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– disperse medium 98
– turbulent 196, 197, 199, 200, 201, 215,

216, 221, 279
Collisions 290
– of particles 361, 364
– conductive, in electric field 365
– cross section 346
– frequency 346
– in cylindrical coordinates 465
– in laminarflow 292, 327, 335, 338, 345
– in turbulent flow 345

– inertial 396
– inertialess 416, 424

460j Subject Index



– in spherical coordinates 366
– with mobile surface 381
– with retarded surface 378, 381

– probability, see Coagulation, kernel
– pair 415
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– rate 307
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– of averaged turbulent motion 199
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– of dissipation, specific 187
– critical value 387
– distribution density 390
– in averaged flow 229
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– redistribution in collisions 419
– turbulent 183
– for the disperse phase 284, 410
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– Boltzmann 287, 396
– Chapman–Kolmogorov 28, 29
– conservation 37

– of mass 44
– of momentum 196, 416

– continuity 44, 100, 101, 116, 184, 191, 194,
198, 415
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– Corrsin 210, 212, 327
– diffusion 44, 45, 299, 309, 319, 328
– convective 268, 307
– in force field 348
– molecular 38, 188, 210, 211
– with chemical reactions 45, 313

– Euler 245
– Fokker–Planck 31, 116
– see also Boundary, conditions

– for fluid particle trajectories 288, 291
– for moments 197
– heat inflow 187
– Hopf 243, 244
– Karman 203, 205, 209
– Karman–Howarth 204, 208
– Keller–Friedman chain 197, 241
– kinetic
– of coagulation 335
– for PDF 287, 395
– of particle velocity 396, 405, 414
– of relative velocity of two particles 441

– Kolmogorov–Feller 35, 36
– Langevin 43
– of heat exchange 284
– for particle pair 435
– for single particle 306

– Laplace 366, 369
– Liouville 40, 397
– Navier–Stokes 185, 186
– Newton 169
– of Balance, see Balance equations
– of motion 168, 189, 193, 346, 355
– Reynolds 192, 193
– Smoluchowski 124, 125
– stochastic
– differential 4, 43
– of diffusion, with chemical reactions 45

– stoichiometric 310
– Stokes 46, 56, 70, 134, 194
– transport
– for PDF of particle pair 439, 442
– for Reynolds stresses 201
– for specific energy dissipation 233
– for turbulent energy 201, 289
– for turbulent viscosity 231
– relaxation approximation 325
– scale of turbulence 232

Events 1
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– continuum of 4
– incompatible 2
– independent 3
– possible 1
– realization 2, 3, 4
– relative frequency 2
– set 1

Evolution of particle system 284, 292
Excess 328
Expansion, multipole 177

f
Field
– electric 346, 365
– Gaussian 36
– homogeneous 24, 36
– isotropic 26, 27, 202, 206, 208
– potential 126, 207
– random 193, 202, 238, 239, 287, 295, 306
– solenoidal 203, 207
– spectral density 316
– spectral expansion 26
– spectrum 26
– structure, local 214
– vector 202

Filtration 11, 99
Flow
– Couette 70, 126
– granular 170
– inhomogeneous 396
– isothermal 184
– laminar 183, 190
– non-isothermal 187
– near wall 433
– Poiseuille 126, 189
– rate, mean 99
– shearless homogeneous 400
– stationary 186
– through particle layer 98
– turbulent 183

Fluctuations 14
– frequency 217
– hydrodynamic field 192
– intermediate 213
– large-scale 212
– of velocity 14, 200
– period 193, 214, 216
– scalar concentration field 314
– correlation 211
– dynamic equation 212
– intensity 210, 211
– length scale 210, 212, 214
– spectral representation 211

– scale 193
– small-scale 213
– stability 190

Fluid
– incompressible 61
– Newtonian 62
– non-turbulent 246
– potential 246
– turbulent 246
– viscous and incompressible 184
– vorticity 403

Flux of
– charge 157
– heat 187, 196, 286
– matter 112
– particles
– diffusion 324, 348
– asymptotic 359
– hindered 305
– unhindered 346

– from a wall 279
– to a wall 279

– probability 38, 111, 112
Force
– Archimedes 142
– Basset 293, 396
– Brownian 169
– central 137
– diffusion-driving 132
– dynamic pressure 385
– external 2, 43
– fluctuating 46, 48
– generalized 68
– gravity 136, 433
– hydrodynamic 59, 62
– interfacial 398
– lifting 397
– Magnus 290
– of particle interaction 371
– attractive, see molecular
– electrostatic 44, 346, 357
– hydrodynamic 346
– molecular 141, 346
– repulsive, see electrostatic
– van der Waals 130, 137, 346, 361

