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non-Newtonian, 208, 505-507, 517
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physics, 4, 656

polar, 164, 177
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flux

energy, 200, 205, 229, 230, 353
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frame invariance, 196, 353
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free energy
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Helmbholtz, 223, 227, 340, 342, 456
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fully developed, 462, 463, 465, 476,
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fundamental theorem of calculus, 50
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gas, 225
dynamics, 402
fluorocarbon, 457
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gauge
invariance, 145
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Gauss’s theorem, 50, 51, 79, 150,
159, 165, 166, 173, 181, 182,
185, 645

Gaussian elimination, 36, 37, 78

general transport theorem, 52, 53,
116

geometry, 4, 6, 9, 16, 17, 19, 23, 53,
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157, 179, 266, 297, 328, 329,
331, 349, 358, 522, 534

differential, 16, 113, 138
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surface, 229
geostrophic flow, 192
Gibbs
equation, 178, 232, 233, 245, 257,
340, 341, 344, 349, 354, 355,
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free energy, 227, 233
notation, 17, 20, 24, 26, 29, 30,
32-35, 47, 48, 50, 101, 151, 159,
160, 173, 188, 216, 239, 644

grad, 64

gradient, 47-49, 54, 66, 67, 71, 80,
160, 190, 195, 200, 239, 253,
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427, 437, 442, 471, 477, 522,
524, 537, 625, 652, 653

density, 569

pressure, 192, 235, 240, 256, 257,
271, 314, 315, 323, 324, 462,
463, 467, 469, 471, 473477,
482, 508, 509, 516, 518, 533,
534, 540, 541, 544, 557, 559,
561, 565, 567, 569, 571, 577,
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139, 142-144, 152, 177, 180,
181, 198, 207, 313, 461, 469,
488, 502, 512, 520, 553, 588

Grashof number, 572, 573, 603

gravitational field, 288, 569

group

theory, 113, 443, 484
velocity, 610
growth rate, 592-595, 610

Hagen—Poiseuille flow, 462
Hall effect, 200
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Hele-Shaw flow, 541
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456
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385, 386, 389-391, 417, 433,
438, 572, 574, 642, 643, 658
idempotent, 137
identity matrix, 29
image vortex, 284
imaginary number, 300
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271, 425, 462, 477, 480, 508,
516, 520, 521, 524, 533,
540-542, 576, 577, 587
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injection, 230
inner product, 615, 616, 618, 620
tensor, 31-33, 99, 166, 180, 202,
238, 253, 254, 256, 603, 644
vector, 25
instability, 580, 585, 593, 598, 599,
610
convective, 580
Kelvin—Helmholtz, 594
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Rayleigh—Taylor, 591, 610
integrating factor, 486, 491, 504,
511, 554, 555
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414, 434, 516, 517, 545, 578
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Riemann, 411
tensor, 38, 44, 45
inverse, 21, 23, 32, 61, 68, 70, 74,
75, 82, 428, 575
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inverse energy cascade, 649
ionized plasma, 225
irreversibility, 141, 149, 439
production rate, 180, 189, 223,
227, 437, 439, 440
irreversible, 149, 182, 199
adiabatic, 386
work, 189
irrotational, 99, 128, 145, 190, 192,
252, 253, 255, 258, 271-274,
279, 282, 285, 287, 288,
290-293, 297, 299, 305, 314,
323, 336, 501-504, 585
isentrope, 440, 441
convex, 440, 441
non-convex, 441
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246, 252, 260, 277, 347, 349,
352, 355, 356, 361, 362, 364,
365, 367, 368, 381, 386, 392,
393, 402, 404, 406, 408, 415,
417, 438, 443, 456, 602
isobar, 190, 274, 277, 314, 335, 524
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480, 507, 513, 517, 574, 617,
658, 659
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isothermal, 222, 252, 343, 345, 346,
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tensor, 28, 29
iterative convergence error, 664

Jacobian
determinant, 55, 88, 153, 419,
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matrix, 54, 56, 58, 60, 66, 71, 77,
87, 88, 90, 92, 107, 153, 163,
412, 419, 483, 619, 620
Jaumann derivative, 113
jet, 576
laminar, 86, 561, 565
propulsion, 338

Kelvin’s circulation theorem, 281,
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Kelvin-Helmholtz instability, 594
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kinematic viscosity, 12, 240, 241,
278, 514, 551, 576, 647, 648
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265, 269, 271, 272, 276, 289,
292, 299, 311, 312, 316, 334, 585
rigid body, 99
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338, 365, 390, 441, 451, 601,
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Kronecker delta, 22, 23, 28, 29, 55,
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Kutta condition, 333
Kutta—Zhukovsky lift theorem, 333
Kutta-Zhukovsky lift theorem, 334
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Lagrange multipliers, 103, 168
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vector field, 119
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269, 522, 523, 535, 541
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material, 110, 112
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linear operator, 396, 497, 604
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Magnus effect, 332

mapping, 36, 38, 60

conformal, 297
inverse, 21
linear, 209
shear, 59, 145
squeeze, 24, 77
stretch, 77

