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Accelerated diffusion, 239
Acceleration of gravity, 97,
136
Acoustic noise, 3
Active contaminants. See
Contaminant, active
Adiabatic atmosphere, 97,
136
Advection, 120, 123, 131
Aliasing, 248, 281
Alternating tensor, 76
Amplification
of magnetic energy, 93
of vorticity, 75, 83, 92
Angular momentum, conser-
vation of, 41,83, 103, 256
Anisotropy, 260, 262, 267,
271
Asymptotic independence,
113
Asymptotic invariance, 5,
187
Asymptotic matching, 154,
265
Atlantic Ocean, 195
Atmospheric boundary lay-
er, 11, 100, 166, 247
Atmospheric surface layer,
100, 168
Atmospheric thermals, 136
Atmospheric turbulence, 98
Autocorrelation, 66, 210
of derivatives, 215
Axisymmetric flows, 104
Axisymmetricjets, 130, 144
Axisymmetric plumes, 142
Axisymmetric wakes, 118,
127

Backward dispersion prob-
lem, 236

Bakewetll, H.P., 41

Bandwith, 215, 269

Batchelor, G. K., 7, 84, 96,
195, 230, 253, 263,
285, 287

Bernoulli equation, 77

Blackadar, A. K., 102, 168,

169

Boundary-layer thickness,

13, 16, 188

Bounded flow, 224

Boussinesq approximation,
97,136

Brunt-Viisald frequency, 99

Buffer layer, 161

Bulk velocity, 158, 228,
229,234

Buoyancy, 3, 7, 9, 48, 50,
98, 136

Buoyancy time scale, 99,
102

Buoyant plumes, 133, 135

Buoyant production, 97 100

Cascade
of energy, 256, 261, 275
in temperature spectrum,
281, 284
Central limit theorem,
216, 225,231
Central moments, 199
Change-of-scale effect, 80
Channel flow, 149, 233
Characteristic function,
201, 212,217, 221, 227
Chemical reactions, 1, 247
Circular cylinder, 113, 115
Circulation, 195
Clauser, F. H., 187, 188
Closure problem, 4, 33, 44
Cole, J. D., 155
Coles, D., 163
Collision time scale, 24,
38
Comte-Bellot, G., 73
Concentration distribution,
235, 241
Concentration fluctuations,
241
Constant-stress layer, 54,
81, 85, 151, 156, 169,
185
Contaminant,
active, 97
dispersion of, 235
microscale of, 240
nondiffusing, 236
passive, 33, 50, 52, 95,
194, 235
spectrum of, 279
spot of, 238

Continuity equation, 30,
77,.84,106, 111,142,
150, 171, 179, 183,
190, 237

Control volume, 60, 62, 64

Convective length scale, 15

Convergence of averages,
211, 214

Cooling water, 145

Core region, 152, 234

Coriolis force, 12, 78, 166

Coriolis parameter, 12,
102, 167

Correlated variables, 30

Correlation 30, 207. See
also Eulerian corre-
lation; Lagrangian
correlation

Correlation tensor, 2560

Corrsin, S., 13, 23, 68,
73,96, 97, 192, 229,
232, 233, 255, 269,
278, 283, 284, 286

Cosmic gas clouds, 23, 94

Couette flow, 57, 61

Covariance, 207, 232

Cross-product force, 78

Cross-stream advection,
135

Cross-stream integral
scale, 230, 273

Cumulus cloud, 1, 25

Curl, 76, 82

Decay, time scale of,
21,72,246
Deformation rate, 60, 76
Deformation work, 3, 60,
64, 257
Differential similarity
law, 55, 148
Diffuser, 195
Diffusion,
molecular, 9
turbulent, 8, 11
Diffusion equation, 8, 33,
230
Diffusion limit, 226, 229
Diffusive length scale, 15
Diffusivity of turbulence,
2,8
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Dimensional analysis, 5,
8, 146
Dirac delta function, 236
Discriminator circuit,
198, 213
Dispersion, 226, 232, 242,
245
Dispersion length scale, 43
Dispersion rate, 43, 47
Displacement thickness,
7,191
Dissipation
of energy, 3, 19, 25, 64,
120, 153, 256, 263,
267, 269
of temperature fluctua-
tions, 95, 282
of vorticity, 86
Dissipation range, 263, 276
‘Dissipation rate of energy,
19 686, 88, 101, 263
Dissipation spectrum, 263,
269, 276
Distinguished limit, 183
Divergence theorem, 60
Double integral, 220, 232
Downstream integral scale,
230, 273
Drag coefficient, 17, 112
Drag reduction, 195
Dwell circuit, 203
Dynamic pressure, 77