– point 5, 60
– perturbations in fluid 177

– quasi-elastic 354
– random 46
– resistance 81
– interfacial 398
– particle 60
– viscous 46, 189, 208

– Saffman 290

Subject Index j463



– stochastic 44, 170
– surface tension 365
– systematic 44
– thermodynamic 131
– virtual mass 396
– viscous friction 109, 147, 386

Formula
– Einstein 106, 129
– Furutsu–Donsker–Novikov 56, 295
– Gauss–Ostrogradski 55
– Hadamar–Rybczynski 377
– Maxwell 162
– Stokes 60, 142
– Taylor 162
– van Driest–Reichard 411

Functional 48
– characteristic 53, 54, 234, 236
– dynamic equation 242
– expression through moments 52
– Gaussian random process 55
– spacetime 238
– spatial 238

– function of 50
– linear 48
– quadratic 49, 50
– Taylor series 52
– variation 48, 49

Function
– autocorrelation 9
– Lagrangian, for relative motion of two

particles 435
– spacetime, Eulerian 406
– two-time
– temperature fluctuations 286
– velocity fluctuations 286, 400

– characteristic 12, 13
– correlation 23, 24
– Eulerian 435
– fluctuation 24
– higher order 21
– isotropic field 25
– Lagrangian 435
– mutual 24
– properties of 17
– strain tensor 62, 64
– time 23
– two-point 55
– vorticity tensor 71

– delta 5–7
– dissipation 187
– field
– Eulerian, in interval
– external 438
– inertial 437

– viscous 437
– single-time two-point 434
– isotropic 203
– scalar concentration 314
– second order 202
– third order 208
– vector solenoidal 210

– velocity 210
– locally isotropic 220

– Lagrangian two-point 435
– Saffman 11, 12, 99
– stream 63
– weight 9
– gamma 344
– generalized 5
– Green 399
– Heaviside 8
– mobility scalar 179
– of distance between neighbors 274, 276
– of functional 49
– of particle orientation 161
– probability density, see PDF
– PDF 4
– conditional 28
– dynamic 397
– joint 323, 331
– of orientation and configuration 161

– multidimensional 10, 11
– multiparticle 10
– of coordinates and velocities 414
– and concentrations 309

– pair 10, 133
– particle displacements 116, 128
– two-particle 10, 101, 415

– particle pair 442
– random 5
– average value 5
– delta-correlated 44
– multidimensional 14
– one-dimensional 16
– stationary 22, 23

– Richardson 276
– structure 196
– behavior in spatial interval:
– external 436, 438
– inertial 436
– longitudinal 436
– transverse 436

– viscous 436

g
Gas
– constant 311
– rarefied 30
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Gradient of
– chemical potential 132
– particle concentration 131
– physical parameter 157
– pressure 198
– temperature 157

Gravity 136

h
Hamaker constant 362, 373
Heat capacity 187
Heat conduction 188
Hydrodynamics 192
Hypothesis
– Boussinesq 224
– continuity 285
– Corrsin 407
– ergodic 11
– Millionschikov 388
– molecular chaos 417
– semi-empirical gradient 312
– Taylor 278
– Toor 321

i
Immiscibility 321
Impurity
– concentration 188, 210
– passive 188, 210
– source 269
– instantaneous 270
– intensity 270
– point 270, 272

– spreading 276, 281
Inequality, Schwartz 18
Inertia of a particle 304
Instability, hydrodynamic 190
Intensity of
– concentration fluctuations 210, 211, 314,

327
– production (consumption) of matter 45
– turbulence 407

Interaction
– explicit 304, 305
– implicit 304, 305
– interfacial 405
– interparticle 304, 305
– collisional 290, 305
– collisionless 290, 305
– electrostatic 130
– hydrodynamic 99, 130
– molecular 136, 137, 151
– pair 60, 131, 335
– with surface 289

– multiparticle 168
– of particles
– in a turbulent flow 304
– with a surface 289, 290
– with turbulent flow 283, 395