marginal stability curve, 605
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221, 360, 388, 404, 427, 464,
584, 590, 597, 604, 605, 620,
629, 632, 640

algebra, 18, 34, 47

asymmetric, 106, 107

diagonal, 72, 79, 101, 106, 136,

rotation, 21, 29, 30, 43-45, 59, 78,
79, 81, 82, 101, 104, 106-109,
136, 168, 206

similar, 108

square, 36, 105

symmetric, 72, 170, 198
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quantum, 5
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morphogenesis, 608
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104, 105 107-109 Neumann condition, 396
porous, 196 Michelson-Morley experiment, 5 Newton’s second law of motion, 14,

projection, 137, 144, 615
rectangular, 105
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length, 655, 668
molecular, 564, 585
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nitrogen Na, 225, 226
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547, 550, 565, 599, 662, 668
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converging, 392, 393, 456
converging—diverging, 374, 393
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approximation, 240
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averaging, 651, 652
biharmonic, 49, 526
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convected derivative, 113
curl, 28, 48, 274, 603
derivative, 112, 160, 432, 597
differential, 112, 597
diffusion, 618
divergence, 48, 68
V, 299
E?, 49, 336, 522
E*, 49, 531
eig, 111
finite difference, 597
gradient, 47, 48, 67, 71, 442, 652
group, 484
¥, 300
integral, 478
Koopman, 614
Laplacian, 49, 66, 68, 71, 80, 269,

522, 523
linear, 396, 497, 604
material derivative, 89
matrix, 108
nonlinear, 95
positive definite, 604
x, 300
scalar, 48, 97, 114
self-adjoint, 497
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total derivative, 89
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transpose, 7

ordinary differential equation, 93,
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457, 466, 497, 538, 542, 547,
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Oseen correction, 533

