Subject Index

a

Acceleration

— autocorrelation function of 35

— of low-inertia particles 35

— mechanism of particle collisions

Accumulation, see Clustering

Accuracy of

- boundary conditions 74

- non-linear model 61

Actual velocity of the fluid 40

Adsorption at the wall 111

Aerosols

— deposition 107

— polydispersity 108

— separation  XIII

— spreading  XIII

Algebraic model

— for hydrodynamic characteristics of the
disperse phase 39

— of heat transport, two approaches 127

— implicit, for turbulent heat fluxes 131

—implicit, for turbulent stresses of the disperse
phase 59

— for Reynolds stresses 52

— for turbulent heat fluxes 127

— for turbulent stresses of the disperse phase
59

Algebraic relation 49

— for third-order structure function 178

Amplitude of acceleration fluctuations in
isotropic turbulence 3

Analytical solutions of particle collision
problem 138

Anisotropy

— of action of time scales on fluctuational
motion of particles 77

— of duration of particle interaction with
turbulent eddies 46

139

- of involvement coefficients 46

— of particle velocity fluctuations

—tensor 58

— of turbulence scales 46

- of turbulence scales in the near-wall region
64

Approximate integration 15

Approximating

— the axial and transverse components of
acceleration fluctuation 3

— integral time scale of velocity fluctuation
increment over the entire distance
range 9

— the Kolmogorov constant 2

—the longitudinal structure function of velocity
fluctuations over the entire range of
inteparticle distances 9

Asymptotic

—behavior of the continual model in the limit of

137, 209

inertialess particles 50, 125
— expression
— for deposition factor of high-inertia
particles 114
— for diffusion tensor at large values of
time 2

— for the Kolmogorov constant at high
Reynolds numbers 3
— for turbulent diffusion tensor of particles at
large values of time 28
— solution for high-inertia particles in the
near-wall region 95
Atmospheric processes XVIII
Attractor 172
Autocorrelation function
— of acceleration 35
— of continuous phase’s velocity and
temperature along the particle
trajectory 119
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— of fluid velocity fluctuations along a particle
trajectory 14, 16

—as a tensor 16, 20, 133

— triangular 141

Average

— characteristics of gradient turbulent flow
39

— radial component of relative velocity 140

— relative radial velocity of two touching
particles 140

—slip 21

— temperature of a disperse phase consisting of
inertialess particles 125

— velocity gradient 42

— velocity of a disperse phase consisting of
inertialess particles 50

— velocity slip relative to the fluid 14

— volume concentration 48

Averaging over the ensemble of

— initial conditions XIV

— random realizations 40

— velocity and temperature fields of the carrier
fluid 2

Azimuthal angle 149

b

Balance equations 48, 97, 123, 177
Barnett equations 53

Basic operator 66

Beer—Lambert exponential law  XIX
Bidispersed system of particles 209
Bifurcation point 89

Binomial distribution 64
Boltzmann equation 53, 137
Boltzmann integral 152

Boltzmann integral operator XVI
Boundary conditions for

— absolutely elastic particle interactions with

the wall 70
— average longitudinal velocity of particles
70

— Brownian particles 68

— diagonal components of turbulent stresses in
the disperse phase 69, 160

— disperse phase with the consideration of
particle collisions 159

— equations of motion of the disperse phase
62

— fluctuation intensities 73

— high-inertia particles 70

— inertialess particles 70

— longitudinal velocity 68

—longitudinal velocity with the consideration of
particle collisions 159

— normal components of velocity fluctuation
intensities 70

— particles with bi-normal velocity distribution
in the near-wall region 71

- sticking 70

- tangential stresses

Boundary layer

— turbulent 96

Boussinesq relation 56

Breakage of particles  XIV

Brownian diffusion

— coefficient 108

— effect on particle deposition 107

Brownian motion 53, 138

159

c
Central limit theorem 39
Chain of equations for moments
Chaotic motion of molecules 8
Chapman-Enskog
— expansion 53
— perturbation method XVI, 53, 127
Characteristic gradient of average velocity of
the carrier flow 42
Characteristic time of
— dynamic relaxation of a particle 11
— in the Stokesean approximation 12
— particle interactions
— with energy-carrying eddies 42
— with turbulence XVI
— with turbulent eddies of the carrier
flow 137
— thermal relaxation of a particle 13
— variation of average hydrodynamic flow
parameters 54
— variation of heat flow parameters
Characteristics of
— gradient turbulent flow 39
— turbulence along fluid element
trajectories 52
— turbulence of the continuous phase in the
inertial interval 8
Closed kinetic equation for
— single-point PDF of particle velocity and

