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accelerated flow, 211, see also boundary layer,

accelerated; sink flow

acceleration parameter, dimensionless, 178, 209, 211

algebraic flux model (AFM), 248, 249, 251, 360

reduced, 246, 247–8

algebraic second-moment (ASM) closure, 240, 360

buoyancy effects, 245–52

explicit (EASM), 252–4

algebraic stress/flux models, see algebraic

second-moment (ASM) closure

algebraic stress model (ASM), 240

algebraic truncations of second-moment closures,

239–61

angular momentum, 257

anisotropy

of scalar field, 57–8

of stress dissipation, 53

of turbulence, 70

of turbulent stress, 50–1

anisotropy invariants, 51–7, see also invariants

of stress

transport equation, 258

of stress dissipation, 53

anisotropy tensor

of dissipation, 53

of stress, 50–1, 85–6, 239

asymmetric flows, 236

averaging

conditional, 17

density-weighted, 21

ensemble, 17, 19

phase, 16, 17

Reynolds, 35, 263

time, 16

axially rotating pipe, 215

axisymmetric contraction, 54, 159

axisymmetric expansion, 54

axisymmetric jet, see jet, round

axisymmetric turbulence, 53

backward-facing step flow, 206, 324, 338, 413

curved, 310

dividing streamlines, 154

failure of wall functions, 301

Stanton number, 325, 326

Basic Model, 66–84

applications, 77–84

coefficients, 68–9

dissipative correlations, 73–4

wall corrections, 69–72

Bödewadt layer, 219, 310

body force effects, 211

boundary conditions

wall, 77, 194, 225–7, 284, 324, 454

blended, 319, 321, 322, 323, 324

for dissipation rate, 174

elliptic-relaxation v
2−f model, 283–4, 286

elliptic-relaxation second-moment model, 225–6

no-slip, 9–11

boundary layer

accelerated, 178–9

in adverse pressure gradient, 209, 210, 323, 324

blown, 180

constant pressure, 167, 238–9

in favourable pressure gradient, 209, 315, 323, 324,

see also sink flow

heat transfer, 165

laminarescent, 179

laminarization criterion, 179

oscillatory, 78

shape factor, 144, 238–9

in zero pressure gradient, see constant pressure

braking effect, 216–17

buoyancy, 17

effects, 28, 31, 316

inclusion in wall functions, 316

neutral, 120

thermal, 24, 147, 333, 360

buoyancy force, 316

fluctuating, 116
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buoyancy parameter, 251, 278, 279, 308, 309