outer solution, 543
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419, 425, 436, 441, 455, 464,
483, 484, 494, 496, 498, 499,
503, 518, 538, 542, 562, 563,
583, 589, 613, 616, 617, 625,
656, 666
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stable, 657
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peanut butter, 208
Peltier effect, 200
pendulum, 6, 581-583, 590
perfect fluid, 243
permutation symbol, 28
phase, 501
plane, 614, 620, 640
space, 632, 635, 636, 638
speed, 501, 515
velocity, 610
volume, 141, 639
physics, 4, 6, 9, 14, 36, 70, 145, 148,
178, 195, 197, 216, 218, 230,
259, 323, 338, 339, 542, 614,
617, 654, 656, 658, 659, 661, 668
mathematical, 4, 409
Newtonian, 85
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surface, 229 pre-diction, 667 inverse, 38
pitchfork bifurcation, 624, 629, 631 pre-dictive, 655 plastic, 208, 505, 507-509, 517
plane, 9, 23, 24, 27, 35, 38, 49, 78, pre-multiplication, 32, 38, 405 scalar, 79, 292
103, 137, 140, 156, 170, pressure, 5, 8-10, 19, 25, 157, 158, tensor, 28, 29
190-192, 227, 266, 317, 325, 173-178, 181, 182, 191, 196, vector, 34, 78, 82, 99, 292
335, 364, 422, 423, 440, 481, 208, 223, 225, 230, 234, 235, viscosity, 667
523, 531, 532, 565, 576, 577, 239, 241, 242, 245, 247, 252, pump, 566, 569
601, 615 256, 259, 260, 271, 274,
poetry, 642 277-279, 290, 293, 311, 313, Q - R decomposition, 110
point vortex, 272, 282, 285, 314, 316, 323, 324, 328, 329, quadratic form, 72-75, 80, 81, 104,
289-292, 309, 310, 332, 335, 502 333-335, 338, 342, 348, 351, 107, 190, 191, 199, 220, 221
Poiseuille flow, 462, 467, 469-471, 353, 363-365, 367, 368, 372, quadric, 74-76, 133, 134, 144, 167,
508, 533, 534, 536, 537, 539, 374, 381-386, 389, 390, 392, 169
595, 597, 610 393, 403, 417, 418, 435, 439, strain rate, 102, 103, 133, 134,
Reynolds-averaged, 668 440, 443, 444, 449, 450, 452, 143, 144
turbulent, 668 453, 455-458, 462, 463, 465, stress, 167-170, 191, 517
Poisson equation, 145, 238, 239, 314, 470, 502, 516, 521, 522, 524, surface, 72-75
465, 534, 535, 537, 662, 664-666 527, 528, 532, 533, 541, 544, quadrupole, 320, 326, 332, 335
polar 568, 570, 573, 576, 577, quantity of interest (QOI), 659, 666,
fluid, 164, 177 585-589, 645, 646, 650, 659, 667
vector, 82 660, 666 quaternion, 299
polar decomposition back, 392
left, 107 coefficient, 323, 328 rank, 21, 27, 105, 137
right, 107 dynamic, 532 Rankine half body, 320, 321
pole, 325, 328 field, 190-192, 238, 239, 241, 257, Rankine-Hugoniot jump equations,
poly-modal, 400 271, 273, 280, 282, 290-294, 378-380, 387, 433, 437-439,
polymer, 208 311, 313, 314, 324, 325, 328, 443, 449, 457
polytropic process, 356 465, 480, 516, 520, 523, 524, rarefaction, 402, 414-416, 421, 425,
position, 5, 8, 63, 82, 84, 86-88, 110, 527, 578, 588 438, 439
129, 131, 138, 150, 152, 154, force, 512 centered, 417, 418
172, 189, 191, 232, 266, 268, gradient, 192, 235, 240, 256, 257, centered fan, 417
452, 453, 591, 636 271, 314, 315, 323, 324, 462, discontinuity, 386, 438, 439, 441
vector, 46, 87, 88, 107, 128 463, 467, 469, 471, 473477, fan, 418
positive definite, 61, 73, 75, 80, 107, 482, 508, 509, 516, 518, 533, non-centered, 418
108, 396, 497, 604 534, 540, 541, 544, 557, 559, noncentered, 417
positive semi-definite, 27, 55, 107, 561, 565, 567, 569, 571, 577, nonphysical, 439
108, 180, 199, 200, 202, 203, 595, 597, 598, 625, 645, 655 shock, 439
222, 224, 437, 439, 507 hydrostatic, 217, 658, 662, 664 ratio of specific heats, 12, 235, 252,
post-diction, 667 mechanical, 158, 218 277, 431, 441, 457
post-dictive, 655 stagnation, 260, 362, 364, 456 Rayleigh
post-multiplication, 32, 38, 105 static, 362 equation, 598-600, 610, 611
potential thermodynamic, 157, 158, 172, flow, 373-375, 380, 456
energy, 171, 174, 390, 660 218, 657-659 line, 380-384
field, 296 principal axes, 24, 39, 41-43, 61, 77, number, 251, 603, 609, 622, 627,
flow, 49, 282, 296-299, 318, 324, 104, 108, 111, 129, 218, 313 628, 631, 632, 635, 636,
332, 333, 335, 523, 524, 557, strain rate, 100 656-659, 662-664
558, 560 stress, 40, 100 Rayleigh—Bénard
PP10, C13F22, 438 printer ink, 208 flow, 600, 606-609, 611, 622, 624,
Prandtl number, 12, 431, 433, 466, projection, 614-617 632, 644, 656667
480, 490, 491, 571, 627, 658, Galerkin, 614, 617, 618, 622, 625 turbulence, 659
660, 662 matrix, 137, 144, 615 Rayleigh—Taylor instability, 591, 610
Prandtl’s mixing length theory, 654 pseudo- reacting mixing gases, 225
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real function, 304
real number, 7, 107, 591, 667
real part, 131, 300, 310, 333, 512,
513, 591, 610, 629, 632
real variable, 304
reciprocal basis, 81
reciprocal basis vector, 56
recirculating flow, 655
reduced order manifold, 638
reflection, 21, 26, 29, 34, 38, 45, 61,
75, 7779, 82, 109, 292, 323,
400, 401
reflection matrix, 21, 29, 59, 78, 79,
82
relaxation time, 511, 512, 514, 515
repeated index, 22
residue, 327, 332
reversible
heat transfer, 149, 178
work, 178, 189, 223, 245, 443, 645
Reynolds
analogy, 493, 554, 556
equation, 541, 577
number, 249, 251, 277, 323, 369,
521, 523, 526, 529, 533, 544,
551, 553, 598, 600, 643, 648,
649, 656, 659
stress, 654-656, 658, 663
transport theorem, 53, 115, 150,
152, 165, 173
Reynolds-averaged Navier—Stokes
(RANS), 650, 655, 656, 662
rheology, 206
rheopectic, 208
Riemann invariant, 410, 411, 414,
417
Robin condition, 396
robotics, 19, 38
rocket, 4
propulsion, 338
rotation, 3, 19, 21, 24-30, 38, 44, 45,
61, 77, 78, 82, 107-109, 111,
122-127, 133, 139-142, 165,
169, 170, 177, 210, 212-215,
217, 265, 271, 276, 283, 291, 484
matrix, 21, 29, 30, 43-45, 59, 78,
79, 81, 82, 101, 104, 106, 136,
168, 206
molecular, 158, 225
rigid body, 3, 96-99, 112, 123,
142, 177, 209, 269, 271
rigid-body, 129

tensor, 30, 98, 115, 144, 146
rotational, 127, 259, 269, 272, 273,
280, 336, 467, 520, 523
roundoff error, 667
row vector, 18, 27, 47, 48, 50, 51
Runge-Kutta method, 331, 547

