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Acceleration 11
Alveograph, 261
Angle of friction, 70
Annular shear cell, 226
Atterberg limits, 267

Bagnold number, 68
Boundary conditions, 15
Buoyancy force, 186

Capillary flow. See also Conduit flow
velocity profile, 161, 164, 166
viscometric flow, 38
wall slip, 104

Coefficient of friction, 69, 71, 225, 227
Collisional regime, 68, 72
Compression flow, 239
Conduit flow. See also Capillary flow

granular material, 234
paste, 268

Cone and plate flow
continuum regime, 123
viscometric flow, 33
wall slip, 103

Configuration, 10, 42
Constitutive equation

from one velocity profile, 168
from a set of velocity profiles, 170
general, 16
granular material, 56, 57
granular paste, 74
Herschel–Bulkley model, 163
paste, 22, 56
physical origin, 17
power-law model, 161
truncated power-law model, 164

Continuum assumption, 6
continuum regime, 120
discrete regime, 121, 127

Continuum regime, 120
cone and plate, 123
Couette flow, 122

Cosmetics, 279
Couette flow

continuum regime, 122
granular material, 224
velocity profile, 161, 163, 166
velocity profile reconstruction, 161
viscometric flow, 35
wall slip, 102

Coulomb model, 69, 70
granular flow, 223
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Coulomb model (continued )
practical test, 271

Cracking, 144
Creep tests, 83, 112, 177

thixotropy, 275
Critical angle, 207
Critical deformation, 61
Critical depth

inclined plane test, 265
granular material, 230
paste, 207
paste thixotropy, 278
spreading of a granular material, 274

Critical shear rate
apparent behavior of pastes, 121
flow curve of pastes, 63
lever rule, 119
plateau in flow curve, 111
shear banding, 116
truncated power-law model, 164

Critical state, 71, 241

Debris flows, 280
Deformation, 10

critical, 61
Density, 8
Destructuring, 65
Deviatoric stress tensor, 23
Discrete regime, 121, 127
Displacement of an object, 186. See also Drag

force
through granular material, 242
through paste, 251, 253, 277

Drag force, 186
Newtonian fluid, 188, 189
yield stress fluid, 188, 190

Drilling fluids, 282
Drying, 135

countermeasures, 139
paste, 136
rate, 138
regimes, 136, 138

Dynamic tests, 86, 90

Elastic modulus
generalized, 83, 87
Kelvin–Voigt model, 59

Elementary volume (or part), 6
Elongational regime

slump test, 258
squeeze flow, 198

Energy conservation, 15
Ericksen gauge, 266
Evaporation, 133

Fingering
spreading flow, 215
stretch flow, 202

Flow curve
decreasing, 111, 128
determination, 91
of paste, 62
plateau, 108

Foodstuffs, 278
Force, 12
Fresh concrete, 283
Friction, 53

angle of, 70
coefficient, 69, 71, 225, 227

Frictional regime
granular material, 68, 69
granular paste, 74

Froude number, 216

Glues, 283
Granular material, 2, 4, 42

annular shear cell, 226
coefficient of friction, 69, 71, 225, 227
compression flow, 239
conduit flow, 234
Couette flow, 224
critical state, 241
frictional regime, 68, 69
heap, 227, 229
inclined plane flow, 229, 274
Jenike cell, 271
maximum angle of repose, 227
Mohr–Coulomb representation, 240
rheological behavior, 56, 67
rotating drum, 273
shear box, 271
triaxial test, 240, 271

Granular paste, 2, 42, 73
frictional regime, 74
inclined plane flow, 243
liquefaction, 244

Herschel–Bulkley model, 63, 163

Inclined plane flow
average velocity, 31
critical angle, 207
critical depth, 207
granular front, 232
granular material, 229, 274
granular paste, 243
roll waves, 215
spreading, 208, 210, 265
uniform flow, 207
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velocity profile reconstruction, 182
viscometric flow, 28

Inertia effects, 147
Instability

decreasing flow curve, 112
spreading flow, 215
squeeze flow, 202
stretch flow, 203

Interaction
bubbles or droplets (between), 51
collision, 53
colloidal, 49
friction, 53
general, 42
hard, 57
hydrodynamic, 44, 45
lubrication, 51
soft, 55
solid particles (between), 51

Interstitial fluid, 42
Invariants, 19

Jenike cell, 271

Kinetic momentum theorem, 14

Lahars, 280
Laminar flow, 16
Lavas, 279
L-box

granular material, 273
paste, 263

Leighton number, 68
Lever rule, 119
Liquefaction, 244
Liquid regime, 60, 62

thixotropy, 93
Localization, 108
Local rheometry, 153
Lubricational regime

granular paste, 77
squeeze flow, 194

Magnetic resonance imaging (MRI),
156

resolution, 159
shear-banding, 119
velocimetry, 157

Mass conservation, 13
Material (definition), 5
Maximum angle of repose, 227
Maximum packing fraction, 43
Migration, 141
Mining slurries, 281