123

127

temperature 122
— two-point PDF of relative velocity of a particle
pair 176

Closed set of moment equations XVI

Closure problem for the kinetic equation for
particle velocity PDF 39

Closure relations 49

Clustering XVII

— asymptotics for particle pairs in the inertial
spatial interval 185



— criteria 172

— decrease in the near-wall region due to
collisions 168

— of inertial particles XVII, 171

— in the near-wall flow XIX

— influence on the collision frequency 196,
235

— in the near-wall region 91

— in non-homogeneous turbulent flow 91

— of small heavy particles XIII

Coagulation

— in homogeneous turbulence

— kinetic equation 138

— of particles 138

—rate XIX

Coefficient of

— heat conductivity of the fluid 13

— momentum restitution 62

— particle involvement in temperature
fluctuations of the continuum 33

— particle responsiveness to temperature
fluctuations of the carrier fluid 32

— turbulent diffusion of particles in the
inertialess approximation 56

139

Coherent structures 107
Collision kernel 138

— for bidispersed particles 212
— for high-inertia particles 145

— in the inertial interval 212

— for inertialess particles, see Saffman—Turner
kernel

— for low-inertia particles 146

— for particles at high Reynolds numbers 146

— in the presence of average velocity gradient
and turbulence 149

— in the presence of gravity 215

— in the presence of gravity and
turbulence 215

— spherical formulation 140

— turbulent component of 150

Collision problem 140

Collisional term

— due to acceleration 140

— in the transport equation 137

Collisions, see Particle collisions

Combined Lagrangian—Eulerian simulation
method XVI

Combining solutions for velocity shear and
acceleration 140

Combustion 13

— of atomized solids and liquid fuels

— effect of turbulent fluctuations on
the rate of XIV

— heterogeneous XIV

XVIIL

Subject Index

Concentration

— of disperse phase 39

— fluctuations of XVII, 171

— of inertial particles in the near-wall
region 95

— of particles—influence of inertia 168

— preferential 171

Conservation equations

Continual model

— differential of the second order

- of dispersion XVI

— of heat transport XVI

— hydrodynamic XVII

— of particle clustering  XVI

— of particle motion 7

— of transport 39

Continual model 50, 125

Continuity effect 20

Continuity equation 5

Continuous phase XIX, 58

— velocity correlations 58

Convection of one-particle PDF in the phase
space 46

Convective transport 49

—of momentum in the transverse direction due
to particle deposition 109

Correlations

— of acceleration fluctuations in isotropic
turbulence 35

— of fluid velocity and temperature along
inertial particle trajectories 13

— between probability density of velocity and
particle temperature 117

— between temperature fluctuations of the
continuous phase and probability
density 116

— between velocity and turbulent diffusion of
heavy particles 14

— between velocity fluctuations and fluid
temperature 117

— between velocity fluctuations of the
continuous phase and PDF of particle
velocities 42

Correlation coefficient of

— fluid and particle velocities 141

— radial velocity components of two
particles 211

— two particles 143

Correlation function

— Lagrangian 1

— of strain tensor 7

— of rotation tensor 7

— of velocity fluctuations of the continuous and
disperse phases 74

218

126
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Subject Index

Correlation moment

— of transverse component of velocity 73

— of velocity fluctuations of the continuous and
disperse phases 75

Corrsin’s hypothesis 14

Coulomb friction law 62

Covariance of fluid and particle velocities

Crossing trajectory effect 14, 28

Cumulant 49

Cylindrical formulation of the collision
problem 140

141

d

Density of

—fluid 11

— particle material 11

Deposition  XIV, 49

— of aerosol particles and drops on bounding
surfaces 107

— coefficient 67

— dependence on gravity, lifting force, and flow
direction 107

— factor 108

—rate 68

—in a vertical channel 107

Deterministic Lagrangian description of

— heat exchange XIV

— motion of the disperse phase XVI

Differential operator of the Fokker-Planck
type XVI

Diffusion

— Brownian 107, 108

— coefficient 28, 108

— equation for an inertialess impurity 50

— for one-particle PDF in the phase space

— of passive impurity 50

46

— turbulent
— of particles 49
—tensor 1, 28, 56

— of zero-inertia particles XV
Diffusive transport 49, 123
Dirac’s delta function 15, 40
Direct
— interactions
— resulting in collisions  XVII
— summation using the Lagrangian
method 47
— numerical simulation (DNS) XV
— stochastic trajectory simulation of particle
dynamics 21
— trajectory simulation of disperse phase’s
characteristics in a homogeneous shear
layer 78
Disperse phase

— fraction of XVII
— hydrodynamic, heat exchange, and mass
exchange equations for XVI