saddle, 131, 139-141, 614, 620
scalar, 8, 9, 17-19, 24-31, 33, 34, 39,
40, 47-50, 52, 79, 89, 90, 96, 97,
100, 102, 105, 114, 145, 167,
173, 180, 217, 259, 265, 266,
282, 292-294, 296, 297, 299,
336, 396, 497, 510, 522, 622,
651, 662
function, 46, 47, 49, 53, 80, 182,
238, 285, 334
pseudo-, 79, 292
triple product, 79, 81
second law of thermodynamics, 149,
179, 180, 189, 195, 197, 219,
226, 227, 386, 387, 438, 439,
608, 610, 646, 658
Seeback effect, 200
self-adjoint, 396, 497
self-similar, 441, 457, 485, 503, 504,
517, 518, 562
self-similarity, 483, 560
separated flow, 323, 655
separation, 323
separation of variables, 396, 496,
530, 604, 617
series
Fourier, 398, 538, 615617
Laurent, 327
Taylor, 113, 129, 130, 236, 267,
300, 315, 327, 335, 364, 377,
387, 391, 422, 424, 425, 491,
504, 515, 583, 584, 619, 623,
656, 668
shear, 98, 123, 124, 126, 510, 533
deformation, 125, 127, 142
flow, 294, 585
strain, 112
stress, 3, 199, 207, 208, 211, 243,
369, 468472, 474, 477, 479,
480, 488, 495, 508-510, 520,
524, 552
thickening, 208
viscous, 285, 462, 481, 549, 594
shear layer, 595
inviscid, 285, 576

laminar, 564, 566
turbulent, 643
shear-thinning, 208
shock, 5, 8, 150, 230, 244, 338, 339,
376, 377, 379, 382-387, 389,
393, 410, 425, 431, 433-435,
437, 441-444, 449, 451-453,
456, 457, 648
compression, 438
formation, 421
spherical, 441
strong, 382
structure, 435-437
thickness, 434, 435
tube, 439, 440
viscous, 427, 431, 436, 437, 457
SI units, 171, 172, 175, 176, 179,
483, 571
significant digits, 11
similar matrix, 108
similarity
solution, 328, 449, 483-485, 488,
543, 595
variable, 441, 450, 457, 484, 485,
491, 503, 517, 518, 546, 560,
564, 573, 578
simple waves, 414
singular, 38, 66, 71, 137, 327, 360,
421, 423, 424, 495, 502, 527, 528
singular value, 41, 55, 77, 105-107,
146
singular value decomposition (SVD),
101, 105-107, 109, 112, 146, 614
singularity, 421
sink, 131, 139-142, 308, 318, 331,
332, 614, 620, 621, 632
slip surface, 230
snowflake, 484
solenoidal, 48, 80, 116, 145, 259, 336
solid, 3, 4, 87, 185, 189, 196, 208,
216, 229, 230, 238, 239, 296,
328, 329, 339, 468, 477, 478,
510-512
elastic, 510
flexible, 96
mechanics, 5, 40, 87, 153, 170,
189, 207, 216, 510
sonic, 360, 361, 365-367, 371, 372,
374, 382, 386, 388, 392, 393
singularity, 360
throat, 367, 368
Soret effect, 200
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sound speed, 158, 247, 249, 270,
338, 340, 346-348, 354, 355,
362, 385, 394, 403, 407, 416,
434, 437440, 447, 456, 648

isentropic, 347, 355
isothermal, 348

source, 131, 308, 318-320, 331, 332,
336, 339, 614, 620

space, 6

space-time, 163

spaghetti noodle, 77

specific heat, 204, 225, 226, 342, 610

constant pressure, 12, 227, 232,
246, 431
constant volume, 12, 225, 456

specific volume, 178, 245, 356, 443

sphere, 10, 49, 61, 73, 102, 117, 118,
141, 158, 336, 451, 529-533,
576, 577

unit, 23, 24, 60, 77, 134, 169, 191

spherical coordinates, 72, 79, 80,
335, 336, 441, 529

spheroid

oblate, 102
prolate, 102

spin, 165, 166, 177, 190

spring, 510, 513

square, 577, 611

unit, 23, 24, 77, 664

square root of a matrix, 108

Squires’s theorem, 599

stability, 584

marginal, 598

stability boundary, 591

stable, 131, 142, 580, 583, 584, 591,
592, 594, 598-600, 609, 610,
620, 623, 624, 629-635, 657, 658

