of, 211, 212
reduction of near-wall momentum,
212
turbulent flows, 212
skin-friction reduction
mechanisms of, 216
skycar, 6, 361
slip-flow, 282-284
softcomputing, 352
sonars, 260
signal-to-noise ratio, 260
sound
dipole, 255
equation of propagation, 254
levels of, 251
Lighthill’s tensor, 257
monopole, 255
pseudosound, 255
quadrupole, 256

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521036712
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-03671-9 - Flow Control: Passive, Active, and Reactive Flow Management

Mohamed Gad-el-Hak
Index
More information

sources of, 251, 254

speed of, 253
spaceplane, 6, 361
stability modifiers, 110

shaping, 114

suction, 112

wall heating or cooling, 116

wall motion, 111
steady separation, 153
stiction, 304
Stone Age, 3, 360
Stradford closure, 164
Stratford closure, 213
streamlined spears, 3, 360
suction, 112, 165, 320
surfactants, 214, 217
swept-back wings, 360
synergism, 225

Taming of the Shrew, 318, 319, 357
Tani-Owen-Klanfer criterion, 195
targeted control, 329, 330
Taylor—-Gértler vortices, 107, 174, 237
thermal creep, 284
three-dimensional separation, 154,
172
Tollmien-Schlichting instabilities, 128
tracer, 233
trade-offs, 26, 252, 259, 260
transition, 105
advancement, 235-237
critical Reynolds number, 109
delay, 104, 110
linear stability theory, 108
routes to, 105
stability modifiers, 110
wave cancellation, 118
transition advancement
free-shear flows, 237
wall-bounded flows, 236
transition delay, 104, 110
transpiration, 165
TSI, 128
turbomachinery blades, 266
turbulators, 173, 202
turbulence
as a dynamical system, 40, 343
computer requirement, 7, 21
degrees of freedom, 345
equations of motion, 22
scales of, 324
statistical view of, 39
taming of the shrew, 318, 357
the last conundrum, 40

INDEX

turbulence enhancement, 238, 239
wall-bounded flows, 239
turbulence mixing noise, 265
turbulent boundary layer
asymptotic state, 80
coherent structures, 90
comparison to free-shear flows, 69
constant-stress region, 66
flow regimes, 63
higher-order statistics, 82
log-law, 74
mean flow, 73
outer region, 68
power-law, 78
Reynolds stress, 85
root-mean-square, 83
self-preservation, 81
separation of, 158
viscous region, 64
turbulent flow separation, 158
typical eddies, 49, 323

universal equilibrium theory, 325
universal wake function, 69
unsteady separation, 154, 170
archetypes of, 156
local shear layer, 159

velocity profile modifiers, 163
velocity-defect law, 68
viscous scales, 49, 63, 309, 325
visualization
first picture, 37
gallery of, 36-51
vortex generators, 176, 230
vortex-induced separation, 158
vorticity flux
spanwise, 30, 211
streamwise, 30
Voyager aircraft, 201, 210, 268

wall heating or cooling, 116, 168

wall jets, 179

wall motion, 111, 168

wall-bounded flows, 31, 105
coherent structures, 90
comparison to free-shear flows, 69
constant-stress region, 66
flow regimes, 63
turbulence enhancement, 239
viscous region, 64

wave cancellation, 118

wavlets, 41

wavy walls, 221
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