— kinetic energy 54, 194
— low-concentrated 138
— turbulent stresses in 49
—velocity 48
— velocity correlations
Dispersion of
— fluid particle pair 5
— heavy particles 14
— inertial particles 205
— inertialess particles 202
— passive impurity 13
— small heavy particles
Displaced mass 11
Dissipation
— rate in isotropic turbulence 2
- of turbulent energy XV, 139
— influence of particles XIX
— of turbulent stresses 49
Distance between two particles
Distribution
— binomial 64
— bi-normal 71
— of the distance vector between two points
— elliptic 39
— Gaussian 15, 39, 137, 141, 149, 209
— Maxwellian 53, 141
— of fluid velocity 142
— of particle size 138
— Poisson 172
— of relative concentration 168
— of temperature 47
- of velocity 39, 46, 68, 141
Drift
— parameter 16
—velocity 13
Droplets  XIII, XIX
Dynamic
— Lagrangian simulation XIV
— probability density in the phase space of
coordinates, velocities, and
temperature 115
— relaxation time 137
— response time XVII
— stochastic equation of motion 40
— velocity 87
Dynamics of sand storms

58

XIIT

143

XIII

e

Effect of diminishing correlativity of particle
fluctuations 13

Effective

7



— free path of a particle 18

— friction coefficient 63

— restitution coefficient 63

— Stokes number 25

Energy

—equation 116

— kinetic, see Kinetic energy

— Langevin equation for ~ XIV
— turbulent dissipation 139
Equation for

— average temperature of the disperse phase

123
—balance of momentum for the relative motion
of particles 177

— correlation moment of particle velocity
fluctuations 28

— dynamic probability density for a single
particle 115

— joint PDF of velocity and temperature
distribution for a particle 47

— Lagrangian mixed correlation moment of
temperatures of the continuous and
disperse phase along particle
trajectories 32

— mixed correlation moment 27

— mixed moment of velocity fluctuations of the
continuous and disperse phase 92

—number concentration of particle pairs

— PDF of particle velocity distribution in a
homogeneous non-shear turbulent
flow 46

— relative motion of a particle pair 173

— second moments of fluctuation increment of
a particle pair 177

— second moments of particle velocity
fluctuations 48

— exact solution 74
— single-point moment of particle

177

temperature 123
— single-point single-particle PDF of velocity
temperature 116

statistical PDF of particle velocity
distribution 40

— temperature variation 12

— third-order moment of velocity
fluctuations 49

— turbulent heat flux 130

—turbulent stresses of the disperse phase in the
equilibrium state 58

— two-particle PDF and its moments 229

— two-point statistical moments of relative
velocity PDF of a particle pair 177

— velocity moments 123

Equations of motion for

Subject Index

— particle 173
— approximate integration of 15
— particle and the carrier flow 11
— single heavy particle 11
Equilibrium
— logarithmic layer 87
— state of turbulent flow 91
— two-phase flow 91
Euler equations 52
Eulerian
— continual
—approach XV
— description  XIV
— simulation XV
— integral time scale 16
— longitudinal structure function 6
—second order space-time correlation moment
of fluid velocity fluctuations 3
— single-point time autocorrelation function of
temperature fluctuations 10
— single-point time autocorrelation function of
velocity fluctuations 4
— space-time correlation moment
— in isotropic turbulence 15
— of temperature fluctuations 10
— spatial structure function of the second
order 5
— structure function
- second-order 8
— third-order 8
— transverse structure function 6
— two-point correlation moment 5, 142, 230
— two-point simultaneous correlation function
of temperature fluctuations 10
— two-point simulatenous correlation
moment 4
Evolution of cumulus clouds XIII
Expansion over orthogonal tensor basis 59
Exponential dependence
— approximation of the autocorrelation
function 31
— of autocorrelation function of velocity
fluctuation increment 6

f

Favre averaging 48
Feedback action of particles on the
turbulence 52

Flow
— concentrated  XIV
—core 169

— of disperse phase XIV
— dispersed XIII, XIV
— downward, in a vertical channel 97
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Subject Index

— homogeneous, see Homogeneous flow
— hydrodynamically developed in vertical
planar channel 109
— macroscopic properties XVI
— in the near-wall region 39
— non-equilibrium XV
— non-isothermal 12
— pseudo-turbulent XVI
—shear 39, 46, 51, 74, 78
— turbulent XIV-XVI
— two-phase 1
— uniform 58
— upward, in a vertical channel 97
— in vertical channels 39, 97
Fluctuational characteristics of gradient
turbulent flow 39
Fluctuations
— generation
— from averaged motion due to the velocity
gradient 49
— via dissipation of turbulent stresses of the
disperse pahse 49
— due to the involvement of particles in the
motion of the carrier flow 49
— of particle concentration 90
— of pressure 167
- of relative velocity between particles and fluid
due to particle acceleration 149
— of velocity, redistribution between

components 157, 167
Fluid
—element 1
— incompressible 1
— particle 1
— temperature 14
—velocity 14
Fokker-Planck equation 46, 53
Force
— balance 11
— Basset 11
— centrifugal 138