Eddy conductivity, 99

Eddy diffusivity, 10, 143,
195, 226, 245

Eddy size, 258

Eddy viscosity, 5, 11, 43,
49,99, 115, 128,
130, 143, 193, 229

Edwards, S. F.,5

Ekman layer, 167, 195

Electric current density,
93

Electrolytes, 94

Empirical friction laws,
192

Energy budget, 63, 71, 74,
101, 120, 123, 131,
163

Energy cascade, 256,
261,275

Energy-containing eddies,

262,279

Energy spectrum, 26,
91, 248

Energy transfer, from
large to small scales,
59, 75, 91, 256

Entrainment, 119, 132,
143, 190, 191

Entropy, 21, 98

Equilibrium, absence of,
6, 49,120

Equilibrium layer, 178,
183

Equilibrium range, 91,
262,276, 281

Equilibrium theory, Kol-
mogorov’s, 19, 262

Ergodicity, 212

Eulerian characteristic
function, 227

Eulerian correlation, 46

Eulerian integral scale,
47,230,275, 278

Eulerian time spectrum, 274

Eulerian velocity, 225,
227,231

Evolving flows, transport
in, 241

Exchange coefficient, 11,
43,99, 122

Falkner-Skan family, 178
Far wakes, 109
Filaments of contaminant,
240
Filter function, 215, 219
Final period of decay,
25, 73, 246, 287
Finite integration time, 211
First-order inertial sub-
layer, 176
Flatness factor, 200

Fluid point, particle, 42, 233

Flux Richardson number, 98

Forward dispersion prob-
lem, 236

Fourier transform, 201,
205, 214, 250, 258,
280

Friction coefficient, 58,
192,235

Friction Rossby number,

170
Friction velocity, 53,

100, 150, 170, 185

Friedlander, S. K., 20,
45, 262
Frozen-turbulence approxi-
mation, 253
Fully developed flow,
129, 156

Gaseous nebulae, 1, 23, 94

Gating circuit, 197

Gaussian characteristic
function, 218

Gaussian probability dis-
tribution, 218, 225,
231, 245

Geostrophic wind, 166, 170

Gibson, C. H., 285

Gradient Richardson num-
ber, 99

Gradient transport modef,
45,47, 49, 123,132

Gram-Charlier expansion,
126

Gravity waves, 3, 75, 99

Grid turbuience, 71, 72,
230, 242

Gulf Stream, 1, 15, 195

Heat flux, 34, 97, 100,
194, 243

Heat-flux integral,
142,244

Hinze J. 0., 49, 51, 54,
58, 66, 160, 215, 253,
263, 281

Homogeneous turbulence,
227,248

Hot-wire anemometer, 26,
132, 207

Humphreys, H. W,, 143

Imposed length scale, 8,
54

Imposed time scale, 11

Independent samples, 214

Index of refraction, 22,
225

Inertial-convective sub-
range, 283

Inertial-diffusive sub-
range, 283

Inertial scaling, 264,
268, 284

Inertial sublayer, 147,
153, 162, 176, 265
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Inertial subrange, 5, 147,

2438, 264
initial period of decay,

73, 287
Inner scales, 20
inoue, E., 276
Instability, 2, 7
Integral scale, 20, 45,

159, 210, 260

of derivatives, 216

Eulerian, 47, 230,
275, 278

existence of, 212, 219

Lagrangian, 46, 47,

229, 273,275, 278
Integration time, 215, 218
Interface, 13, 119, 132, 192
Intermediate limit, 154
Intermittency, 102, 117,