Intermittency 244
Interpolation, two-point 341
Invariant, Loitsyansky 206
Isotropy, local 213

j
Jacobian 8

k
Kinematics, chemical 119, 183
Kronecker symbol 84, 127

l
Law
– Arrhenius 311
– Darcy 105
– Faxen 59
– Fick 44
– Fourier 44, 187
– motion 252
– Navier–Stokes 44, 147, 229
– of energy conservation 187
– of mass action 311
– of 2/3, 219, 223
– of 4/3, 277
– of 5/2, 219, 223
– of 5/3, 219, 223
– Richardson 277

Layer
– boundary
– diffusion 140, 189
– thermal 189
– viscous 186

– double electrical 346
– mixing 328
– shear, evolution of 418

Lindenberg conditions 30
Line of centers 60

m
Macromixing 306, 308
Macromolecules, see Molecules, compound
Macroscale 210
Matrix
– correlation 22, 27
– dispersion 36
– generalized, of forces 68
– generalized, of velocities 68
– mobility 70
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– permeability 173
– resistance 67, 68, 76, 97, 174

Mechanics, statistical 4, 11
Medium
– Brinkman 104
– carrying, see continuous
– continuous 251, 252
– disperse, two-phase 282
– concentrated 167, 291, 305
– coarsely dispersed 170
– dense 395
– infinitely dilute 117, 222
– low-concentrated 60
– macroscopic parameters 167
– microstructure 168
– monodisperse 142
– non-interacting particles 161
– polydisperse 151
– rarefied 288, see also low-concentrated
– rheological properties 173

– porous 12, 98, 105
Method
– closure 201
– Enskog 305
– Markov 113
– Monte–Carlo 325
– of asymptotic expansions 79
– of boundary integral equations 168, 176
– of Brownian dynamics 170
– of conditional sampling 246, 247
– of deterministic Lagrangian

description 285
– of direct numerical simulation (DNS), 284
– of interpolation of fractionalmoments 338
– of large eddy simulation (LES), 419, 423
– of molecular dynamics 167
– of moments 176, 281, 297, 312, 340
– of perturbations 141
– of small perturbations 141, 190
– of stochastic simulation 284
– of Stokesian dynamics 167
– parametric 338, 342
– PDF 309, 322, 395
– reflection 80

Microhydrodynamics 59
Micromixing 306, 308, 315
Microparticles 59, 282
Microscale 205
Migration of particles 288, 405
Mixing of substances 268
Mixture, segregated 314
Model
– droplet breakup 387
– immiscibility 321

– micromixing 327, 328
– coalescence–dispersion 327, 328
– Curl 327
– Frost 327
– Langevin 326, 327
– Nedorub 327

– Patterson 321
– turbulent coagulation 374
– turbulent diffusion 267, 277,

349
– turbulent flow 223
– two-phase turbulent flow 289
– algebraic 286, 287
– continual equations 288
– differential 287
– gradient 287
– inertial diffusion 288
– kinetic 305
– semi empirical 228, 234
– two-fluid 285

Modeling
– of chemical reaction 307
– of macromixing 331
– of turbulent flow:
– disperse phase 285
– monodisperse 291
– polydisperse 291

– trajectory 285
– two-fluid 285

Mole 220
Molecules, compound 169
Moment
– central 14, 16, 18, 20
– correlation 401–403, 416, 425
– fractional 338, 341
– generating function 12
– hydrodynamic 69
– integer 338
– mixed 16, 17, see also Moment,

correlation
– integer 338
– of distribution 328, 338
– order 14
– single-point 16
– spacetime 17
– surface force density 177
– two-point 16–18
– type 16

Monopole 177
Motion
– Brownian 18, 109, 117
– constrained, see Motion, hindered
– hindered 98
– of free particle in a fluid 117
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– of isolated particle 109
– in a hydrodynamic medium 46

– moving 70, 126
– quiescent 61

– in a shear flow 78, 127
– rotational 62, 66
– translational 63

– of many particles 40
– of particles in turbulent flow 349
– of two particles in a fluid 78
– moving 78, 79
– quiescent 61
– relative 133, 265–267, 277, 283

– pseudo turbulent 290
– quasi-stationary 214
– relative, of two fluid particles 265–267

Multipole 177

n
Noise, random Gaussian white 127
Normal, outer to a surface 47
Nucleation 285, 292
Number
– capillary, modified 377
– Ohnesorge 387
– Peclet 138–140, 165, 172, 188, 221
– diffusion 189, 221
– heat 189