— deterministic 12

- diffusion driving 97, 181

— gravitational 12, 107, 215

— of hydrodynamic resistance 11
— hydrodynamic 138

— interfacial 12

- lifting 12, 107

—mass 12
—molecular 138
—point 11

—random 46
— Saffman 12, 108
— thermophoretic 12

— turbophoretic driving 97, 172

Forced turbulence 148

Formation of

— clusters  XVIII

— compact regions with enhanced
concentration 172

— planets from nebula XVIII

—raindrops  XIII

Furutsu-Donsker-Novikov formula for a
Gaussian random field 39, 116

Fourier law 130

Fourier modes superposition 18

Fractal dimension of a cluster
structure  XVIII, 184

Fraction method 53

Friction coefficient 61

Friction velocity 87

Friedmann—Keller chain of equations in the
theory of one-phase turbulent flows 49

Functional

— calculus technique 39

— derivative of particle temperature 40

— along a particle trajectory 118
— with respect to fluid velocity 118

Gamma function 150
Gaussian
— distribution 14, 150
— correlated 154, 210
— elliptic 39
— of relative radial component of velocity
fluctuation 149
- random field model
— random process 39
Grad’s method XVI
Grad’s 13-moment approximation 158
Gradient approximation for the third moment
of joint fluctuations of velocity and
temperature of the continuum 126
Gradient relations 51
Gravitational sedimentation 139
Green’s function 47

107

h
Heat
— capacity of particle material 13
— diffusion, see Thermal diffusion
— exchange
— equation for a single particle 33
— interfacial 14
— of particles in gradient turbulent flow 173
— of small heavy particles  XIII
- flux 123,130



—transport  XIII, 13, 14, 116, 123, 125
Heaviside function 40
Hermitian polynomials 154
High-inertia particles XV, XVII
— in near-wall region 95
Homogeneous flow
— anisotropic 218
— gradient 39
- non-shear 47
—shear 39, 75,132,137
— shearless 123
— turbulent X1V, 39, 123, 216

— with constant shear rate 75
Horizontal pipes and channels 107, 164
Hybrid Lagrangian-Eulerian method XV
Hydrodynamic resistance 11
— inertia dependence 12
— of a spherical particle 12
Hydrodynamics of dispersed turbulent

flow XIII-XIV

i
Impenetrable wall 63
Incident particles 63
Increment 6
Inertia effect 14
Inertia parameter
Inertial
— particle dynamics in turbulent flows 52
— particles  XIV-XVI
— gpatial interval 6, 204
Inertialess impurity 2, 51
Inertiality 14
Infinite chain of equations for statistical
moments XVI, 176
Inhomogeneous
— gradient turbulent flow 40
— spatial distribution of particles
— turbulent flow XIV
Integral scale
— of fluid temperature fluctuations along an
inertial particle trajectory 25
— of fluid velocity fluctuations along inertial
particle trajectories 171
—spatial 5
- temporal 5
— of fluid temperature fluctuations along an
inertial particle trajectory 132
— of velocity fluctuation increment 6
— of fluid particles along trajectories of
relative motion of inertial particles 176
— in the viscous interval 7
Intensity of
— fluid velocity fluctuations 8

208

139

Subject Index

— heat release inside a particle 14
— radial velocity fluctuations 138
— of two particles at contact 138

— temperature fluctuations 11

Interaction of particles, see Particle interactions

Interfacial interaction XIV

Intermittency phenomenon 177, 184

Invariance principle 46

Involvement coefficient 31, 144, 45

— associated with particles’ response to joint
fluctuations of velocity and
temperature 45

— associated with temperature response of
particles 45

— in the inertial interval 145

Involvement factor, see Involvement coefficient

Involvement of

— particle in fluctuational motion of the carrier
flow 24

— particle pair in turbulent motion of the
continuum 176

Isotropic

— approximations for turbulent stresses 56

— involvement coefficient 31

— Lagrangian integral time scale tensor 52

— Lagrangian scale of turbulence 77

— particle—turbulence interaction time 77

— stationary turbulence approximation 137

— turbulence 8

Iteration procedure 14

Ito interpretation of stochastic integral 39

k

k—e model of turbulence 201

Kinematic simulation method 16

Kinematic viscosity coefficient of fluid 3

Kinetic energy

- of the continuous phase 58

— of the disperse phase 54, 195

—of inertial particles in homogeneous isotropic
stationary turbulence 29

— of isotropic turbulence 2

— turbulent 54, 58

— of velocity correlations 58

Kinetic equation

— for high-inertia particles 56

— in the presence of collisions 167

— for joint PDF of particle velocity and
temperature 115

— for PDF of particle velocity and temperature
in a homogeneous shearless turbulent

flow 122
— for PDF of particle velocity distribution
39
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Subject Index

— for PDF of relative velocity of a particle
pair 171

— for PDF of velocity, temperature, and other
characteristics  XVI

— for single-point PDF of particle velocity
distribution in a turbulent shear
flow 46