122,129, 135, 222
Interstellar gas clouds,

23,94
Invariance, 5, 6, 113, 187
Irrotational flow, 77,

116, 129, 178
Isotropic random fields, 66
Isotropic relations, 253,

263, 272, 281
Isotropic simple waves, 254
Isotropic turbulence, 66,

252,275
Isotropy at small scales,

74, 96, 253, 262,276

Jeans, J., 34

Jet engine exhaust, 144

Joint characteristic
function, 202, 210

Jointly Gaussian vari-
ables, 232

Joint moments, 207

Joint probability density,
207

Kaplun, S., 155
Kérman, Th. von, 44, 155
Kérmén constant, 54,
155, 176, 230
Kinetic theory of gases,
23,24,38
Kistler, A. L., 13, 192
Knudsen number, 23, 38, 45
Kotmogorov, A. N., 19,
262,263

Kotmogorov microscale, 20,
58, 67, 92, 159, 223,
237, 256, 263, 276, 283

Kolmogorov spectrum, 263

Kolmogorov velocity, 20,
263, 276

Kovasznay, L. S. G., 207

Kraichnan, R.H., 5

Kronecker delta, 27, 81

Kurtosis, 200, 221

Laboratory average, 213

Lagerstrom, P. A., 155

Lagrangian characteristic
function, 227

Lagrangian correlation, 46,
225, 229, 232

Lagrangian displacement
integral, 236

Lagrangian integral scale,
46, 229, 241, 273

Lagrangian spectrum, 274

Lagrangian velocity, 224,
231, 236, 241

Lagrangian velocity vari-
ance, 225, 228, 230,
232,234

Laminar boundary layer,
12,14,15, 17

Laminar shear flow, 34

Laminar sublayer, 160

Law of the wake, 1563

{.aw of the wall, 152, 158,
164, 169, 173, 263

Limit cycle, 6

Linearized boundary-layer
equation, 184, 192

Line vortex, 195

Liquid metals, 94

Local isotropy, 65, 262,
281

Local tength scale, 37, 44,
52,69,81,85, 113

Logarithmic friction taw,
156, 165, 186

Logarithmic velocity pro-
file, 54, 100, 147,
155, 165, 186, 194

Logarithmic wind profile,
169

Longitudinal correiation,
251

Longitudinal integral
scale, 230, 273

Longitudinal spectrum,
251, 255

Ludwieg, H 186

Lumley, J. L., 41,97,
219, 230, 241, 253,
254, 259

Mach number, 23, 33, 38,
97, 136

Magnetic diffusivity, 93

Magnetic fields, 7, 24,
42,93

Magnetic mircoscale, 94

Magnetic Reynolds number,
7,94

Magnus effect, 78

Maneuvering vehicle, 127

Mass transfer, 52

Matched layer, 163

Matching, 154, 265

Mean free path, 23, 35,
226

Meecham, W. C., 5

Mercury, 194, 283

Microscale, 211

Microscale Reynolds num-
ber, 68

Millikan, C.B., 155

Mixing layer, 10, 104,
128, 129

Mixing length, 5, 43

Mixing length model, 42,
50, 57, 115, 121, 143,
283, 285

Mixing length theory, 52,
80, 229, 269

Moffatt, H. K., 230

Molecular diffusion, 8, 9,
237,285

Molecular motion, 36, 39

Molecular time scale, 10,
24, 38

Molecular transport, 24,
35, 235

Moments of probability
density, 199

Momentum defect, 15, 111,
124

Momentum flux, 97, 111,
112, 130, 263

Momentum integral, 111,
124, 130, 157, 183,
196

Momentum mismatch, 126
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Momentum thickness, 112,
192, 196
Monin, A. S., 100, 234
Monin-Oboukhov length,
100
Moving point, 42, 45,
225, 228
Multiple scales, 14,
146, 165

