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tions of, 471-74
Orthonarmal basis vectors, 455
Ostwald-de Waele (power-law)
model, 229-31

Outer (cross) product of vectors,
16, 17, 26-28

Farallel disks, drag flow betwesn,
397401
Parallel plates
drag flow berween, 77-84
Poiseuille flow between, #4-89
torsional flow between, 94-95
Partial differential eguations
(PDEz), soluticn by
similarity transformation,
46062
Permittivity
of free space, 423
relative, 496
Permutations
cyelic, 27
evenfodd, 432
Phase velocity, 497
Physical components of lensors
and vectors, 344, 455
Planar elongational flow, 121-22
Planar elongational stress growth
coefficient, 162
Planar step elongational relaxation
modulus, 164
Planes, projection of, 469-70)
Flates, cone and plate drag flow,
401-5
Poiseuille Qow
combined drag and Poiseuille
flow through slits, 24247,
24849
of GLVE fluids in tubes, 285-88
between parallel plates, 8489
power-law GNF in tubes,
23642
in tubes, §9—94
Polar decomposition, 313-15,
455-56
Polarization of anisotropic and
isptropic media, 423
Polymeric constitutive models.
See Constitutive eguations,
molecular approach—
polymeric constitutive
madiels
Polymer melts
reptation theories, 375-76
temporary network model,
IT2-74
Polymer solutions, elastic
dumbbell model, 376-78
Positive definite tensors, 456
Power-law (Ostwald-de Waele)
maodel, 229-31
Poynting vector, 497-99
Pressure, equivalent, 92, 452
Pressure-driven flow in tubes,
23642
Principal axes, 424, 474
Principal frame, 474
Principal values, 474-78

D 0

Process modeling, 9-11
Projection of planes, 469-70
Pseudoplastic fluids, 456

Rate of strain, 109-10
Rate-of-strain tensor, 75, 257
Reciprocal basis vectors, 34041
Recoil function, 147
Recoil strain, 146
Recoverable compliance, 147
Recoverable shear, 147
Recoverable shear strain, 146
Refractive index, 49697
Reiner-Riviin fuids, 456
Eelative permittivity, 496
Relaxation modulus, 152, 271-T2,
358-59
Relaxation time, 7, 140, 356, 436
Reptation theories, 375-T6
Retardance, 425
Retardation time, 356, 456
Reynolds’ transport theorem
(Leibnitz formula), 54-55,
456
Fheology
definition of, 1
as spectroscopy, 8-9
Rheometers
cone-and-plate, 401-3
Meissner, 412-13
metal-belt elongational
rheometer (MBER), 414
parallel-disk, 397401
Rheometery, definition of, 382
Rheopectic fluids, 456
Rheopexy, 456
Right-handed coordinates, 16
Rivlin-Sawyers eguation,
factorized, 364, 494
Eotational viscometer, 106
Rouse regime, 174
Eubber-elasticity theory, 370-72

Rubbery plateau, 191

SAQE (small-amplitude oscillatory
elongation), 164—66

SAOS (small-amplinede cecillatory
shear), 137, 153-59

Scalar product of tensors, 34

Scalars, 13-14

gradient of, 4334
Laplacian of, 47

Second normal-stress coefficient,
133

Second normal-stress decay
coefficient, 140

Second normal-stress difference,
128

Second normal-stress growth
coefficient, 138

Second normal-stress step shear
relaxation medulos, 152

Second-order fluid equation, 456

Second planar elongational
viscosity, 160
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Separahle constitulive equations,
278
Sharkskin, 172, 176
Shear, recoverable, 147
Shear components, 113
Shear creep, 137, 141-50
Shear creep compliance, 145-46
Shear flow. See also Elongational
flovws
hirefringence in, 429-34
capillary flow
entrance and exit effects-
Bagley correction, 393-94
introduction to, 383-54
shear rate in, 387-92
shear stress in, 384-87
wall slip, 39497
comparison of experimental
features, 410
definition of, 132, 134
drag flow
cone and plate, 401-5
Couette geometry, 405-9
betwesn parallel disks,
397401
introduction te, 134, 383
simple, 106-12, 122-25_ Spp
also Simple shear-free
(elongational) fAows
steady, 134-36, 137
chain architecture, 176-§1
gencral effects—linear
polymers, 169-7T
limits on measurements—
instability, 171-74
mixtures and copolymers,
181-8%
molecular weight and
molecular-weight
distnbution, 174-76
temperature and pressure
effects, 188-90
summary of steady shear
rheological quantities, 408
unsteady
introduction to, 136-37
large-strain, 20614
shear creep, 137, 141-50
shear-stress decay, 137,
140-41
shear-stress growth, 137-40
small-amplimde oscillatory
shear (SA0S), 137, 153-59
small-strain. $ee Small-
strin unsteady shear
flow—S5A0S and siep
straim
step shear sirain, 150-52
Shear rate, 109-10
apparent, 456-57
in capillary flow,
38792
Shear-rate tensor, 268
Shear strain, 142

