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absolute pressure, 10, 11, 14, 16
absolute stress (tensor), 10
active particles, 214

aerosol, 1

anisotropy, 151, 153, 171
anti-Weissenberg effect, 167
antisymmetric tensor, 29, 42
asymptotic expansion, 79

binomial distribution, 115

blood flow, 183

body (or volumetric) force, 16

Boltzmann constant, 116

Boltzmann distribution, 118, 120, 175

boundary conditions, 11, 23, 33, 35, 39,
51, 52, 78, 97, 107, 178

boundary integral, 82

boundary integral method, 80-82, 216

boundary layer, 141, 171-173, 179, 194

Boycott effect, 139, 149

Brownian diffusion, 117

Brownian force, 120, 121, 170

Brownian motion, 2, 99, 100, 113, 114,
116-118, 144, 162, 166, 174, 178,
180, 184, 190, 191

Brownian stress, 169, 170

bulk flow modeling, 215, 216

bulk stress, 107, 168, 180, 189

buoyancy force, 13-15, 127

Cauchy momentum equation, 187

channel Poiseuille flow, 201, 202, 205

chaotic dynamics, 123, 132, 134, 183,
184

close pair interactions, 4, 84, 124, 169,
184

closed streamline, 209

closed trajectory, 161, 178, 209

cloud, 132, 141

cluster, 132, 141, 153, 200

collective motion, 5, 124, 127, 133, 135,
153, 192

colloidal suspension (or dispersion), 2,
99, 106, 112, 163, 166, 177

compressibility, 39

conditional probability, 110, 135, 160,
161, 170, 174

cone-and-plate flow, 185, 189

configurational average, 109

conservative force, 169

constitutive law, 164, 180, 215

contact force, 164, 166

continuity equation, 9, 35, 51, 96, 140

continuous random walk, 116

continuum modeling, 135, 140, 187, 215,
216

correlation function, 110

Couette flow, 185

Coulombic force, 111, 169

cube, 69, 73

cylinder, 50, 195

deformability, 80, 156, 180, 213

diffusion, 113, 114, 116, 117, 170, 183

diffusion equation, 116

diffusivity, 116, 118, 122, 174, 176

Dirac delta function, 55, 121

director, 75, 76, 79, 190, 191

discrete random walk, 114

discrete-particle simulations, 215

disturbance flow, 30, 79, 86, 88, 90, 127,
135, 192

divergence theorem, 23, 24, 26, 44, 159

double layer potential, 59
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drafting, kissing, and tumbling, 200

drag coefficient, 195

drag force, 13-15, 21, 40, 43, 51, 61-63,
70-72, 84, 89, 91, 121, 132, 195,
196, 205