— for single-point (single-particle) PDF in the
presence of collisions 151

— solving with the Chapman-Enskog
method 127

— for two-particle PDF for bidispersed
particles 209

— for two-point PDF of relative velocity of a
particle pair 172

Knudsen number 54

Kolmogorov-Prandtl constant

Kolmogorov

— constant 2, 145

— at high Reynolds numbers 2

— similarity hypotheses 6

— spatial microscale 6, 181

— theory of local similarity 144

— time microscale XVII, 139, 181

— velocity scale 181

Kronecker symbol 41

100

)
Lagrangian
— continual simulation method 62
— correlation function 1
— correlation moment of
— fluid particle acceleration fluctuations 35
— fluid particle temperature fluctuations
along an inertial particle trajectory 25,
119
—fluid particle velocity fluctuations calculated
along an inertial particle trajectory 14
— fluid velocity fluctuations 1
— joint fluctuations of velocity and
temperature of a fluid particle 119
— particle acceleration fluctuations 35
— temperature fluctuations of the continuous
phase 119
— temperature fluctuations of a particle along
its own trajectory 32
— history direct-interaction approximation 47
— integral
— scale for particles 31
— time scale 2
— method in the renormalized perturbation
theory 47
— mixed correlation moment of
— fluid and particle velocity fluctuations 27

—temperature of the continuous and disperse
phase along a particle trajectory 29
— model of particle deposition 107
— simulation XIV
— single-particle correlation moment 1
— of temperature fluctuations of the
continuous phase 10
— stochastic approach XV
— structure function 5
— in the inertial interval
- time scale anisotropy 78
— trajectory
—approach XV
— description of the disperse phase XIII
- simulation XV
— two-particle correlation moment 5
— two-point structure function of velocity
fluctuations 56
— of fluid particles moving along inertial
particle trajectories 175
— of fluid particles moving along their own
trajectories 175
Lagrangian autocorrelation function 1
— of fluid temperature along a particle
trajectory 25
— of fluid velocity along a particle
trajectory 15, 145
— in the inertial interval 145
— of joint fluctuations of velocity and
temperature of the continuum based on
the integral time scale 126
— of relative motion of two particles 6
— of temperature fluctuations 10
— of velocity fluctuations of the continuous
phase 43
— of velocity fluctuations of a fluid particle pair
along an inertial particle trajectory 52
— of velocity fluctuation increment of fluid
particles 5
—ofvelocity and temperature fluctuations in the
continuum 119
Langevin stochastic equation of motion 47
Laplace transform of the autocorrelation
function 21
Large-eddy simulation (LES)
Lattice-Boltzmann method 9
Lifting force 107
Limiting relations for involvement
coefficients 45
Linear
— algebraic model for turbulent stresses of
the disperse phase 58
— approximation for turbulent stresses of the
continuum 56

144

XV



— dependence of
— Lagrangian integral scale on the Reynolds
number 2
— turbulent heat flux on average velocity
gradients and temperature of the
disperse phase 134
— model for turbulent heat fluxes 131
Liouville equation for dynamic probability
density of a single particle in the phase
space 34
Local
— disperse phase model 62
— equilibrium relation between turbulent
stresses of the disperse and continuous
phase 49
Locally isotropic turbulence 1
Logarithmic velocity profile 58
Longitudinal
— component of
— Eulerian two-point correlation function of
velocity fluctuations 142
— relative diffusion of two fluid particles
7
— second-rank tensor 5
— third-order structure function of velocity of
the continuous phase 8
— third-rank tensor in isotropic
turbulence 8
— turbulent stress 79
— Eulerian spatial correlation function 10
—structure function at small distances between
two points 140
Low-turbulence zone XVII

Lyapunov exponents 183
m
Markovian process 137

— d-correlated in time 46

Mass conservation equation 48

Matching of solutions in the viscous and
turbulent zones 89

Matrix of

— involvement coefficients 45

— particle interaction micro-times 45

Mechanics of interpenetrating heterogeneous

media XIV
Memory effect 107
Modeling of

— heat transport  XIII, 115

— mass transport XIII

— momentum transport XIII

— particle collision with a rough wall 63

—rigid particle collisions with a rigid surface
62

Subject Index

— rough wall as a plane virtual surface with
random slopes having a Gaussian
distribution 66

— turbulent stresses for the disperse phase 59

— two-phase, dispersed turbulent flows XIII

Modulation effect, see Feedback action of
particles on the turbulence

Molecular

— chaos hypothesis in the kinetic theory of
gases 115

— theory of rarefied gas XVI

Moments

— correlation, see Correlation moments
— fourth-order 52
— correlation, of transverse component of
velocity 73
— mixed
— of temperature fluctuations of the
continuous and disperse phase 32
— of velocity fluctuations of the continuous
and disperse phase 27
— of velocity and temperature fluctuations of’
the continuous and disperse phase 126
- second-order 126
— third-order
— expressed through second-order moments
and their derivatives 50
— incorporating temperature
fluctuations 130
— relation for 125
— of velocity fluctuations in a single-phase
turbulence 51
Momentum
— balance equation 48
— Langevin equation XIV
— restitution coefficient 151
Monte Carlo method XVII
Motion of
— particle pair as a whole 143
— particles in a vertical channel 40
— single particle in turbulent media 39
— small heavy particles in a turbulent flow
XIII
Mutual interaction of particles resulting from
their collisions XIV