recoverable, 146
step, 150-52
Shear stress
in capillary flow, 384-87
wall, 457
Shear-stress decay, 137, 140-41
Shear-stress decay coefficient, 140
Shear-stress growth, 13740
Shear-stress growth coefficient,
138
Shear-thickening, shear-thinning
and, 24
Shear-thickening (dilatant) Auids,
230, 450
Shear-thinning and shear-
thickening, 2—4
Shear-thinning materials, 230
Silly Putty, 6=7
Similarity transformation, 46062
Simple fluids, 457
Simple Maxwell models, 263-73
Simple shear flow, 106-12, 122-25
Simple shear-free (elongational)
flevws
biaxial stretching flow, 119-21
introduction o, 112-13
planar elongational Aow, 121-22
uniaxial elongational
{extensional) flow,
11319
Singularmoensingular matrices and
tensors, 457
Siphon effect, 10
Slits, combined drag and Poiseuille
flow through, 242-47,
24849
Slump test, 457
Small-amplitude oscillatory
elongation (SAQE),
16466
Small-amplitude oscillatory shear
(SA08), 137, 153-59
Small-strain unsteady elongutional
flow, 215-16
Small-strain unsteady shear
Alow—SA0S and step
sirain
general effects—linear
polymers, 191-93
introduction e, 190-91
material effects, 193-97
lemperature effects—time-
lemperatire superposition
(TTS), 197-206, 458
Solid mubber, affine deformation
of, 372
Specific interactions, 457
Specific viscosity, 459
Spectroscopy, rheology as, §-9
Spherical coordinates, 49, 50,
32-53
contimuity equation in, 49-52
differential operations in,
465-66

Incex 543

equation of motion (EOM) in,
467, 468
finite deformation tensors in,
471
Mavier-Stokes equation in, 468
Spurt flow, 457
Squeezing, lubricated, 416-17
Sndhar's apparatus, 413-15
Stagnation flows, 418
Stagnation point, 114
Standard Qows
introduction to, 1156
measuring stresses in, 126-28
simple shear flow, 106-12
simple shear-free (elongational)
flovars
biaxial stretching flow,
11921
ntroduction ta, 112-13
planar elongational fow,
121-22
uniaxial elongational
(extensional) flow, 113-19
SLUess tensoT in
elongational fow, 125-26
introduction to, 122
simple shear fow, 122-25
Steady elongational Aow, 159632,
214-15
Steady shear flow, 134-36, 137
chain architecture, 1 76-81
general effects—linear
polymers, 169-71
limits on measurements—
instability, 171-74
mixiures and copolymers,
18188
maolecular weight and molecular-
weight distribution, 174-76
temperature and pressure effects,
18850
Steady-state compliance, 146
Step elongational strain, 16364
Step shear strain, 150-52
Storage compliance, 136
Storage modulus, 155-56, 158-39,
166
Strain. See aise Finite strain
MedAsures
elongational, 161
Hencky, 161, 453
rate of, 10610
recoil, 146
shear, 142
step elongational, 163-64
ultimate recoverable
elongational, 163
Strain tensors, 314, 329, 480
Finger, 164
Siress constitutive equation, 73
Stress continuity, 83
Stresses
convected coordinates and,
34745
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Index

first-normal-stress difference,
127

mesasuring, in standard flows,
12628

normal, 113

second-normal-stress difference,

128
yield, 4
Stress growth, elongational, 162
Stress-optical law, 426-28
Stress tensor
extra, 72
in standard flows
elongational flow, 125-26
introduction to, 122
simple shear flow, 122-25
total, 69, 126
Swretching flow, biaxial, 119-21
Substantial derivative, 55-56
Summation convention. See
Einstein podation
Surfaces of constant phase, 497
Susceptibilities, principle, 503
Susceptibility tensor, 50
Symmetric {Dirac) delta function,
I58-59, 449
Symmelric tensors, 39