– Prandtl 189, 287, 288
– Reynolds 61
– Reynolds, critical 190, 192
– Reynolds, local 216
– Schmidt 189, 222, 301, 316, 412
– Stokes 283, 444
– wave 27, 206, 208, 316
– Batchelor scale 222, 315
– Kolmogorov scale 213
– inertial-convective region 316, 317
– viscous-convective region 316, 318
– viscous-diffusional region 317

– Weber 386

o
Operator
– collision 306, 415
– micromixing 326

p
Parameter
– drift 409
– inertia 406
– interaction
– electrostatic 361
– hydrodynamic 172

– molecular 363
– macroscopic 158, 161, 167
– particle shape 172
– stability of droplet 368

Particles
– acceleration of 118
– axisymmetric 75, 76
– Brownian 109, 122, 126
– center of reaction 69
– concentration
– mass 289, 294
– volume 12, 285, 291, 301
– conductive 346
– distribution over radius 11
– drift, relative 424
– effect on the flow:
– laminarization 289
– momentum 4
– orientation 4
– turbulization 289

– fluid 267
– free path, effective 407
– inertial 415, 421, 449
– inertialess 283, 335, 346
– passive 283
– position in space 1, 2
– random walk 110
– size spectrum 292
– Stokesian 282
– test 139

PDF
– consistency 13
– symmetry 13

Permeability 105
Permittivity, dielectric 365, 366
Perturbation, of hydrodynamic
– parameters 60, 192

Point
– spacetime 10, 18
– spatial 14

Polyadic 64
Polynomial
– Hermite–Sonin 417
– Lagrange, interpolation 341
– Laguerre, associated 343

Porosity 99
Potential
– chemical 131–133
– electrostatic 364, 369
– external force 132
– interaction 130
– Lenard–Jones 168
– molecular
– between parallel plates 362
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– between particles 138, 361
Principle, Markovian 28
Probability
– axioms 1
– conditional 3
– density 4
– joint 3
– multidimensional 10, 14
– multiparticle 10, 14
– of event 1

– density function, see PDF
– of a set of events 1
– of particle position 2
– theory 1

Process
– Cauchy 30, 34
– continuous 292
– combustion 291, 292, 320
– condensation 291, 292
– evaporation 292

– deterministic 40
– diffusion 35
– discontinuous 35
– Markovian 28
– random 24
– stochastic 3, 28, 29
– Wiener 39

Product
– dyadic 153
– scalar (double-dot), of tensors 171, 187

q
Quadrupole 177

r
Radius
– effect on coagulation 423
– Debye inverse 362

Radius vector 61, 63
Random walk of
– particle ensemble 99
– single particle, along a straight line 110
– bounded 111
– flux
– asymptotic 374
– diffusion 112
– distribution 111
– probability 112

– unbounded 111
– with absorbing boundary 111
– with reflecting boundary 111

Reactions, see Chemical reactions
Reactor, chemical 306
Relation, constitutive 44, 183

Retardation, electromagnetic 363
Reynolds conditions 196
Reynolds stress, see Stress
Rotlet 177
Rule, Schulze–Hardy 364

s
Scale
– concentration inhomogeneity 245
– energy region 213
– inertial region 275
– Kolmogorov 222
– motion 212
– scalar field
– Batchelor 222, 315
– differential 206
– Eulerian 428
– inner 222
– integral 201, 395
– Kolmogorov 213
– of concentration 315

– inner, see Batchelor
– integral 315
– macroscale 210, 309, 315, 408

– spatial 217, 309
– viscous dissipation region 213

– Taylor 205, 427
– time, two-point, in viscous interval 437
– turbulence 206
– integral

– Eulerian 408
– in external interval 439
– in inertial interval 437
– Lagrangian 396, 401, 415

– two-point 438
Sedimentation 136, 137
– of particles 142, 151, 361
– velocity 137, 142

Semi-invariant, see Cumulant
Set 25
– complementary 2
– countable 2
– empty 2
– finite 2
– infinite 2
– intersection 2
– non-overlapping 2, 3
– of events 1
– of spatial arrangements 3
– overlapping 2
– union 2

Shear rate 95, 385, 415
Similarity criterion 186
Size, characteristic linear 220
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Slip, interfacial 399, 406, 407, 408, 413
Solution
– Blasius 189, 245
– self-similar 344

Space
– n-dimensional 4
– phase 125
– probability 3, 4
– vector 1

Spatial
– displacement 125
– elementary volume 5. 11
– event 1

Stability
– criterion 190
– factor 364, 365
– hydrodynamic 191, 192
– of conductive droplets 368
– of disperse system 362