buoyancy velocity, 316

buoyant flows

in the environment, 362

thermal plane wake, 242

buoyantly modified flow, see mixed convection

Cayley–Hamilton theorem, 52, 84–5, 86, 98, 110, 198

channel flow

curved, 256

plane, 167, 424, 450

budget of turbulent kinetic energy, 35–6, 173

DNS, 55, 95, 172

effect of wall-echo on stress components, 96

invariants, distribution of, 56

near-wall stress components, 56, 171–2

normalized eddy viscosity, 176

stress dissipation components, 177, 198

subjected to magnetic field, 128, 216

triple velocity moments, 139

variation of coefficients in the SSG and HL

models, 95

variation of ε and ε̃, 175

variation of the fw in the wall-echo model, 72

rotating, 194, 219, 253

side-heated, vertical, 247

clipping approximation, 132

closure

one-point, 21

second-moment, 60, 338, 343, 349, 354, 450, 460

for double diffusion, 124

elliptic blending, 226

elliptic relaxation, 115, 224

for low Reynolds number, 186

for MHD flows, 131

near-wall modifications, 208

spectral, 21

third-moment, 132, 153, 248

turbulence, 60

closure problem, 59

continuity equation, 21, 170, 274, 328

coordinate frame indifference, 61

Coriolis effects, 114

Coriolis force, 9, 24, 29, 112, 147, 194, 276

Coriolis term, 111, 113

correlation

temperature–pressure-gradient, 88

two-point, 39, 71, 89, 121, 223, 416

velocity–pressure-gradient, 64, 188

Couette flow, rotating, 215

decay of turbulence, 35, see also grid turbulence

density fluctuations, 18, 20, 21, 24, 116, 124, 135

detached eddy simulation (DES), 398, 418, 436–7

calibration of DES, 437–9

improved DES: DDES, IDDES, 443–9

sensitivity of DES to the RANS model, 439–43

diffuser, 78, 79

annular, 78

dimensional analysis, 40, 141, 263

dimensional consistency, 76

direct numerical simulation (DNS), 1, 2, 3, 374, 375,

377, 381, 387, 409, 431

disc cavity, 310, 311, 359

co-rotating, 356, 357

counter-rotating, 359

dissipation flatness parameter, 56

dissipation rate, 42, 43, 44, 76, 140, 329, 433, 434

diffusion

by fluctuating pressure, 208

effects of force fields, 111

effects of mean velocity gradients, 141

equation, 263

exact transport equation, 43

homogeneous, 200

behind a backward-facing step, 206

equation, 208

mean, 307

modelled transport equation, 76

in Basic Model, 76

diffusion, 150

force-field effects, 146

generation term, general, 142

sink processes (term), 148

prescribed, 289

quasi-homogeneous (‘isotropic’), 174, 286

true, 43

wall boundary condition, 174

in wall functions, 298

dissipation rate of scalar variance, see also scalar

dissipation

exact transport equation, 48

dissipation sublayer, 306

double-diffusive systems, 123, 251

duct flow, 105, 243

rectangular-sectioned, 55, 105

rough wall, 105

secondary flow, 103

eddy viscosity, see turbulent viscosity

eddy viscosity models, 263, see also turbulence

models

accounting for curvature and body forces, 263,

275–82

accounting for Lorentz force, 279

coefficients, 265

damping functions, 266

elliptic relaxation, 182

linear, 5, 78, 79, 81, 105, 113–14, 175, 222, 243,

261–92, 337, 344, 354, 435

non-linear, 85, 254–61, 439

cubic, 254

Ekman layer, 219, 356, 357, 358

electromagnetic control, 127

electromagnetic force, 11, 126–31, 332
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elliptic blending model, 226–32, 439

elliptic relaxation equation

in elliptic blending model, 226–7

in second-moment model, 224–5

modified, 227

elliptic relaxation EVM, 282–7, 338, 345, 435

elliptic relaxation function

in second-moment model, 224–6

at a wall, 225–6

energy dissipation rate, see dissipation rate

energy spectrum, 374, 389, 449, 452

one-dimensional, 40–1

enstrophy, 44

enthalpy, 2, 14, 305

fin-plate junction, 222, 223

flow in annuli, 236

forced convection, 278, 281, 291, 308

free-surface flows, 69–70

free-surface jet, 82

plane, 81–2

stably stratified, 120

three-dimensional, 104

free vortex, 80–1

friction velocity, 296, 416

in a magnetic field, 217

in a plane rotating channel, 112–13

Froude number, 120

gas turbine, 78, 111, 211, 424, 440, 441

generalized gradient-diffusion hypothesis (GGDH),

74, 150, 204, 245, 260

geophysical flows, 11

gravitational force, 110, 303

Green’s theorem, 90, 118

grid turbulence

decay law

coefficient cε2, 2, 77, 206–7

final period, 207

inertial period, 36

transition from initial to final period, 181

heated grid

decay of temperature variance, 48

Hartmann laminar channel flow, 217

Hartmann line, 217

Hartmann number, 128, 217

heat flux from wall functions, 296, 297

heat flux, turbulent, 31, 92, 116, 247, 248, 361

in Rayleigh–Bénard convection, 80–1, 248–9, 361

in a side-heated vertical channel, 249

heat transfer coefficient, 180, 269, 270, 297, 443, 451

behind a backward-facing step, 291

in a heated pipe, 308

at reattachment, 297

in the stagnation region, 296

high Reynolds number hypothesis, 61, 73, 341, 343,

376, 378, 396, 412

homogeneous shear flow, 91, 93, 101–2, 108, 109, 181

hybrid RANS-LES (HRL), 12, 334, 361, 371, 459–63

classification of Hybrid RANS-LES, 396–402

grey area, mitigation, 398, 401–3, 447–9

interfacing LES and RANS, 391–2

precursor method, 392–3

synthetic eddies, 393–6

seamless HRL, 398–400, 426–59

blended RANS-LES, 431–2

grid-independent sensitizing of URANS, 434–5

links and similarities between different seamless

HRL, 458–9

unified RANS-LES, 432–4 (see also sensitised

URANS)