asymptotic, 580, 583, 633, 635

equilibrium, 144, 632

fixed point, 631, 639, 640

limit cycle, 632, 638

neutral, 632, 634

sink, 131, 614, 632

solution, 426

spiral, 131

stagnation point, 131
stagnation, 362, 364, 392

density, 367

enthalpy, 255258

point, 130, 131, 144, 255, 313,

321, 324, 325, 333, 335, 559, 576
pressure, 260, 364, 456

streamline, 313
temperature, 456
static, 362, 364, 456
static property, 361
statistics, 643
stoichiometry, 38
Stokes equations, 521, 523, 525, 528,
533
Stokes flow, 521-525, 527, 529,
531-534, 576, 577
Stokes’ assumption, 158, 159, 176,
190, 218-223, 226, 227, 230,
232, 237, 243, 246, 259
Stokes’ first problem, 480, 481, 484,
487, 488, 493-495, 498, 499,
503, 516-518
Stokes’ second problem, 502, 513,
515
Stokes’ theorem, 51, 281
Stokesian fluid, 227
strain, 96, 207, 510
extensional, 112, 126, 489
shear, 112
tensor, 510
strain rate, 96, 104, 118, 206-210,
215-218, 222, 226, 239, 313,
477, 505, 506, 510-512, 524, 528
deviatoric, 217, 219, 221, 222
extensional, 102, 103, 133, 134,
136, 143, 144, 167, 169
invariants, 118, 222, 525, 529
mean, 217, 218, 221, 222
quadric, 102, 103
shear, 137
tensor, 118, 181, 210, 217, 221,
222, 506, 510
straining, 96
extensional, 96, 99-101, 103-105,
119, 121, 133, 276, 313, 468
shear, 96, 99-101, 119, 121, 122
strange attractor, 631, 636, 637
stratified
flow, 236, 238, 242
fluid, 234
streakline, 94-96, 129, 132, 142, 143,
316
stream function, 297-299, 307, 311,
312, 322, 334-336, 444, 522,
523, 526, 529-532, 545, 546,
558, 562, 564, 571, 574, 576,
577, 596, 597, 625, 626, 636
compressible, 574

Index

streamline, 92-96, 122—-129, 132,
142, 143, 238, 254, 258, 260,
266-268, 270-272, 274, 279,
284, 296, 298, 299, 307-311,
313-317, 319-322, 332, 333,
335, 524, 526, 527, 530-532,
542, 549, 550, 558, 564, 565,
576, 578

stagnation, 313

stress, 19, 40, 96, 100, 118, 154-159,
161, 162, 167-169, 175, 176,
179, 182, 190, 198, 206—-209,
215219, 221, 226, 229, 232,
237, 244, 271, 273, 280, 350,
371, 469, 470, 473, 477, 488,
495, 502, 505, 506, 510, 511,
517, 532, 541, 552, 561, 576,
577, 588, 601, 605, 609, 626, 654

deviatoric, 158, 217, 222

mean, 158, 222

principal, 40

shear, 3, 199, 207, 208, 211, 243,
369, 468-472, 474, 477, 479,
480, 488, 495, 508-510, 520,
524, 552

shearing, 469

tensor, 9, 17, 40, 114, 153,
156-158, 166-170, 180, 190,
191, 206, 209, 216-218, 227,
237, 292, 477, 478, 507, 517,
522, 524, 528