n

Navier-Stokes equations 53

Near-wall flow 58

Near-wall region 62

Non-correlative model

Nonlinear

— algebraic model for turbulent stresses of the
disperse phase 57

137
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Subject Index

— explicit algebraic model 52

— model for turbulent heat flux 131

Non-local

— differential model XIV

— disperse phase model 61

— transport models 49

Non-stationarity 78

Normal distribution 39

Normalization condition 35

Number concentration of particles 137

Numerical solution of one-dimensional kinetic
equation 74

Nusselt number of the flow past a particle 13

o

Operator

— basic 66

— of deviation of particle velocity PDF from the
equilibrium Maxwellian
distribution 54

— differential XVI, 47

— of functional differentiation 40

— integral XVI

— of perturbation 69

— realizing a Maxwellian distribution 54

— second-order 46

Orientation vector 140
14

Pair collisions 137
Parameter

— characterizing the relation between heat and
dynamic inertia of particles 33

— of convergence rate of the iteration
process 41

— of interrelation between the effects of gravity
and turbulence on the collision
kernel 215

— of particle inertia 42

Particle collisions XV, 137

— acceleration mechanism of 139

— of bidispersed particles in homogeneous
anisotropic turbulent flows 217

— contribution to energy flux of the disperse
phase 138

— contribution to stress

— elastic 157

— frequency 23, 138, 209

— influence of particle clustering 197

— inelastic 158

— of inertialess particles 139

— influence on statistical characteristics of
the disperse phase in turbulent flows
164

138

— influence on turbulent stresses and particle
concentration 169
— intensity 138
— as Marcovian random processes 138
— of particles in anisotropic turbulent
flows 150
— probability density XVII
—radius 140
—rate 197
—role of 24
—in the distribution of relative concentration
along the channel axis 168
— solid sphere model analogy 138
— time interval between 24, 151
— velocity before and after 151
Particle interactions
— with bounding surface XIII
— with coherent vortex structures
— due to collisions XVI
— with each other XIII, XVI
— hydrodynamic XVI
— with turbulent eddies
— duration of 19, 23
—role of inertia 77
Particle motion
— non-correlated XVII
Particle pair
— concentration 177
- diffusion 177
— dispersion 5
— line of centers 151
— motion 109, 143
- PDF 141
— relative velocity 138, 142, 172, 177, 212
—in a turbulent continuous medium 177
Particles
— clustering 138
— in homogeneous and inhomogeneous
turbulent flows XVII
— in a vertical channel 107
— collisions of, see Particle collisions
— concentration distribution 90
— coordinates 11
— diameter 12
— diffusion XV, 48
— dispersion in isotropic stationary
turbulence 13
— displacement 5
— dynamic description based on the Langevin
equations for motion and heat
transfer XVI
— effective mean free path 23
—fluid 1
— generation and disappearance XIV

XIX

XIII, XVI, 137, 138



—heavy XII, XVII, 11, 14
— high-inertia XV, 29, 139
— boundary conditions 69
— collision kernel 145
— deposition factor 114
— kinetic equation for 56
— in the near-wall region 95
— velocity fluctuations 73
— viscosity 56
- incidence angle 63
—incident 68
— inertialess XV, 139
— boundary conditions for 69
— collision kernel 144
— collisions 139
— diffusion 56, 125, 200
— of the disperse phase 50, 125
— limiting case of 126
— interaction time tensor 20
— interaction with walls 62
—low-inertia XV, 146, 183
— migration across the channel 97
— moderately inertial 108
— monodispersed 138
— reflectred 63, 68
—size 11,138
— size spectrum  XIII, 108, 139
—small 139
— small solid spherical in turbulent flow
11
— spherical 12
— temperature 13
— thermal relaxation time 13
— transport via turbophoresis  XVII
— turbulent diffusion tensor 49
— velocity 12
Passive impurity XV, 50
Passive scalar 50, 51
— standard diffusion equation 51
PDF
— of incident particles 71
— of interparticle distances 183
— one-particle 46
— of a particle pair 142, 172, 200
— of fluid and particle velocities 137
— of fluid and particle velocities, two-
point 142
— of radial velocity distribution 211
— of reflected particles 71
— of relative radial velocity distribution 137
— of relative velocity 171
— of velocity distributions for a particle
pair 137, 210
Phase space 40, 46, 115