Momentum equation, 14
MRI, see Magnetic resonance imaging

Newtonian fluid, 44
conduit flow, 238
drag force, 188
squeeze flow, 196

NMR, see Nuclear magnetic resonance
Nonviscometric flow, 185. See also

Viscometric flow
displacement of an object, 186
spreading or coating flow, 206
squeeze or stretch flow, 193

Normal stress difference, 25
cone and plate, 35
parallel disk, 33

Nuclear magnetic resonance (NMR), 154

Paints, 284
Ericksen gauge, 266

Parallel disks, 31
annular shear cell, 226
wall slip, 103

Paste, 2, 4, 42. See also Soft-jammed system
hydrodynamic regime, 58
pasty regime, 56, 58
rheological behavior, 22, 56

Penetrometer, 247. See also Displacement of an
object

Pharmaceutics, 279
Phase separation, 140
Plasticity, 62
Plateau in flow curve, 108. See also

Shear-banding; Viscosity bifurcation
Potential well, 58
Pressure, 23, 25

coating flow, 214
conduit flow of pastes, 270
granular paste flow, 243
spreading flow, 209
squeeze flow, 196, 198, 201, 202

Preshear, 82

Relative configuration gradient, 11
Restructuring, 65
Reynolds number, 148
Rheometry

experimental problems, 81
local, 153
nonviscometric flows, 185
practical, 246
viscometric flows, 27

Roll waves, 215
Rotating drum, 273
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Saffman–Taylor instability, 204
Scissometer, 272
Sedimentation, 140, 143. See also

Displacement of an object
Segregation, 142
Sewage sludges, 281
Shear banding, 116. See also Critical shear

rate; Plateau in flow curve; Viscosity
bifurcation

detection, 125
extreme localization, 127
lever rule, 119
paste rheometry, 120

Shear box, 271
Shear rate, 24

apparent, 102, 103
critical, 63, 119
heterogeneity, 95

Simple fluid, 4, 20, 21
simple shear, 24

Simple material, 18
Simple shear, 23

jammed systems, 26
simple fluid, 24

Slip layer, 99, 101
Slip velocity, 97, 101
Slump test, 257
Snow, 281
Soft-jammed system, 2. See also Paste

constitutive equation, 22
Solids, 20, 21, 22
Solid-liquid transition

creep tests, 85, 88
dynamic tests, 90
yielding, 60
yielding criterion, 61
yield stress, 61, 63
yield stress fluid, 22

Solid regime
experimental procedure, 83
penetrometer, 248
thixotropy, 93
viscoelasticity, 59, 180

Spreading flow, 206
consistometer, 263
Ericksen gauge, 266
inclined plane flow, 265
spin-coating, 212
surface tension effect, 218

Squeeze flow, 193
band squeezing, 256
dihedral, 200
elongational regime, 198
fingering, 202

fracture, 202
imperfect squeeze test, 255
lubricational regime, 194
Newtonian fluid, 196
slump test, 260
squeeze test, 254
yield stress fluid, 197

Stability (of a colloidal suspension),
50

Stokes number, 68
Strain rate tensor, 12
Stress ramp, 89

reconstruction, 177
Stress tensor, 13

granular paste, 74
paste, 63, 136

Structure parameter, 64
Surface tension

paste, 132
simple liquids, 130
spreading flow, 218

Temperature, 9
viscous dissipation, 145

Texture, 278
Thixotropy, 58, 64, 93

creep test, 275
displacement of an object, 277
spreading flow, 277
squeeze flow, 277
viscosity bifurcation, 115

Triaxial test, 240, 271
Turbulence, 10, 16, 148

Vapor density, 134
Velocimetry, see Magnetic resonance imaging
Velocity, 11
Velocity gradient tensor, 11
Velocity profile

capillary flow, 161, 164, 166
Couette flow, 161, 163, 166
reconstruction, 173
rheological interpretation, 160, 168
scaling, 170
wall slip, 181
yield stress fluid, 180

Viscometric flow, 4, 23, 26, 27. See also
Nonviscometric flow

Viscoplasticity, 60, 62
Viscosity

apparent, 25
bifurcation, 66, 108, 111, 115. See also

Critical shear rate
Newtonian, 44
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solid regime, 83
suspension, 46

Viscous dissipation, 146
Viscous modulus, 87
Volume fraction, 9, 43

maximum packing fraction, 43

Wall shear stress, 29
granular flow, 232
roll waves, 217
Saffman–Taylor instability, 205

Wall slip
capillary, 104
cone and plate, 103
Couette flow, 102
layer, 99, 101
parallel disks, 103
physical origin, 97

velocity, 97, 101
velocity profile, 181
yielding, fracture, 105

Yield stress, 61, 63
apparent, 67, 247
practical tests (determination from), 247
viscometry flow (determination from), 88

Yield stress fluid, 22
critical depth, 207
drag force, 188, 190
Herschel–Bulkley model, 163
power-law model, 161
squeeze flow, 197
truncated power-law model, 164
velocity profile, 180
yielding criterion, 61