thermodynamic, 157, 222

viscous, 9, 17, 157, 158, 206, 216,
217, 227, 237, 477, 507, 517, 522

yield, 339

stretching, 61, 107, 276

linear, 61

normal, 140-142

tangential, 140

strong form, 181

strong shock limit, 385, 441

subsonic, 365, 372, 374, 384, 392,
393

substantial derivative, 89

supercomputer, 662

superposition, 95, 282, 286, 309,
318, 320, 397, 531, 538

supersonic, 230, 338, 365, 366, 368,
372, 374, 384, 386, 393, 409, 438

supremum, 41

surface

couple, 166, 190
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force, 9, 153, 154, 156, 160, 161, asymmetric, 44, 51 thermal expansion coefficient, 572
173, 175, 176, 185, 190, 463, 521 Cartesian, 58 thermocouple, 200
free, 601 deformation, 98, 103, 129, 134, thermodynamic, 25, 141, 157, 178,
integral, 50, 51, 53, 79, 150, 159, 136, 140, 143, 144, 206, 207, 222, 223, 225, 232, 233, 235,
179, 185, 329, 645 217, 219, 220, 227, 313, 335, 243, 244, 247, 339, 342, 343,
Lamb, 254, 258, 260 468, 489, 510, 522, 524, 528, 346, 349, 355, 356, 437, 438,
material, 53 549, 644 456, 476, 506
tension, 207, 229, 585-588, diagonal, 217 derivative, 257
592-595, 610 field, 51 function, 403
wave, 593, 610 inner product, 31-33, 99, 166, potential, 232
symmetric, 29 180, 202, 238, 253, 254, 256, property, 171, 223, 340, 347, 355,
symmetric matrix, 72, 170, 198 603, 644 362, 388, 403, 438
symmetry, 484 invariant, 506 state, 390
synthetic division, 318 invariants, 38, 44, 45 thermodynamics, 9, 145, 148, 157,
isotropic, 28, 29 171, 174, 178, 180, 199, 232,
tangential stretching, 140 metric, 55, 57, 59, 67, 71, 80, 245, 320, 339, 340, 348, 349, 443
Taylor scraper, 526, 527, 529, 577 107-109 first law, 149, 171, 175, 178, 179,
Taylor series, 113, 129, 130, 236, norm, 41 191, 205, 234, 238, 257, 258,
267, 300, 315, 327, 335, 364, product, 30, 31 260, 352, 353, 404, 451
377, 387, 391, 422, 424, 425, pseudo-, 28, 29 nonequilibrium, 197, 207, 232
491, 504, 515, 583, 584, 619, rotation, 30, 98, 115, 144, 146 second law, 149, 179, 180, 195,
623, 656, 668 second order, 27 197, 219, 226, 227, 386, 387,
Taylor—Proudman theorem, 192 strain, 510 438, 439, 608, 610, 646, 658
Taylor—Sedov, 441, 450, 458 strain rate, 118, 181, 210, 217, thixotropic, 208
telegraph equation, 512-514 221, 222, 506, 510 Thomson effect, 200
temperature, 10, 13, 17, 19, 25, 177, stress, 9, 17, 40, 114, 153-158, three body problem, 86
194, 200, 205, 206, 208, 223, 166-170, 180, 190, 191, 206, throat, 367, 374, 376, 393, 456
225-227, 229, 230, 232, 209, 216-218, 227, 237, 292, sonic, 367, 368
234-236, 239, 241, 242, 259, 477, 478, 507, 517, 522, 524, 528  throttling device, 390
338, 348, 355, 363-365, 367, substitution, 23 time, 3, 5-11, 35, 46, 61-63, 86, 87,
368, 372, 374, 386, 389, 391, surface couple, 190 90, 93, 94, 97, 110, 113, 114,
392, 417, 431, 434, 435, 437, symmetric, 29, 31, 33, 41, 42, 99, 129, 135, 138, 141-144,
439, 456, 457, 462, 464, 466, 101, 202, 210, 254, 510, 644 148-154, 161, 165, 171, 172,
468, 469, 476, 479, 480, thermal conductivity, 202—204, 180, 182, 189, 208, 222, 223,
489-493, 552, 555-557, 206 232, 234, 247, 248, 251, 253,
569-573, 578, 580, 600-602, velocity gradient, 97, 105-107, 279, 281, 293, 307, 309,
604, 606611, 613, 625, 626, 109, 115, 143, 144, 313, 469 311-314, 350, 351, 378, 395,
628, 631, 636, 646, 652, 657, viscosity, 209, 210 398, 400, 416, 422, 424, 426,
658, 660-665 tetrahedron, 156 427, 436, 444, 453, 456, 458,
absolute, 12, 149, 178, 181, 219 thermal 461, 487-489, 494, 495, 498,
field, 194, 227, 463, 468, 472, 493, conductivity, 12, 13, 194, 201-204, 499, 505, 511, 513, 516, 518,
553, 554, 556, 636, 663 206, 227, 230, 232, 236, 246, 542, 580, 583, 584, 589, 591,
gradient, 195, 197, 198, 200-202, 349, 389, 476, 542, 569, 610 592, 594, 596, 605, 610, 613,
204, 205, 425, 437, 461, 636 diffusivity, 12, 240, 241, 490, 554, 614, 620-622, 624, 626, 632,
stagnation, 456 613, 614 635-638, 640, 643, 647, 650,
tensor, 8, 9, 17, 18, 27-35, 38-43, energy, 171, 173, 175, 176, 179, 653, 658, 659, 661, 662, 664666
45-50, 53, 75, 78, 79, 114, 118, 181, 188, 200, 239, 338, 354, -average, 650-654, 666
138, 152, 154, 157, 169, 201, 359, 365, 389, 441, 464, 471, derivative, 16, 52, 63, 64, 86, 115,
202, 209, 210, 215, 217, 238, 473, 478, 491, 580, 601, 602, 116, 135, 162, 164, 223, 224,
292, 299, 313, 524, 644 608, 609, 657 246, 256, 287, 455, 482, 490,
algebra, 211 equation of state, 223, 225, 340, 510-512
anti-symmetric, 30, 31, 99, 202, 341, 346, 347 relaxation, 511, 512, 514, 515
254, 644 expansion coefficient, 233 TNT, CeH2(NO2)3CHs, 453

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781316515693
www.cambridge.org

Cambridge University Press & Assessment
978-1-316-51569-3 — Mechanics of Fluids
Joseph M. Powers

Index

More Information

Index 699

toothpaste, 208
topology, 260
torsion, 138, 143
total
derivative, 89
differential, 47, 87-89, 97, 129,
298, 419
energy, 171, 172, 191, 353, 442,
451
enthalpy, 257, 258, 371, 372, 374,
574
trace, 34, 158
traction, 154-156, 159, 169, 170,
191, 227, 528
trajectory, 140, 631, 636
heteroclinic, 139-142
transcritical bifurcation, 639
transformation, 7, 14, 16, 17, 19, 25,
26, 29, 34, 54, 61, 64, 66, 68,
70, 71, 74, 78-81, 87, 88, 90-92,
99, 106, 110, 111, 153, 163, 181,
196, 205, 211, 226, 364, 379,
412, 419-424, 441, 445, 483,
484, 496, 503, 525, 538, 545,
563, 574, 578
alias, 19, 78
alibi, 19, 78, 81
coordinate, 19, 53, 59, 64, 70, 82,
87, 89, 90, 106-109, 226, 411,
420, 421, 423, 424, 427, 428
Fourier, 494
Galilean, 6, 162-164, 196, 197,
201, 353, 369, 379, 389, 428,
431, 531
gauge, 145
general, 54, 87, 88, 419, 483
inverse, 23, 68, 70, 74, 75, 428
linear, 60, 61, 77, 81, 145, 192
reflection, 29, 78, 79, 82, 292, 484
rotation, 25, 28, 29, 53, 54, 78, 79,
82, 168, 211, 213-215
rule, 64
similarity, 417, 485, 542, 546
stretching, 24, 191, 484
symmetry, 484
von Mises, 574
translation, 95, 142
transport phenomena, 188
transpose, 7, 18, 20, 21, 26, 29, 39,
47, 48, 50, 57, 58, 90, 92, 97,
101, 106, 160, 524
triangle inequality, 27

