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partitioned-pipe mixer, 221-2
passive
interfaces, 1, 3
microstructures, 298
scalar, 292
pathlines, 22
periodic points, orbits, etc.
eigenvalues in the neighborhood of, 158
flows, 24
method for location of, 178-80
orbit, 100
pictorial representation, 158, 160, 161,176
points, 25
reorientation, 83, 87
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periodicity of islands, Fig. 7.5.8 {see color
plates), 232-5
perturbations
application of Melnikov’s method, 190-3
Hamiltonian systems, 141
perturbed shear flow, 25, 26, 254
phase space, 97
Hamiltonian systems, 135
Poincaré sections and tori, 136
physical meaning
of deformation tensor, 38
of (Vv)T, 38
velocity gradient, 38
physical picture of mixing, 1
Piola tensor, 41,
planar hyperbolic flow, 4
Poincaré-Birkhoff theorem, 144
Poincaré sections, 100, 103, 104, 105, 136,
137,172, 197, 228-31, 258
and three-dimensional structure, 227
in the BV flow, 172-5
in the journal bearing flow, Figs. 7.4.6,
7.4.10 (see color plates)
Poincaré’s recurrence, 136
point transformation, 18
point vortices in the plane, 139
pointed drops, 301, 304
Poisson’s bracket, 132
polar decomposition theorem, 32
polymer mixing, Fig. 1.3.4 (see color
plates), 164
polymer molecules in chaotic flows, 308
polymer processing, 7, 13
polymerization, 285-7
porous media and chaotic flows, 308
possible ways to improve mixing, 91, 93
potential function, 59
present state, 19
principle
conservation of angular momentum, 46
conservation of energy, 48
conservation of linear momentum, 43
conservation of mass, 42
proper orthogonal transformation, 49
properties of e, and e,, 66

qualitative picture of near-integrable
chaotic Hamiltonian systems, 149
quasi-periodic, 144

rate of area generation, 277
rates of change of material integrals, 36
rational orbits, 137, 143, 144
reattachment to wall, 268
reference configuration, 19, 21, 41,
regimes, 281, 282

slow reactions, 283

very fast reactions, 284
regular and chaotic flows, mixing effects,
186, 242-3
renormalization methods in Hamiltonian
systems, 153,
representation theorem, 323
reorientation, periodic, strong, weak, 83
residence time, 237-9, 240-1
Reynolds number, 195, 201, 249, 299
typical values in various processes, 9
Reynolds’s theorem (or transport), 20, 128,
rotation number, 143

saddle, 26, 27
scalar vector function, 326
sensitivity to initial conditions and
Liapunov exponents, 111, 116
separation bubble, 263
sequences of flows, 87
shear flow
stretching in, 290-2, 291-7
time perturbation, 25
shear layer, 138
shear stress, 47
signatures of chaos, 111
simple shear flow, 4, 27, 28, 68
singular point, 24
slender body theory, 304
small deformation analysis, 304
Smoluchowski’s kinetics, 315
spin tensor, 33
spiral sink, 27, 28

- spiral source, 27, 28

stability
definitions, 101
of area preserving two-dimensional
maps, 101
of period-1 and period-2 periodic points
in the TW flow, 158
of periodic points in the BV flow, 158
stable and unstable manifolds, 105
standard two-dimensional cavity flow, 72
stars, mixing in, astrophysics, 6
static mixers, 129,,, 223
statistical theory, 6
steady flows, 24
steady curvilineal flows, 82, 83
stirred tanks, 4
stirring, xi
stopped flow method, 17 ¢
strange attractors, 129,¢
streaklines, 23, 246, 248-9
crossing of, 258
in fixed frames, 260
in time dependent shear flows, 26
with respect to moving frames, 259
streamfunction, 92, 130
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streamfunction and potential function, 59
streamlines, 23

in linear two-dimensional flow, 25, 27

in an inviscid {low, 269
stretching

function, 35, 276, 280, 284

map, 198, Fig. 7.4.11 (see color plates),

242-3, 248

tensor, 33
striation thickness, 2

definition, 3

distribution, 288

transport at striation scales, 273
strong reorientation, 83
strongly measure-theoretic mixing, 118
strongly topologically mixing, 119
Strouhal number, 195, 249
structural stability, 107, 109, 110, 128,
structured continuum, 277
symmetry in Poincaré sections, 1967
symmetry of stress tensor, 46

Taylor series expansions of flows, 260
tendrils, 150, 151, 157, 2164
tendril-whorl flow (TW), 155
formation of horseshoes, 169
global analysis and interactions between
manifolds, 165
location analysis, 158
location and stability of period-1 and
period-2 periodic points, 158
tensor, 50
tensors, background (see Appendix)
test microstructures, 67
theorems
Cauchy, 43
divergence or Gauss, 338
Kolmogorov-Arnold-Moser theorem
(KAM theorem), 146
Lagrange, 22
Liouville, 98, 128,, 135
Peixoto, 109, 153,
Poincaré-Birkhoff, 144, 145
Poincares’s recurrence, 136
polar decomposition, 32
representation, 323
Smale-Birkhoff, 141
Stokes, 339
transport or Reynolds, 20, 128,
twist, 148
theoretic mixing, 118-19
thermal explosions, 317,
topological equivalence, 108, 110
topologically mixing, 119
tori, 136

tracer, 3. 274

tracking of material lines and surfaces,
292, 295

traction, 43

transformation, 18

transverse homoclinic or heteroclinic
intersections, 112

trajectories, 22

transport at striation thickness scales, 273

transport theorem {(or Reynolds), 20, 128,

turbulent flows 6, 9, 11, 12, 13, 14, 151

turbulent mixing layer, 8

typical behavior of the efficiency, 66

TW mapping, 155

twist mapping, integrable, 133

twist theorem, 148

two-dimensional flows, poor efficiency, 92,
94

two-dimensional time-periodic flows, 154

uniformity, 187
uniformity and irreversibility of mixing,
21754

vector
vectors, background (see Appendix)
velocity, 20, 50
velocity around a point, 33
velocity gradient, 30
velocity histories, 196, 196
viscometric flows, 64
viscous dissipation, 47, 66
viscous liquids, 6
visualization of manifolds, 113
vortex, 50
decay, 75
line, 53
stretching by, 76
stretching in inviscid fluid, 57-8
tube, 54
vorticity
and angular-rotation, 43, 53
distribution, 53
dynamics, 55
number, 67, 81
tensor, 33, 34

wall displacement, 196, 198
wandering points, 115

warped time, 279, 316,

weak reorientation, 67, 74

wedge product, 143

whorls, 151, 153,,, 157, 157, 216,
winding number, 143
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