Temparary network model,

3T2-74
Tensile-testing machine, 106
Tensors

antisymmetric, 39-40

Cauchy, 313-27

Cauchy-Cireen stretch, 315, 447

contravariant coelficients of,
348

contravariant convected
components, 448

contravariant transformations
of, 479-83

covanant coefficients of, 348

covariant components of, #48

covariant transformations of,
453417

curl of, 448

definiion of, 20

deformation-gradient, 309-13,
314, 349-30

determinant of, 42

deviatoric stress, 450

dielectric, 500

differential operations with,
4248

displacement gradient, 264

divergence of, 46, 450

dyad (dyadic product), 30

Einstein notation for, 34-37

exira stress, 72, 432

Finger, 313-27

finite deformation, 470-71

identity, 39

nfinitesimal strain, 264

integral theorems

Gauss-Ostrogradskii
divergence theorem, 5354
Leibnitz formula Reynolds®
transport theorem), 54-55,
456
substantial derivative, 535-56
introduction to, 30
invariants of, 40, 42, 453-54
inverse deformation-gradient,
311
inverse of, 41-42
linear vector functions as, 37-38
magnitude of, 39
order of, 41
orthogonal, 315, 455
physical components of, 435
positive definite, 436
principal axes of, 424
rate-of-strain, 75, 257
rules of algebra. See also
Multplication of tensors
addition, 30-32
dot product, 32-34
introduction to, 30
scalar product, 34
shear-rate, 268
singular/nonsingular, 457
strain, 314, 329, 489
Finger, 164
stress, See Stress tensor
susceptibility, 501
symmedric, 39
trace of, 40
transpose of, 34-33
zero, 39
Terminal zone, 191
Thermorheological complexity,
457
Thixotropic fluids, 457
Time-strain factorability, 457-58
Time-temperature shift factors,
458
Time-temperature superposition
(TTS), 197-206, 458
Torsional flow between parallel
plates, 9498

- Torsienal oscillatory viscometer

measurement of SACQS material
functions, 293-95
velocity profile caloulation,
28893
Total stress tensor, 69, 126
Trace of tensors, 40
Traction vector, 458
Transpose of tensors, 34-35
Triple product of vectors,
341
Trouton ratio, 214, 331, 458
Trouton viscosity, 214, 458
TTS (time-tcmperature
superposition), 197—
206, 458
Tubes
Poisenille flow in, 89594

S

Poiseuille flow of GLVE fluids
in, 28588

Poisenille flow of power-law
GNF in, 23642

pressure-driven flow in, 236-42

Ultimate recoil function, 147
Ultimate recoverable elongational
strain, 163
Uniaxial elongational flow, 113-19
filament stretching—Sndhar's
apparatus, 413-13
melt stretching, 411-13
Uniaxial elongational stress growth
coefficient, 162
Uniaxial elongational viscosity,
160
Uniaxial step elongational
relaxation modulus, 164
Unit step function, 152, 453
Unit vectors, 14—-15, 458
Unsteady elongational flow
elongational creep, 162-63
elongational stress growth, 162
large-strain, 216-18, 219-22
small-amplitude oscillatory
elongation (SAOQE),
16466
small-strain, 215-16
step elongational strain, 163-64
Unsteady shear flow
introduction to, 136-37
large-strain, 20614
shear creep, 137, 141-30
shear-stress decay, 137, 14041
shear-stress growth, 13740
small-amplitude oscillatory
shear (SAOS), 137, 15359
small-strain. See Small-
sirain unsteady shear
flow—SAQS and step
strain
step shear strain, 150-52
Upper convected derivative, 336,
337, 354
Upper convected Jeffreys model,
357, 492
Upper convected Maxwell model,
336-37. 490

Wacwum, light in, 495-96
Wectors
basis, 18-19
contravariant components of,
344 448
contravariant metric coefficients
of, 344
covariant components of, 344,
448
curl of, 448
definition of, 14
differential operations with,
4248
direction of, 1415
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divergence of, 46, 450
Einstein notation for,
28-30
electric displacement, 500
gradient, 4344
integral theorems
Gauss-Ostrogradskii
divergence theorem, 33-34
Leibnitz formula (Reynolds”
transpor theorem), 54-55,
456
substantial derivative, 35-56
introduction to, 14-15
Laplacian of, 47
magnitude of, 14, 1617
multiplication of, See
Multiplication of vectors
physical components of, 344,
435
rules of algebra, See also
Coordinates
addition, 22-24
cross (ouler) product, 16, 17
2628
dot {inner} product, 16-17,
24-26
introduction to, 15-17
traction, 458

triple product of, 341
umnit. [4-135, 458
zero, 15
Welocity continuity, B384
Viscoelastic effects. See
Elastic/viscoelastic
etfects
Viscoelastic fluids, 7
Viscomelers
Brookfield, 2
Cannon-Fenske, 2
rotational, 10
torsiomal oscillatory
measurement of SAQS
material functions, 293-95
velocity profile calculation,
2HE-43
Viscosity
apparent, $38-59
in cone-and-plate Aow, 404
in Couette Aow, 407
elongational, 160
Cogzwell analysis, 420
intrinsic, 459
Newton's law of, 1, 69n., 74
n parallel disk flow, 400
power-luw model for, 230
specific, 459
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for steady shear fow, 135
Trouton, 214, 458
WViscous loss modulus, 156

Wall shear stress, 457
Wall slip, 39497
Wave equations
anisotropic media
seneral, 499-501
harmonic waves, 5(01-17
clectric field in vacuum,
445
sotropic media, 459G
Weissenberg effect, 5-6
Weissenberg-Rabinowitsch
correction, 391
Weassenburg (Deborah) number,
448, 454
White-Metener model, 36061,
493
Williams-Landel-Ferry (WLF)
equation, 201, 203

Yield stress, 4
Young's modulus, 459

Zero tensor, 39
Zero vector, 15