Trinity site, 453
Trkalian flow, 293
truncation error, 666, 667
turbulence, 84, 129, 624, 636,
642-644, 646, 647, 649, 652,
655, 656, 658, 659, 667, 668
closure problem, 654, 668
model, 643, 655
turbulent, 277, 369, 551, 624,
643-647, 649, 650, 654656,
658, 659, 662, 664, 666-668
convection, 657
fluctuation, 646
kinetic energy, 649, 654, 655
mixing, 655

universal gas constant, 12

unstable, 131, 142, 580, 584,
591-594, 598-600, 623, 624,
629-631, 633, 636, 638

upper convected derivative, 115

vacuum, 10, 458
validation, 11, 646, 649, 667
valve, 390
van der Waals gas, 339, 342, 343,
346, 438-441, 457
vanishing viscosity solution, 426
vapor dome, 339, 437, 438, 440
vector, 3, 8, 9, 16-20, 23-28, 32,
34-39, 41, 42, 46-49, 52, 55-59,
61-64, 78, 79, 81, 82, 92, 97, 99,
101, 107, 108, 110-114, 118,
119, 129, 143, 146, 153, 154,
157, 168, 169, 172, 173, 195,
226, 252, 254, 255, 266, 267,
273277, 279, 280, 297, 299,
313, 317, 405, 410, 423, 489,
517, 522, 524, 528, 549, 590,
597, 614, 615, 619
acceleration, 62, 64, 65, 85, 86,
129, 130, 132, 143, 144, 161,
190, 259, 313, 314, 316, 335,
489, 570, 576
algebra, 25
angular momenta, 164
axial, 82, 99
basis, 9, 17, 18, 21, 53, 55, 56, 58,
62, 63, 81, 92, 615
binormal, 138
body force, 161
calculus, 50, 145

Cartesian, 58

column, 7, 18, 20, 21, 36, 48, 50,
56, 105

contravariant, 53, 61

covariant, 53

cross product, 34

displacement, 510

distance, 106, 110, 111, 165

dual, 32, 79, 99, 139, 146, 166

field, 48, 71, 80, 82, 119, 145, 161,
162, 190, 259, 292, 336, 549,
578, 614

force, 172, 190

function, 47, 80

heat flux, 172, 179, 194, 195, 201,
202, 204, 205, 227, 470

inner product, 25

Lamb, 52

linear momenta, 153

norm, 26, 41

normal, 140, 170, 528

polar, 82

position, 46, 86—-88, 107, 128

pressure gradient, 314, 315

product, 42

pseudo-, 34, 78, 292

reciprocal, 56

reciprocal basis, 56

row, 18, 27, 47, 48, 50, 51

tangent, 134

traction, 154, 159, 169, 170, 191,
227

unit, 35, 37, 39, 51, 55, 96, 100,
102, 107, 134, 136, 139, 140,
284, 317, 603

velocity, 8, 52, 62, 70, 82, 84, 92,
97, 99, 106, 107, 110, 111, 118,
128, 134, 135, 143-145, 151,
161, 172, 175, 190-192, 227,
253, 254, 266, 268, 280, 282,
283, 286, 287, 290-294, 297,
310, 312-314, 334, 335, 510,
513, 542, 549, 550, 576, 578,

585, 624
vorticity, 99, 129, 133, 143, 144,
265, 276, 292

velocity, 3, 5, 6, 19, 25, 53, 61, 62,
64, 70, 82, 84-86, 89, 91, 93,
95-99, 101-103, 106, 107,
110-114, 116, 117, 119, 123,
128-131, 134, 136, 138,
143-145, 148, 150, 152, 154,

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781316515693
www.cambridge.org

Cambridge University Press & Assessment
978-1-316-51569-3 — Mechanics of Fluids
Joseph M. Powers