very large eddy simulation, 428

two-layer RANS-LES, 414–26 (see also

wall-zonal)

dynamic interfacing, 419–26

fixed interfacing, 416–19

numerical wall models, 411–13

response of RANS to LES across the interface,

414–16

wall-function LES, 407

zonal HRL

bulk zonal HRL, 402–6

embedded LES, 402–6

impermeability, see wall-blocking (or wall-echo)

effects

impinging flow, 8, 9, 83, 194, 203, 274, 275

impinging jet, see jet, impinging

incompressible flow, 20, 24–5, 45, 142, 170, 187, 209,

382

inertial subrange, 39, 40, 378, 386

integrity bases, 84, 85

invariants, 437

map, 55–6, 57, 110

of scalar flux, 57–8

of stress dissipation, 53, 192, 196–7

of turbulent stress, 51–7

in a plane channel, 56

inviscid damping, see wall-blocking (or wall-echo)

effects

isotropic turbulence, 42, 50, 53–4, 55, 67, 73, 114

Lumley’s flatness parameter, 52

subjected to a body force, 64

subjected to a rate of strain, 64

two-point correlation, 89

Isotropization of Production (IP) model, 114

Jayatilleke function, 295

jet

impinging, 83, 221, 257, 286, 303, 304, 324

multiple, 230

Nusselt number, 286
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plane, 81, 135, 142, 149, 161