Statistical characteristics, Lagrangian 256
Stokeslet 176
Stress 195
Stresslet 177
Surface
– area, of interface 339
– density of charge 366
– discontinuity at 38
– element 62
– fully absorbing 301
– fully reflecting 301
– isoconcentration 329
– mass transfer at 329
– of a particle
– equipotential 370
– free 374
– fully mobile 361
– fully retarded 360
– mobility 360

Suspension, see Medium, disperse
Symbol, alternating 95
System
– bidisperse 337
– colloid 169
– deterministic 4
– granular 170
– of coordinates 251

t
Temperature, absolute 109
Tensor
– correlation 27
– deviatoric 46
– diffusion 116, 260, 405
– dispersion 36, 37, 46, 260

– fluctuation correlation 240, 260
– mobility 91, 133
– Oseen 176
– particle shape 68
– rate-of-strain 46, 71
– resistance 47
– conjugate 69
– of axisymmetric particle 77
– rotational 67
– shear 72, 74, 76
– translational 64, 72

– scale 229
– second rank 17
– spherical 46
– stress 46
– fluctuating component 46
– Maxwellian 305
– of disperse phase 170, 395
– Reynolds 195
– rotational 66
– systematic component 46
– translational 64
– viscous 147

– third rank 64, 66, 97
– trace 47
– turbulent energy dissipation 423
– unit 62
– velocity 63, 66
– velocity gradient 62
– vorticity 71

Tetradic 97
Theorem
– central limit 21
– ergodic 11
– reciprocity 64

Theory
– DLVO 169
– kinetic of gas 278, 385, 390
– kinetic molecular 183
– of locally isotropic turbulence 202
– semi-empirical 202

Time, characteristic
– between particle collisions 291, 410,

419
– Lagrangian correlation 258, 283
– of Brownian diffusion 172
– of change of configuration 172
– of chemical process 307, 316
– of interaction with turbulent eddies 399,

408
– of micromixing 211, 309, 314
– of non-stationarity of averaged flow 214
– of relaxation
– dynamic 396, 397
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– for chemical reaction 319
– for scalar field 211
– thermal 283
– viscous 119, 282

– of turbulent mixing 307
Trajectory
– in continuous process 30, 32
– in discontinuous process 31
– intersection of 399, 408, 409
– limiting 346

Transform
– Fourier 12, 13
– inverse 13
– isotropic turbulent field in spectral
– of average energy 207
– of correlation tensor 202
– of Karman–Howarth equation 204, 208
– of PDF 13
– of potential field 207
– of solenoidal field 207
– representation 206
– spectrum 206

– Laplace 399
Transport, turbulent:
– convective 286
– diffusional 289, 299
– momentum 195, 287
– of charge 157
– of heat 158, 196, 286
– of matter 183, 196

Transpose 17
Triadic 64, 97
Turbophoresis 434
Turbulence
– attenuation 211
– beginning 189
– criterion 186, 190
– developed 201
– full stastistical description 287
– local structure 212
– scheme, qualitative 213

– homogeneous 202
– isotropic 202
– local isotropic 121
– models 223
– algebraic 224
– e-F, 233
– k-e, 233
– one-parametric 230
– with transport equations for
– Reynolds stresses 286
– turbulence scale 349
– turbulent energy 287
– turbulent viscosity 287, 288

– semi-empirical 224
– Boussinesq 224
– mixing length 226, 228
– Monin 229
– Prandtl 226
– Taylor 227

– three-parametric 234
– two-parametric 232, 233

– semi-empirical theory 224

u
Uncertainty 2

v
Variables
– conserved 319
– see also Schwab–Zeldovich

– continuous 35
– Eulerian 251
– Lagrangian 25, 252
– random 10
– Schwab–Zeldovich 320

Variance, see dispersion
Vector
– associative, of pressure 63, 66
– n-dimensional 10, 12
– drift 36, 38, 39
– fluctuating 45
– generalized 42
– heat flux 187
– of particle displacement 259
– of particle orientation 161
– shear 74
– vorticity 71, 185
– wave 26

Velocity
– angular 59
– drift 410
– Eulerian 254, 293
– generalized 68
– Lagrangian 254, 255
– of particles 98
– axisymmetric 75
– colliding 395
– ellipsoidal 77
– free 72, 75, 77
– spherical 77

– profile, see Shear rate
– relative 406, 415

Viscosity 105
– dynamic 117
– effective 98
– kinematic 119

Volume, elementary 1
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