Subject Index

Phase transitions XIV

Physical space 15

Pneumatic transport of coal dust XIII

Point-force approximation 11

Polar angle 149

Polydisperse mixture of particles 209

Position vector 4

— of a fluid particle along its trajectory 1

— of a point on the particle trajectory 14

Prandtl-Karman constant 92

Prandtl number 126

—ofafluid 13

Pressure fluctuations 81

Probability density

— conditional 142

— dynamic, in the phase space of coordinates
and velocities 40

— function (PDF) 40

— of particle displacement 14

— of particle velocity 142

Pseudo-turbulence XVI

q

Quadratic model for Reynolds stresses in
single-phase turbulence 57
Quasi-Brownian component of disperse
phase’s kinetic energy 194
“Quasi-Brownian” components of particle
velocity field XVI
Quasi-homogeneous flow 41
Quasi-isotropic form 55, 129
Quasi-isotropic model 81
Quasi-normal Millionshikov hypothesis 49

r

Radial distribution function

— with the consideration of particle
clustering 196

— of low-inertia particles 183

— of particle concentration 180

Radius vector, see Position vector

Random

— configuration of particles 53

—field 14

— field of velocity and temperature fluctuations
of the continuous phase XIV

— Galilean transformation 47

Rarefied

— disperse media XV

—gas 139

Reflection coefficient 69

Region of high intensity of turbulent velocity
fluctuations  XVII

Relation between
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Subject Index

— Lagrangian and Eulerian correlation
moments 14
— Lagrangian and Eulerian time
macroscales 16
— Lagrangian and Eulerian time macroscales of
temperature fluctuations 25
— longitudinal components of a second-rank
tensor in a homogeneous isotropic
random field 14
— second single-point moments of temperature
fluctuations of the disperse and
continuous phase 32
— temperature and velocity fluctuations of the
disperse and continuous phase 33
— transverse components of a second-rank
tensor in a homogeneous isotropic
random field 14
—velocities of incident and reflected particles in
the case of a smooth wall 63
Relative (binary) diffusion
— coefficient 6
— in the viscous, inertial, and external
intervals 203
— tensor
— components for large values of time 6
— in the external interval 6
— of two fluid particles 5
Relative dispersion (diffusion)
— asymptotics of two particles in the inertial
spatial interval 185
— of inertial particles 200

— of inertialess particles 201
Relative motion of
— neighboring particles 138

— two particles in homogeneous isotropic

turbulence 171
Relative turbulent diffusion of particle
pairs 177

Relative velocity fluctuation intensities of
colliding particles 140

Relative velocity of

— colliding particles

— particle pair 142

— particles 139

— two particles at contact

Relaxation time XIV, 108

Response coefficient, see Involvement
coefficient

Reynolds number

— calculated using the Taylor microscale 3

— of the flow past a particle 12

—high 29

— moderate 29

Reynolds stress tensor of the fluid phase 1

151

140

Reynolds stresses, see Turbulent, stresses
Richardson’s law 200
Richardson-Obukhov constant
Root-mean-square value 15
Roughness parameter 63

204

s

Saffman-Turner kernel 144

Schiller-Neumann approximation 12

Second invariant of continuum velocity
gradient tensor 171

Second moment of velocity and temperature
fluctuations in a homogeneous shear
flow 132

Second-order

— differential (diffusion) operator 46

— differential model 50

— for hydrodynamics of the disperse

phase 52

— mixed correlation moments of velocity
fluctuations of the disperse and
continuous phase 53

Second-rank tensor in homogeneous isotropic
turbulence 4

Sedimentation rate 215

— in homogeneous turbulence XVII, 171

Segregation of inertial particles 171

Self-similar

—flow 76

— representation of the second order structure
function 8

— variable 95
Semi-empirical model
— of collisions 140
Semi-empirical relations XV
Separation of droplets and aerosol in

107

cyclones  XIII
Shear
— component of the collision kernel 150
—flow 39, 46, 74, 132, 160
— mechanism of particle collisions 139

—rate 74

Single-phase turbulent flow XIII

Single-point single-particle PDF = 39

“Slippage” of particles through turbulent
structures 200

Smoluchowski kernel 150

Solenoidal isotropic field 4

Spectral space 15

Spectrum of turbulent eddies XV

Spherical formulation of the collision
problem 140

Spontaneous nucleation XIV

Stationary suspension 180



Statistical
— behavior of particles 1
— description of a particle ensemble XVI
— method based on the kinetic equations  XVI
— method for modeling particle motion in a
turbulent flow 39
— microhydrodynamics XIX
— model of turbulent collisions
— models based on
— single-point PDF  XIX
— two-point PDF  XIX
— properties  XVI
Stokes number XVII, 18
— calculated using the Kolmogorov time
microscale 181
— characterizing particle inertia in relation to
the interval between collisions 24
— critical value for clustering 183
— determined using the Lagrangian time
macroscale 36
Stratanovich interpretation of the stochastic
integral 44
Structure function 5
— in the external interval 8
— mixed second-order, of fluid and particle
velocities 179
— third-order 8
— of fluid particle pair velocities
— transverse, expressed through the
longitudinal 9
Structure parameter of turbulence 16
System of equations
— continual, for average single-point
hydrodynamic characteristics of the
disperse phase 48
— continual, for the disperse phase on the level
of second-order moments 49
— describing motion of the disperse phase on
the level of third-order moments 49
— integral 40
— for moments 64
— for PDF of a particle pair in space 200
— for single-point statistical moments with the
consideration of particle collisions 152
— stochastic dynamic 183
— for turbulent stresses of the disperse phase
— in the equilibrium logarithmic layer 91
— in a homogeneous shear flow 74