spreading rate, 102–3, 142, 143

spreading rate by EVMs, 274

plane/round jet anomaly, 144, 155, 161

pulsed, 161

spreading rate, 161

radial, 144, 155

spreading rate, 273

round, 37, 38, 143, 149, 161, 244–5, 273, 329–30,

331

budget of turbulent kinetic energy, 36

in a moving stream, 143, 155

spreading rate, 102–3, 142, 143, 144, 244, 271,

274

spreading rate by EVMs, 274

swirling, 114

wall, see wall jet

kinetic energy, 344, 345, 346, 421, 452

instantaneous, 34

mean, 34, 35

equation, 34

turbulent, see turbulent kinetic energy

Kolmogorov scales, 46, 50, 187, 228, 347, 378, 379,

432

length scale, 45, 228, 374, 375, 378, 379

time scale, 207, 228, 378

velocity scale, 45, 378

laminarization, 179, 186, 207, 209, 211, 213, 215,

229, 264, 268, 407

due to intense heating, 179

due to magnetic field, 217

large-eddy simulation (LES), 2, 3, 15, 371, 381–96

Courant, Friedrichs and Lewy (CFL) number, 388

resolution requirements for LES, 387–91

sub-grid-scale modelling for LES, 382–7

dynamic sub-grid-scale modelling, 385–6

implicit filtering, 385

more complex approaches, 386–7

Smagorinsky model, 383–5

wall-modelled LES, 406

length scale, 384, 436, 447

integral, 39, 162, 374, 379

Kolmogorov, see Kolmogorov scales

near-wall variation, 299

Obukhov, 119

prescribed, 289–92

transport equation, 152

length-scale limiter, 270

limiting states of turbulence, 53

one-component, 53

two-component, 53, 54

local equilibrium, 35, 47, 69, 101, 108, 151, 239, 248,

261, 289, 296, 297–8, 315, 407, 414

local isotropy, 42, 53, 133, 181, 197, 202

logarithmic temperature distribution, 295

generalized, 315–16

logarithmic velocity distribution, 226, 294, 295,

313–15

effect of rotation, 215

generalized, 314

Lorentz force, 9, 29, 54, 126–7, 128, 129, 131, 148,

217

fluctuating, 24, 127, 129–30, 217, 279

instantaneous, 126

low-Re second-moment closures, see wall-integration

(WIN) schemes

Lumley’s flatness parameter

behind a backward-facing step, 192

in boundary layers for different dP/dx , 192

for dissipation, 56–7

in a plane channel, 57

for stress, 52

magnetic effects

contribution to stress generation, 127–30

on pressure-strain correlation, 130–1

in wall-echo model, 130

magnetic flux, 127, 128, 129, 130, 131

mass conservation, 10, 396

mean scalar transport equation, 21, 87

mean-square scalar variance, 33, 46–7

Millionshtchikov hypothesis, 134

mixed convection, 180

downflow in a pipe, 180

upward flow in a pipe, 308

in vertical tubes, 277

mixed layer, 124, 125, 148, 249–51, 365

in double-diffusive systems, 251

penetrative convective, 247, see also penetrative

convection

mixing layer, 47, 77, 135–7, 242, 243

curved, 242, 243, 282

salinity-stratified, 123

spreading rate by EVMs, 274

stably stratified, 136–8

mixing length, 290, 304

van Driest damping, 290

Moore’s law, 372

multi-scale approaches, see turbulence models,

multi-scale

natural convection, 17, 87

on a heated wall, 246

in a magnetic field, 218

in narrow vertical cavities, 277

in a side-heated vertical channel, 189, 248

Navier–Stokes equations, 1, 13–14, 62, 334, 381, 382,

383, 393–4

Nusselt number, 360, 362, 425, 427, 442, 443, 444,

450

in abrupt pipe enlargement, 269

in mixed convection, 308
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in multiple impinging jets, 231, 232