drift velocity, 80, 88, 128

drop, 51, 132

dyad, 35

dynamic pressure, 14, 15

dynamic stress tensor, 15

dynamic viscosity, 10

effective viscosity, 133, 164, 181, 182

Einstein viscosity, 43, 157, 159, 160,
166, 168, 211

electrical impedance tomography (EIT),
215

electrostatics, 58, 59

ellipsoid, 71, 72, 74, 82

emulsion, 1

energy dissipation, 22, 67, 72, 157, 195

ensemble, 107, 108, 117

ensemble average, 107-109, 157, 158,
160

equilibrium, 106, 111, 118-121, 170, 175

equipartition principle, 116, 121

ergodicity, 108

Escherichia coli, 74

excluded volume, 110, 112, 135, 171,
173, 175, 179

far-field interactions, 3, 84, 101, 102

Faxén laws, 45, 46, 48, 87, 89, 159, 160

fiber (or rod), 5, 26, 37, 66, 72-74, 82,
129, 153, 154, 164, 190

finite element, 216

finite-size effects, 46, 55, 57, 197, 216

first moment of force distribution, 42, 45

flagella, 74

fluctuation—dissipation theorem, 119,
121

fluctuations, 116

Fokker—Planck equation, 116, 120

force density, 79, 83

force- and torque-free motion, 89, 90, 92

fore—aft symmetry, 36, 179, 183, 192,
198, 209, 211

Fourier transform, 113

friction, 169

gamma ray, 215
Gaussian distribution, 115
gradient diffusivity, 122, 149

grand mobility matrix, 101

grand resistance matrix, 66, 101
granular media, 1

gravity force, 14, 41, 53, 83, 84, 99, 127
Green’s function, 55, 59, 195

Green’s second identity, 21
Green—Kubo integral, 183

hard sphere, 111, 113, 162, 164, 166,
169, 171, 178

harmonic functions, 21, 31, 33, 38, 39,
50

helix, 74

hindered settling function, 136138, 148

hindrance, 136, 147, 149, 154

hydrodynamic diffusion, 143, 144, 149

hydrodynamic force, 43, 61-63, 89, 91

hydrodynamic interactions, 86, 99, 127,
132, 134, 138, 161, 174, 176

hydrodynamic renormalization, 161

hydrodynamic stress, 168

hydrostatic pressure, 13, 14, 141

hyperbolic wave equation, 146, 149

incompressibility, 9, 11, 141

index matching, see refractive index
matching

inertia, 5, 33, 180, 192, 193, 197, 198,
202, 211, 215

inertial screening length, 196

instability, 134, 135, 151-154, 211, 214

instantaneity, 20

integral representation of Stokes flow, 3,
53, 59, 60, 62, 78, 80

interparticle force, 41, 99, 101, 163, 178,
182, 184

interparticle stress, 169

interphase force, 188

intrinsic convection, 139, 142

irreversibility, 4, 99, 123, 155, 180, 182,
185

isotropy, 68, 69, 73, 114, 211

Jeffery orbits, 75-78, 190

kinematic viscosity, 12
kinematic wave equation, 146
kinetic energy, 22, 121
kinetic theory, 169

Krieger correlation, 156, 181
Kronecker delta, 11

Langevin equation, 100, 120, 121
Laplace equation, 21, 33
lateral force, 206, 207
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lateral velocity, 206, 207

lattice-Boltzmann method, 216

lift force, 26, 205

light scattering, 112

linear flow, 62, 166

linearity, 16, 53, 59, 62, 63, 85, 88, 98,
183

long-range interactions, 3, 4, 93, 124,
127, 132, 135, 138, 161, 169, 183

lubrication, 3, 87, 93, 95-98, 101, 102

Lyapunov exponent, 123, 132, 184

magnetic resonance imaging (MRI), 215

many-body interactions, 4, 127, 132,
134, 135, 138

Markov stochastic process, 114

mass conservation equation, 187

matched asymptotic expansions, 192,
194, 196, 204

mean interparticle spacing, 144

mean sedimentation velocity, 135, 136,
144, 148

method of reflections, 3, 86, 87, 90, 101,
128, 160

microfluidics, 204

microhydrodynamics, 3, 9, 105, 192

microstates, 108, 109

microstructure, 106, 110, 112, 123, 139,
155, 164, 166, 170, 171, 173,
175-177, 183, 184, 190