Index

More Information

700 Index

156, 158, 161, 162, 165, 172,
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307-312, 315, 316, 321, 324,
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advection, 662

angular, 64, 192, 276, 565, 576,
582

field, 152

gradient, 95, 97, 99-101, 105-107,
109, 111, 113-115, 131, 133,
139, 142-144, 152, 177, 180,
181, 198, 207, 313, 461, 469,
488, 502, 512, 520, 553, 588, 654

group, 610

phase, 610

potential, 190, 253, 282, 285, 286,
290, 297, 307, 309, 324,
333-336, 444, 585

rotation, 99

tangential, 230

vector, 8, 52, 62, 82, 84, 92, 97,
99, 106, 107, 110, 111, 118, 128,
134, 135, 143-145, 151, 161,
172, 175, 190-192, 227, 253,
254, 266, 268, 280, 282, 283,
286, 287, 290-294, 297, 310,
312-314, 334, 335, 510, 513,
542, 549, 550, 576, 578, 585, 624

verification, 11, 297, 436, 646, 666,

667

solution, 11, 664

vibration

molecular, 158, 225

virial gas, 348
viscoelastic, 114, 208, 510, 512, 513,

516, 518

viscosity, 12-14, 207, 208, 226, 230,

232, 236, 237, 239, 243, 246,
259, 268, 278, 282, 292294,
319, 350, 398, 425, 426, 431,
439, 456, 470, 476, 479, 480,
502, 505, 507, 516-518, 521,
522, 542, 564, 569, 574, 576,
577, 606, 642, 643, 645, 668

bulk, 216, 217

dilatational, 216

dynamic, 12, 431

eddy, 654-656, 658

first coefficient, 207, 216

kinematic, 12, 240, 241, 278, 514,
551, 576, 647, 648

matrix, 212-215

pseudo-, 667

second coefficient, 216

shear, 216

tensor, 209, 210

viscous

dissipation, 180, 181, 219, 221,
227, 237, 239, 241, 464, 467,
478, 521, 552, 555, 645, 659

flow, 49, 255, 296, 323, 338, 425,
502, 542, 576, 578, 595, 600

force, 173, 176, 181, 189, 226, 394,
520, 552, 558, 568, 576, 601,
657

shock, 431, 436, 437, 457

stress, 9, 17, 157, 158, 206, 216,
217, 227, 237, 477, 507, 517,
522

volume, 4, 7, 8, 10, 13, 21, 51, 53,

79, 81, 104, 115, 117, 118,
126-128, 135, 136, 140, 141,
149, 153, 156, 157, 165, 166,
173, 182—184, 189, 245, 260,
277, 313, 343, 350, 377, 378,
381, 451, 481, 549, 562, 645,
646

-preserving, 21, 66, 71, 78, 88

arbitrary, 50, 115-117, 182, 183,
185

control, 52, 181, 183, 205, 329,
350, 351, 353

fixed, 53, 182, 183, 188, 191, 377,
645

integral, 50, 79, 150, 154, 159,
179, 185, 645
material, 53, 115-117, 136, 149,
150, 152, 154-156, 159, 165,
171, 172, 183, 191, 281
molecular, 225
phase, 639
specific, 178, 245, 356, 443
volumetric flow rate, 308, 474, 475
von Kérmén’s viscous pump, 566,
569
von Mises transformation, 574
vortex, 3, 145, 269, 273, 283, 284,
286, 288-290, 293, 294, 309,
335, 501, 505
image, 284
irrotational, 128, 272, 285, 287,
501-504
line, 145, 254, 266—268
point, 272, 282, 285, 289-292,
309, 310, 332, 335, 502
rotational, 272, 273
sheet, 284-286
stretching, 277
tube, 275-277
vorticity, 82, 99, 119, 128, 129, 133,
143-145, 253, 254, 258, 260,
265—267, 272-282, 291-294,
296, 297, 299, 336, 467, 468,
480, 488, 489, 504, 505, 522,
523, 526, 527, 529, 549, 550,
576, 577, 643, 644

wake, 265, 643
water, 183, 184, 208, 235, 271
wave, 5, 8, 207, 364, 365, 376, 378,
384, 390, 398, 400, 401, 421,
422, 427, 430, 431, 437, 438,
501, 512, 515, 589, 605, 610,
617, 622, 658
acoustic, 158, 408, 412, 437
blast, 441, 450, 453, 455, 456, 458
compression, 437, 438
elastic, 512
equation, 394, 395, 399-402, 410,
512
expansion, 402, 441
isentropic, 438
nondiffusive, 398
nondispersive, 398
number, 501, 513, 591, 593, 595,
597, 598, 604, 605, 610, 649
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rarefaction, 402, 438 traveling, 372, 390, 589 wine, 668
shock, 150, 338, 339, 376, 383, waveform, 400, 427 work, 149, 171-174, 176, 178, 189,
384, 387, 389, 425, 441, 442, wavelength, 592, 594, 605, 628, 661 240, 344, 346, 353, 390, 471, 473
451, 456 weak form, 180 frictional, 239
simple, 414 weak solution, 426 irreversible, 189
sonic, 386 weather, 3, 241, 265, 338, 592, 608, rate, 172
sound, 236 640 reversible, 178, 189, 223, 245, 443,
speed, 380-382, 384, 401, 429, weighted essentially non-oscillatory 645
438, 589, 594 (WENO), 661 viscous, 181, 188, 471, 473, 490
standing, 398—400, 513 weighting function, 618
surface, 593, 610 wiggles, 661 Young’s modulus, 207
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