in Rayleigh–Bénard convection, 360

in a round impinging jets, 256, 297, 330

in a square duct with square ribs, 270

in vertical heated pipes, 278, 308

one-point closure, see closure

orthogonal mode rotation, 194

partially-averaged Navier Stokes (PANS), 451–8

partially integrated transport model (PITM), 449–51,

452, 459

passive scalar, 47, 125, 232, 316, 333, 368

penetrative convection, 250

periodic flow, 17, 163, 186, 336, 338, 340, 344, 429,

457

pipe flow, 167, 178, 299, 428

at low bulk Reynolds number, 178

in a magnetic field, 218

stress distribution, 172

swirling, 79

plane jet, see jet, plane

plane-strain distortion, 55, 101, 163

Poisson equation for pressure fluctuations, 62, 65, 90,

168, 189, 223

pressure diffusion, 47

model, 75, 152, 153

of Reynolds stress, 64, 87, 188, 190

of turbulent kinetic energy, 34

pressure fluctuations, 24, 25, 29, 45, 62, 64, 65, 68,

70, 114, 167, 187, 189, 222, 249, 396

gradient, 24, 188

pressure gradient, 34, 36, 169, 192, 294, 302, 307,

310, 328, 389, 393, 400, 411

adverse, 144, 151, 154, 161, 180, 192, 209–11, 268,

274, 409, 413, 444

favourable, 209, 315, 323

fluctuating, 29, see also pressure fluctuations

radial, 276

sinusoidal, 78

streamwise, 290

in wall functions, 303, 314

pressure interactions, 34, 122, 131

in third-moment equation, 133

pressure-scalar-gradient process, 74

pressure-strain correlation, 27, 64, 114–15, 130–1,

193

pressure-strain model, 68–9, 225

in elliptic blending model, 227

rapid, 69, 108, 224, 284

isotropization-of-production (IP), 67–8

linear, 184, 186, 252

non-linear TCL, 97–110

quasi-isotropic (QI), 89–92, 97, 253

quasi-linear, 92–6, 285

slow

non-linear, 85–8

quadratic, 183

Rotta’s linear model, 66

from tensor expansion, 84–111

pressure-strain process, 64, 67, 71, 74, 84, 130

rapid, 64, 66, 67, 71, 89, 94, 190

isotropization-of-production (IP), 65

slow, 64, 67, 93, 101

wall-blocking (wall-echo), 65

pressure-strain tensor, 64, 67, 71, 84

principal axes

of Reynolds stress, see Reynolds stress tensor,

principal axes

of strain-rate tensor, 274

principle of receding influence, 60, 133

production of turbulence energy, 36, 40, 101, 144,

344, 354–5, 429

maximum in wall-adjacent flows, 173

radial jet, see jet, radial

RANS approach, 4, 15, 16, 35, 122, 336, 341, 381,

387, 407, 408, 414, 419, 435

RANS models, 2, 4, 124–6, 211, 332–70, 391–6,

414–26, 431–4, 439–43

rapid compression machine, spin-down operation, 215

rapid distortion theory, 35

rate of rotation, see rotation rate

rate of strain, see strain rate

Rayleigh–Bénard convection, 18, 146, 195, 247, 248,

252, 358, 359, 360, 361

the ‘wind’, 17

Rayleigh number, 87, 362

realizability, 50, 57, 60, 61, 109, 110, 132, 186,

274–5, 283, 451

realizable turbulence, 56

reattachment, 194–5, 201, 211, 301, 313, 346

length, 271, 354

point, 195, 269, 413

Reynolds decomposition, 16–19, 24, 126, 334, 394

rules, 18–19

Reynolds equations, 15–22

Reynolds number, 1, 38, 152, 338, 341, 343, 348, 353,

375, 378–80, 387, 393, 406, 413, 421, 424,

446

based on friction velocity, 131, 171, 419

based on momentum thickness, 149

based on Stokes thickness, 213

bulk, 61, 131, 167, 178, 194, 196, 237, 356

magnetic, 127

microscale, 1

turbulent, 35, 40, 42, 46, 167, 175, 181, 186

based on Kolmogorov scales, 1, 46

based on Taylor microscale, 42

based on wall distance, 267

Reynolds stress

budget

at a wall, 188

wall-limiting behaviour, 191

diffusion, 25
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by fluctuating pressure, 25, 195