migration

flux, 189
shear-induced, 4, 155, 167, 182,
184-186

minimum dissipation theorem, 21, 22,
70, 72, 195

mixture flow, 189

mixture rheology, 43

mobility, 3, 4, 67, 74, 82, 85, 86, 88, 91,
102, 119, 216

molecular diffusion, 18

molecular dynamics, 99, 101

momentum equations, 9, 22, 44, 97,
140-142, 187, 188

multiphase flow, 155

multipole (expansion or representation),
58, 60, 62

N-body distribution, 174

N-body probability distribution, 109

Navier—Stokes equations, 2, 3, 9, 16, 23,
194, 209

near-field interactions, 3, 101, 102

neutral buoyancy, 185, 209

Newton’s laws of motion, 100

Newtonian fluid, 10, 165

Newtonian rheology, 161

no-slip condition, 11, 97, 141

non-colloidal suspension, 166, 167, 173,
180, 182

non-Newtonian fluids, 4, 214

non-Newtonian rheology, 4, 155, 161,
170, 191, 212

non-linearity, 4, 123, 146

non-sphericity, 5, 26, 80, 151, 214

normal stress, 164, 167

normal stress differences, 164-167, 170,
177, 180, 181, 187, 189, 191, 212

normal stress viscosity, 182

numerical solution, 80

open trajectory, 209

Oseen equations, 194, 198
Oseen flow, 197, 199

Oseen wake, 198-201
Oseen—Burgers tensor, 81
Oseen—Burgers tensor, 55, 58
osmotic pressure, 167

Péclet number, 117, 162, 163, 165-167,
171, 176, 180, 182, 191

pair correlation, 173, 177

pair distribution function, 110, 111, 113,
170, 172, 173, 175

pair interactions, 84, 89, 101

pair probability distribution, 160, 170,
171

pair trajectory, 177-179

parabolic velocity, 97

parallel plate torsional flow, 185, 189

particle contact, 98

particle image velocimetry (PIV), 145,
154, 215

particle pressure, 166, 167, 180, 181

particle Reynolds number, 5, 193

particle shape, 214

particle tracking velocimetry (PTV),
137, 142, 143, 154, 215

particle trains, 203

particle volume fraction, 136, 166—168,
171, 182

particle-laden flow, 192, 216

particulate flow, 5

point force, 53, 55, 60, 78, 131, 135, 140,
141, 154, 197, 216

point stresslet, 55, 57, 60
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point torque, 55-57, 60, 62

Poiseuille flow, 20, 47, 142, 185, 186, 205
Poisson equation, 21

polydispersity, 5, 149, 151, 214
potential energy, 169

potential of mean force, 175
pressure-driven flow, 16, 201, 202, 204
probability distribution, 108

prolate ellipsoid, 74

pseudo-vector, 29, 31, 43

radial distribution function, 111

random force, 120

random walk, 114-117, 123, 143, 183

rate of rotation (tensor), 28, 75

rate of strain (tensor), 11, 28, 75, 157,
160, 165

rate dependent rheology, 182

reciprocal theorem, 25, 46, 60, 65, 66

red blood cells, 56, 149, 155, 213

refractive index matching, 137, 142,
143, 215

regular perturbation, 205

relative velocity, 174, 176

resistance, 3, 4, 62, 64, 65, 74, 82, 83,
86, 90, 91, 98, 167, 191, 216

reversibility, 3, 17, 83, 88, 99, 128, 183,
184, 202

Reynolds number, 2, 3, 12, 16, 30, 127,
185, 192, 193, 198

Reynolds stress, 212

rheology, 5, 37, 43, 155, 161, 177, 180,
184, 190, 192, 211, 216

rheometer, 185

Richardson—Zaki correlation, 137, 148

rigid particle, 9, 158

rod-climbing, 168

rod-dipping, 167, 168, 187

rotary diffusivity, 191

rotational flow, 28, 30, 47, 176

rotational motion of a particle, 30, 72,
91

rotlet, 56

roughness (surface), 98, 179, 184

sedimentation, 4, 5, 12, 13, 16, 26, 35,
37, 53, 80, 84, 90, 99, 117, 127, 135,
149, 183, 192, 198

sedimentation front, 146, 148, 149, 154

self-diffusion, 183

self-diffusivity, 123, 144

self-sharpening, 147, 149

shear flow, 4, 5, 27, 28, 47, 62, 75, 84,

89-91, 93, 94, 98, 99, 106, 117, 120,
155, 160-162, 165, 166, 169-173,
176, 178, 182, 183, 191, 192, 201,
205