140

178

t

Tangential stress 72

— with the consideration of the collisional
term 159

— fluctuational component 72

Subject Index

Taylor differential time scale of relative velocity
of two fluid particles 6

Taylor time microscale of velocity fluctuation
increment 9

Temperature

— fluctuations

— gradient 132

— as a random process

—response 120

— structure parameter 28

- time increment of 5

Tensor

— correlation, for the durations of velocity and
temperature fluctuations 132

— describing particle involvement in turbulent
motion 30

— of Lagrangian macroscales 76

— of mixed moments 52

— of particle—turbulence interaction times 76

— of particle-turbulence interaction times with
the consideration of collisions 162

— of relative turbulent diffusion of fluid
particles 178

— of relative turbulent diffusion of a particle
pair 177

— third-rank

— in isortopic turbulence 8

Test particle 138

Theory of

— Brownian motion 46

— invariants 59

Thermal diffusion

— vector components 123

— vector, of inertialess particles

Thermal inhomogeneity 12

Time evolution

— in a homogeneous shear layer 79

— of mixed correlation moments of velocity
fluctuations of the continuous and
disperse phases 79

— of particle turbulent stresses in a
homogeneous shear layer 79

Time scale

— anisotropy 78

— Taylor differential 3

Transition from Lagrangian to Eulerian
correlations 18

Transport

— diffusive 123

— of heat, see Heat, transport

— resulting from the non-stationarity of
turbulence 78

— turbulent 123

Transport equation 137, 173

123

115

125
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Subject Index

Transverse component

— of Eulerian two-point correlation function of
velocity fluctuations 141

— of relative diffusion of two fluid particles 7

- of second-rank tensor 5

— of turbulent stress 79

Transverse

— Eulerian spatial correlation functions 5

—structure function at small distances between
two points 140

— velocity fluctuation intensity of inertial
particles in the near-wall region 95

Triple correlation of

— transverse velocity 72

—transverse velocity fluctuations of high-inertia

particles 73
Turbophoresis  XVII, 171
Turbulence

— anisotropic 44
— component of collision kernel
— decaying 16
— frozen 147
- integral timescale XIV
— intermittency 6
—isotropic  XVIII, 1
— large-scale 1
— modeling by a Gaussian process 46
— modification of 39
— nonstationarity of continuum 77
— small-scale XV
— spatial microscale XIII
— time microscale XIV
Turbulent
— diffusion tensor 1, 28, 56
— diffusivity of an inertialess impurity 2
—eddies X1V, 45, 78, 137
— energy-carrying XV
— large-scale XVI
—energy 53,57
— balance equation 61
— dissipation XV, XIX, 139
— equation for the disperse phase 56
—ofafluid 28
— generation of 76
— heat flux 123, 129
— migration effect, see Turbophoresis
— momentum transfer 1
— Prandtl number of
— continuous phase 130
— disperse phase 130
— stress tensor 29
— stresses 50
— in the disperse phase 48
— influence of inertia 168

151

— influence of particle collisions 160
— tangential component 79
— transport 138
— diffusive 123
— in the disperse phase 49
—of heat 1,123
— viscosity coefficient
— for high-inertia particles 56
— of the continuous phase XIV
— of the disperse phase 56
— zone of constant fluctuation intensity 87
Two-fluid model XIV
Two-particle PDF 137, 152
Two-phase dispersed turbulent flow XIII
Two-point
— integral time scale of velocity fluctuation
increment of two particles 6
— PDF of a particle pair 172
— statistical model 194
— time scale in the external interval 9
Two-scale
— bi-exponential approximation 3
— bi-exponential dependence of the
autocorrelation function of velocity
fluctuations 3
Two-zone model 87

u

Unit matrix 32

Unit vector along the line of centers of a particle
pair 151

Unit vector parallel to the drift velocity 16

v

Variance 15

Variation of acceleration fluctuations 35

Variation of particle temperature in a turbulent
field 115

Velocity

— correlated component XVI

— distribution of particles moving toward the
wall and away from the wall 71

— field of a continuum 39

— field of particles XVI

— fluctuation gradient 7

— fluctuation gradient tensor 7

— gradient 42

— mean-square, of a particle at the wall 71

—of shear 139

—ofslip 14

— spatial increment 5

— of turbulent fluid, as a random process 40

Vertical pipes and channels 107, 164

Virtual mass 11
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Viscous w

—interval 144, 203 Wave-particle duality in the microworld XV
— spatial interval 6 Weighted sum 64

— sublayer 64 White noise 46

— sublayer with zero fluctuation intensity Wiener random process 47

87