by fluctuating velocity, 25

viscous, 25

dissipation

Basic Model, 73–4, 76–7

components behind a backward-facing step,

200–1

components in a plane channel, 177

effects of low Reynolds number, 196

homogeneous, 200

wall values, 198

generation

by body force, 23

due to buoyancy, 116–17

due to system rotation, 112–14

by electromagnetic force, 127–30

by mean strain, 23

the role of, 26–8

generation (or production) tensor, 6, 91

complementary part of, 85, 91

mass-weighted, 20

principal stresses, 51

spectral splitting, 162

transport equation, 22–8

wall asymptotes, 171

Reynolds stress tensor, 20, 26, 31, 33, 50, 53, 55, 121,

240, 255, 340, 393–6, 404

anisotropy, see anisotropy

deviatoric part, 31, 50, 51, 85, 176

ellipsoid, 51

principal axes, 50, 51

Richardson number, 118–20, 242, 282

flux, 118, 119, 279

gradient, 118, 119

Rossby number, inverse, 113

rotating coordinate frame, 23

rotating flows, 114, 147, 213–16, 253, 358

rotation number (parameter), 113, 194, 229

rotation rate, 24, 85, 112, 115, 142, 145, 214, 215,

229, 253, 271, 386

dimensionless, 254–5

rotor-stator cavity, 219, 220, 357, 358

round jet, see jet, round

salinity stratification, 124

scalar conservation equation, 14

scalar dissipation, 47–50, 164, 175

exact transport equation, 48

scalar flux, 28, 333, 337

budget, 30

diffusion

by pressure fluctuations, 29

exact transport equation, 28–31

wall budget, 189

generation, 30–1

scalar variance, 33, 46–8

budget in the wake of a sphere, 49

scale-adaptive simulation (SAS), 156, 434, 435

scale-resolving methods, 334, 372, 374–7, 388, 402,

404, 408, 431, 432, 456

cost of resolution, 378–81

Schwarz inequality, 107, 132

secondary flows, 103, 105, 426, 460

second-moment closure, 23, 338, 343, 349, 354, 450,

460

second moments, 22, 59, 339–42

buoyant coupling, 117

deterministic (‘apparent’), 338

separated flow, 36, 151, 152, 259, 270, 271, 277, 291,

310, 338, 354–6, 371–2, 375, 429, 439

separation, 155, 194, 211–12, 221, 313, 332, 338,

347–8, 413, 421–2, 443–7

bubble, 209, 301, 303

point, 222, 262, 348, 355, 375

shear flow

free, 36, 236, 244, 264

buoyancy effects, 166

homogeneous, 255

heat flux, 108–10

stress anisotropy, 70

simple, 6, 40, 69, 92

decay of turbulent shear stress, 40

maximum turbulence energy production, 10, 173

thin, 7, 203, 234, 262

buoyant coupling, 117

energy flow, stress interactions, 27

in a magnetic field, 131

mildly heated, 31

sensitivity to streamline curvature, 28, 242

stably stratified, 118, 279

sink flow, 209

boundary layer, 268

skin friction coefficient, 271, 308, 405, 413

in magnetic field, 217

source terms, 131, 143, 263, 279, 280, 329, 434

in exact dissipation equation, 45

in exact scalar-dissipation equation, 50

in low-Re dissipation equation, 202, 203

in mean-scalar equation, 315

in modelled dissipation equation, 142, 147

in scalar flux equation

gravitational, 116

special purpose, 281

specific heat, 14

spectral equilibrium, 158, 163

spectral transfer of energy, 40, 143, 204

spreading rate, 70, 102–3, 143, 149, 273, 274

stagnation flow, 8, 83, 313, 451

Stanton number, 273

in an accelerated heated boundary layer, 179

behind a backward-facing step, 287, 325, 326

on a wall ahead of a wing, 272

Stokes thickness, 213, 214

strain, cyclic compressive/dilatational, 9

strain rate, 35, 85, 101, 155, 223, 273, 275, 296, 343,

344, 417, 421
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dimensionless, 254, 255, 260

fluctuating, 43

high, 256

plane, 101

sensitivity to, 145

streamline curvature, 7, 28, 83, 239, 242, 263, 275,

276, 281, 282, 326

stress ellipsoid, see Reynolds stress tensor, ellipsoid

stress tensor, see Reynolds stress tensor

structure parameter, 299

Stuart number, 128, 279

sub-grid-scale model, 382–7

sublayer thickness, 178, see also viscous sublayer,

thickness

swirling flow, 69, 79–81, 213–16, 256, 309, 348–53

system rotation, see rotating flows

Taylor–Görtler vortices, 332

Taylor microscale, 42, 157, 202

thermal diffusivity, 14

thermal stratification, 125, 363

third-moment equations, 132, 137, 140

time scale, 9, 17, 31, 43, 46, 66, 85, 140, 141, 162,

164, 195, 332, 334, 338, 384, 394

dynamic, 50, 87, 248

magnetic, 280

mixed thermal-dynamic, 164

near-wall variation, 299

scalar, 50, 87, 164

in split-spectrum approach, 159

thermal, 46

transport equation, 152

upper bound, 275

time scale ratio, 47, 58, 87, 164, 165

time scale separation, 332

T-RANS, see unsteady RANS (URANS)

transition, 209, 211, 384, 402, 421, 443–7

bypass, 186, 211, 267

laminar-to-turbulent, 186, 228, 267, 289, 301, 338,

347–8, 362

natural, 211

in an oscillating boundary layer, 213

reverse, 186

separation-induced, 186, 211, 346, 347–8

transonic flow, 194–5, 222

triple decomposition, 336–7, 360

triple moments, 60, 62, 74, 75, 111, 123, 131, 132,

133, 135, 137, 138, 195

turbulence inhomogeneity, 199

turbulence models, 2, 333, 335, 348, 354, 358, 371,

429, 430, 439

k−uv−ε, 235

k−ε, 264, 265, 267–74

k−ω, 154, 264, 265, 272

k−ω2, 267

SST variant, 271–4

ζ−f , 284

coefficients, 285

multi-scale, 157–63, 449

one-equation, 263, 289

second-moment, 60

accounting for near-wall effects, 189–201

Basic Model, 68

elliptic blending, 226–32

elliptic relaxation, 224–5

TCL, 96

two-equation, 22, 264

v
2−f , 283

turbulence Reynolds number, see Reynolds number,

turbulent

turbulence scales, 268, 283, 459, see also length scale;