shear rate, 162, 164, 170, 186

shear-thickening, 161, 163, 170, 180, 212

shear-thinning, 163, 164, 170, 182

shear-induced diffusion, 155, 182, 183

shear-induced migration, 4, 155, 167,
182, 184-186

shock, 147

short-range force, 166, 183

simulation, 99, 108, 139, 166, 167, 200,
215

single layer potential, 59

singular perturbation, 192, 204

slender-body theory, 3, 74, 78, 83, 154

sliding-block problem, 95

slip, 4, 142

Smoluchowski equation, 113, 118, 120,
170, 173-175, 179, 191

solid angle, 52

solid-body rotation, 42, 48, 50

sphere, 11, 13, 28, 30, 33, 37, 43, 46, 47,
52, 53, 55, 56, 68, 84, 86-89, 93, 95,
109, 127, 138, 196

sphere in shear flow, 47

spherical (solid) harmonics, 34, 58

squeezing flow, 93-95, 98, 169

standard deviation (root-mean-square),
115, 144

statistical homogeneity, 108

statistical mechanics, 105

statistical physics, 4, 105-107, 113, 155

Stirling’s formula, 115

stochastic processes, 4, 105, 106

Stokes drag, 127

Stokes drag force, 144

Stokes drag law, 41, 44, 45, 67, 68, 84,
86, 98, 196

Stokes equations, 9, 13, 16, 20, 21, 24,
31, 53, 55, 88, 123, 197

Stokes equations (homogeneous), 14, 16,
23, 24

Stokes flow, 3, 5, 23-25, 30, 33, 53, 59,
100, 128, 155, 157, 166, 168, 182,
184, 190, 192, 198, 202

Stokes number, 13, 15

Stokes sedimentation velocity, 69, 128,
136-138, 149, 151

Stokes—Einstein relation, 118, 119, 122
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Stokesian Dynamics, 4, 99, 101, 130,
166, 167, 173, 184, 185, 216

Stokeslet, 53, 55, 58, 61, 62, 79, 131,
135, 193, 197

straining flow, 28, 30, 37, 43, 47, 56, 90,
91, 157, 160, 161, 176

streamlines, 36

stress (tensor), 10, 155, 157, 158

stresslet, 42, 43, 45, 56, 61, 62, 90, 101,
157, 160, 168, 169, 191, 211, 212

structure, 135, 139, 142

structure factor, 113

superposition, 3, 16, 30, 83, 88

surface force, 180

suspension, 1, 2, 105-107, 117, 118, 122,
127, 140, 155, 161, 170

suspension balance model, 189

suspension viscosity, 155, 156

symmetry, 3, 36, 73, 83, 90, 128, 192

symmetry of resistance, 65

Taylor expansion, 61

thermodynamic force, 119, 120, 170

thermodynamics, 106

thixotropy, 164

three-body problem, 129

time average, 108

time-dependent rheology, 161

torque, 41-43, 45, 52, 61, 62, 89, 91, 92

translational flow, 28, 33, 47, 51, 62, 67

translational motion of a particle, 30,
79, 91

transport properties, 113

tubular pinch (inertial migration), 5,
201, 202

turbulence, 212, 215, 216

two-dimensional flow, 195

two-fluid equations, 189

two-fluid model, 187

two-particle probability distribution,
109

two-phase flow, 2

two-phase flow modeling, 187

uniqueness, 21, 31
unit alternating (Levi-Civita) tensor, 29

van der Waals force, 98, 111

variance, 115, 116

velocity autocorrelation function, 122,
144, 183

velocity fluctuations, 143, 144, 212

viscosity, 10

volume average, 108, 157, 158

vorticity, 21, 29

wake, 198

wake (microstructural), 171, 172, 179
Weissenberg effect, 167

white noise, 121

Whitehead paradox, 194

X ray, 215
yield stress, 163

zero-shear viscosity, 163
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