Navier-Stokes equations,
3, 14,19, 28, 33, 63,
76,77,81,82

Neutral atmosphere, 99,
136, 138

Newtonian fluids, 4, 27

Nonlinear systems, 6, 33

Non-Newtonian fluids, 5

Normalized boundary-layer
thickness, 183

Normal stress, 33

Normal stress difference,
131

No-slip condition, 14, 54,
146, 167

Nuclear power station, 145

Oblique waves, 249

Oboukhov, A. M., 97, 100,
283

Ocean waves, 3, 97, 222

Ohmic dissipation, 93

One-dimensional spectrum,
248, 280

Orszag, S. A, 5

Outer fayer, 146

Outer scales, 20

Overlap, region of, 153,
265

Panofsky, H. A., 97

Pao, Y. H., 269

Parseval’s relation, 205,

- 214,219

Passive contaminants. See
Contaminant, passive

Péclet number, 10, 224

Permanence of the largest
eddies, 287

Perturbation methods, 155

Pipe flow, 103, 156, 224,
234

Plane flow, 104

Planetary boundary layers,

166
Plumes, 135
Pollutants, 232, 247.

See also Contaminant
Polymer solution, 195, 247
Porous wall, 52
Potential flow, 179
Power spectral density,

214
Prandtl, L., 5, 49, 55, 57
Prandtl number, 10, 33, 38,

96, 97, 103, 280, 282,

283, 284, 286
Pressure-gradient param-

eter, 186
Pressure-velocity inter-

action, 75
Pressure work, 62, 64,

69, 70
Probability density, 198,

201, 226

of integrals, 218

Production

buoyant 97, 100

of temperature fluctua-
tions 95

of turbulent energy,
62, 68, 120, 122,
159, 266

of vorticity fluctua-

tions, 86, 91
Production spectrum, 271
Propagation of interface,

119, 122
Pure shear flow, 34, 40,

50, 60, 74

Quarter-radius probe, 158

Radioactive tracers, 47,
225

Random function, 248

Randomness, 1, 2

Region of overlap, 153,
265

Return to isotropy, 260

Reversal of flow, 132

Reynolds, O., 27

Reynolds analogy, 51, 102

Reynolds decomposition,
28,84

Reynolds equations, 27

Reynolds momentum equa-
tion, 32

Reynolds-number similar-
ity, 6, 187

Reynolds-stress gradients,
78,85

Reynolds-stress tensor, 32

Richardson number, 98, 99

Rigid wall, 52

Root-mean-square value,
30, 200

Rossby number, 170

Rotational, 2, 76, 88

Rotation of vorticity, 83

Rotation tensor, 76

Roughness height, 146,
152, 164

Rouse, H., 143

Running time, 73

Saffman, P. G., 93
Sampiles, independent, 214
Scalar contaminants.

See Contaminant
Schlichting, H., 177
Schmidt number, 280
Schwartz, W. H., 285
Schwartz’s inequality, 210
Scrambling, 262
Second central moment,

199
Second-order flow, 174,

176
Self-preservation, 6, 113,

131,136, 148, 171, 243
Self-preserving flows,

179, 187
Seif-propelled wake, 124
Separation, 2, 171,181,190
Shadowgraph picture, 22
Shape factor, 192
Shear layers 104, 128, 134
Similarity law, 55, 148
Sine wave, 198
Single scales, 47, 57
Singular-perturbation

probiems, 155
Skewness, 200

of derivatives, 221
Slowly evolving flows,

104, 108, 131, 146
Small-scale structure,

19, 65, 96
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Smoke particles, 232, 235
Smokestack, 1, 136, 247
Smooth wall {surface),
152, 158
Solar wind, 1
Solenoidal, 84
Solid-body rotation, 237
Space-time correlations,
229
Spatial-spectral analogy,
147, 263, 282
Spectral energy transfer,
68, 91, 258, 271
Spectral-spatial analogy,
147, 263, 282
Spectral transfer of tem-
perature, 95, 281
Spectrum, 214
of contaminant, 279
of derivatives, 215
of kinetic energy, 5,
248
of temperature, 281, 286
Spectrum tensor, 250
Speed of sound, 37, 226
Spherical shell, 250,
251, 254
Spike in probability
density, 203
Spitzer, L., Jr., 23
Stable atmosphere, 7,
98, 136
Standard deviation, 30,
200
Stationary variables, 198,
248
averages of, 216
integrals of, 218, 220,
232
Stationary velocity, 223,
236
Statistical independence,
207, 209
Stewart, R.W., 1,22
Stokes relation, 4
Strain rate, 27, 60, 260
Strain-rate fluctuations,
29, 59, 63, 221,
239,241 |
Stratford, B. S., 173
Stress tensor, 27, 29, 59
Stretching of vorticity.
See Vortex stretching