time scale

limiters

Durbin’s realizability constraints, 274

lower bounds

in elliptic relaxation EVMs, 283

in elliptic relaxation models, 228

scale-determining equation, 5

general, 152–6

ω-equation, 155

ω2-equation, 264

turbulent kinetic energy, 25, 140, 344, 352, 355, 374,

376, 378, 381, 416, 433, 450

local equilibrium, 299

production, 9, 274

transport equation, 34, 263, 289

for particular flows, 35

for split-spectrum method, 159

turbulent stress, see Reynolds stress

turbulent viscosity, 8, 345, 417, 425, 429, 435–7

effective ‘wall’ viscosity (in SAWF), 313

effective ‘wall’ viscosity (in SWF), 297

in k−ε model, 263

in k−ω model, 264

near-wall damping, 264

with prescribed length scale, 289

relation to turbulent Reynolds number, 175

sub-grid-scale, 4

in v
2−f model, 283

in various models, 157

two-component limit (TCL), 86, 97–110, 138, 168,

186, 190, 193, 197, 225, 258

two-component state, 54, 55, 181

two-point correlations, see correlation, two-point

U-bend flows, 259, 441, 442–3

unsteady RANS (URANS), 219, 316, 332–4, 428–31,

434–5

buoyancy-driven flows, 332, 358–62

co- and counter-rotating disc cavity, 356, 357, 359

environmental flows, 362–70

mathematical formalism, 334–7

Rayleigh–Bénard convection, 360

role of the model in URANS, 337–48

rotating flows, 356–8
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separated flows, 354–6

separation-induced laminar-to-turbulent transition,

347–8

swirling flows, vortex precessing, 348–54

triple decomposition, 336–7

unsteady RANS and scale resolution, 428–31

urban air pollution, 364

Valensi number, 213

velocity gradient, 384, 386

effective, 193

local inhomogeneity, 193

viscosity

dynamic, 13

kinematic, 6

viscous dissipation, 1, 34, 35, 45, 61, 76, 140, 173,

174, 305

viscous length, 294

viscous region, 167, 187, 208, 237

accounting for in wall functions, 302, 306, 313

buffer layer, 204

in a magnetic field, 216–17

in sink flows, 211

viscous sublayer, 55, 167, 174, 175, 181, 210, 225,

228, 282, 293, 294, 298, 302, 313, 319, 387,

441

dissipation rate, 306, 325

thickness, 177, 178, 180, 306,307

vortex shedding, 17, 281, 332, 338, 341, 343, 354,

355, 424

vorticity, 103, 109, 142, 144, 148, 155, 210, 357, 363,

367, 379, 430, 448

fluctuating, 44

intrinsic, 229

mean, 44, 91, 142, 260

transport theory, 205

wake

plane

spreading rate, 103, 149

thermal, 242

wall-blocking (or wall-echo) effects, 131, 167, 168,

180–5, 188, 263, 282, 460

wall correction, 72, 77, 96, 99

wall functions, 169, 293, 403, 407–13

analytical (AWF), 302–12, 356, 359

for buoyant flows, 305, 307, 308, 316–319

for high-Prandtl-number fluids, 310

generalized SWF, see simplified analytical (SAWF)

numerical (NWF), 327–31

simplified analytical (SAWF), 301, 312–19, 365

standard (SWF), 298

assumptions, 299

in swirling flows, 213–16

wall-integration (WIN) schemes, 168, 185–209

wall jet, 103–4, 308

negatively buoyant, 122, 123

opposed, 308

plane two-dimensional, 236

radial, 221, 230, 330

spreading rate, 221

three-dimensional, 103–4

spreading rate, 103–4

wall layer, 208, 282, 299, 314, 400, 415, 416

attached near-equilibrium, 283

wall-limiting behaviour

of dissipation tensor, 176

of turbulent stress, 171

wall treatment, blended (BWT), 301, 319–27, 454

dissipation, 324

kinetic energy production, 324

velocity, 324

wall shear stress, 323

wave number, 39–40, 158, 161, 204, 374, 375, 377,

381, 391, 428, 449

modulus, 4

weak non-equilibrium hypothesis

for scalar flux, 241

for stress, 239

wingtip vortex, 257

Womersley number, 213

Yap correction, 151, 269, 356

for second-moment closure, 151, 218
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