Sublayer,
inertial, 147, 153,

162, 176, 264

viscous, 58, 158, 263
Subrange,
inertial, 5, 147,

248, 264
inertial-convective, 283
inertial-diffusive, 283
viscous, 263, 276
viscous-convective,

283, 284
viscous-diffusive,

283, 285

Summation convention, 27,

225

Surface layer, 81, 85, 100,
146, 161, 171, 186

Surface stress, 150, 168,
183

Surface wind, 168

Taylor, G. \., 5, 20, 45,
47, 51, 66, 68, 80,
91, 225
Taylor microscale, 65, 92,
102, 211, 221, 238,
260, 276
Taylor’s hypothesis, 2563
Temperature equation, 33,
95, 98, 138, 242
Temperature microscale,
95, 284
Temperature scale, 95,
134
Temperature spectrum, 279
Tennekes, H., 56, 102,
168, 169, 174,176
Terminal velocity, 287
Thermal convection, 97,
101
Thermal diffusivity, 8,
39, 293
Thermal plumes, 135
Thermai pollution, 145
Thermal wakes, 242
Three-dimensional spectrum
of energy, 248
of temperature, 280
Tiliman, W., 186
Time average, 28, 199
Time scale
convective, 16

Time scale {cont.)
of decay, 21, 72, 246
of large eddies, 49,
68, 70, 183, 241
of mean flow, 49, 120,
183
of microstructure, 67,
70
of spectral transfer,
72,119
Time spectra, 274
Top-hat function, 205,
219
Topper, L., 20, 45, 262
Towsend, A. A, 41, 70,
117,121,135, 189
Tracers, 47, 225, 235, 237
Transition, 7, 18, 565
Transport
in bounded flows, 224
of contaminants, 223
in evolving flows, 241
of temperature, 95,
140, 243
in uniform shear flow,
230
by viscous stresses,
62, 64, 69
of vorticity, 59, 86
Transport model, 42
Transverse correlation,
251
Transverse integral
scale, 47, 230, 273
Transverse length scale,
15
Transverse spectrum, 251,
255
Transverse time scale,
148
Truncated spectra, 272,
273, 278
Turbulent boundary layer,
12,17, 177
Turbulent energy budget.
See Energy budget,
Turbulent energy produc-
tion. See Production
of turbulent energy
Turbulent Péclet number,
245
Turbulent Prandtl number,
51, 143
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Turbulent Reynolds num-
ber, 116, 134

Turbulent spots, 8

Two-dimensional eddies,
41

Two-dimensional flow,
91,104

Uberoi, M. S., 207

Uncoryelated variables,
30, 209

Uniform shear flow, trans-
port in, 230

Universal equilibrium
theory, 19, 262

Unstable atmosphere, 98,
136

Variance, 30, 199
of asum, 217
Velocity defect, 114,
117,125
Velocity-defect law, 147,
153, 162, 173, 192
Velocity scale, 9, 30, 55,
106, 148, 1561
Viscous-convective sub-
range, 283, 284
Viscous deformation work,
62
Viscous-diffusive subrange,
283, 285
Viscous dissipation. See
Dissipation
Viscous length scale,
129, 146
Viscous scaling in spec-
trum, 264
Viscous sublayer, 58,
158, 263
Viscous transport, 70,
86, 263
Vortex force, 78
Vortex generator, 58
Vortex stretching, 2, 40,
48,59, 75, 83,91,
256
Vortex tubes, 102
Vorticity
of large eddies, 41,
48, 69
mean, 78
Vorticity budget, approxi-
mate, 88, 91

Vorticity equation, 76,
81, 256

Vorticity fluctuations, 78

Vorticity-transfer theory,
80, 81, 85

Wake function, 162, 173,
188, 194

Wall layer. See Surface
layer

Wandering point, 224,
231, 246

Wave-number vector, 250

Wind-tunnel contraction,
83,103

Wind-tunnel turbufence, 7,
70, 230, 242

Yagiom, A, M., 234
Yih,C.S,, 143

Zel’dovitch, Ya. B., 136

Zero pressure gradient,
boundary layer in,
190

Zero wall stress, 172
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