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accuracy, 135
ACSYNT, 53
adaptive mesh refinement, 456, 492, 494, 495,
527, 553, 693
adiabatic, 155, 222
compression, 251
wall, 136, 793, 794, 795
adiabatic wall, 134n.vi
advancing front method, 486, 487
advancing layer method, 484, 486, 488
adverse pressure gradient, 183, 195, 201, 546
aerodynamic center. See airfoil: aerodynamic
center
aerodynamic design
applications, 701
aerodynamics, 156, 162
hypersonic, 249-257, 690-695
supersonic, 237-249, 685-687
supersonic wing, 247
transonic, 222-236, 672-673, 676-679
wing, 208
aeroelasticity, 7, 12, 21, 21t, 28, 36, 296, 337,
401, 553, 603, 720
AGARD, 24
Ahmdahl’s law, 72
ATAA, 13, 24, 35, 40, 78, 79, 81, 85, 123, 281,
323, 382, 453, 553, 584, 586t, 588, 590,
673, 678, 757, 821
Airbus, 20, 36, 188, 235, 451, 577
A320, 19t
A350, 20
A380, 19, 19t, 20, 21, 232, 644
aircraft design. See design: aircraft
airdrop, 711
airfoil, 51, 163, 176, 177
adverse pressure gradient, 195
aerodynamic center, 190, 197, 259, 287, 333,
343, 760
aerodynamics, 177, 208
applications, 177-178
boundary layer type, 184
camber, 189, 195
camber effect, 198
center of pressure, 190
design. See design: airfoil

diamond wedge, 241, 243
drag, 190, 194
drag polar, 193

factors that affect aerodynamics, 199
forces and moments, 189-191

geometry, 189

how they work, 203
how to use data, 197
Korn equation, 229
lift, 190, 194

lift curve slope, 192

maximum lift coefficient, 193

pitch moment, 190
pressure, 191

Reynolds number effect, 198

roughness, 196

stall, 203

subsonic wing, 248
supercritical, 64, 227-229

supersonic aerodynamics, 240

technology factor, 235
terminology, 189
thickness, 189, 195
thickness effect, 199
thin, 204

zero lift angle of attack, 192

algebraic grid generation, 468, 472, 474
algorithm, 8, 38, 58, 59, 62, 63, 79t, 82, 85,

806, 124, 148, 350, 352, 382, 384, 385,
389, 399, 410, 424, 436, 438, 439, 449,
454, 491, 492, 552, 619, 620, 629, 692,

693, 795
accuracy, 379
Beam-Warming, 426
definition, 63
Delta form, 427
efficient, 420
example, 353
explicit, 386
feature extraction, 654
finite difference, 365
finite volume, 431, 433
implicit, 386, 425
MacCormack, 398
modified equation, 383
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algorithm (cont.)
parallel scalability, 73
robust, 83, 438
smoothing, 519
stability, 371, 377, 402
Thomas, 388, 411
truncation error, 383
verification, 79
wave equation, 379, 380, 381
alternating direction implicit, 417
America’s Cup, 304, 450
amplification factor, 373
angle of attack, 4, 26, 40, 50, 54, 97, 137, 177,
189, 190, 191, 192, 193, 194, 196, 200,
207, 208, 215, 216, 241, 242, 243, 287,
288, 296, 298, 311, 313, 319, 340, 403,
541, 586, 623, 648, 675, 682, 708, 784
definition, 190
high, 2, 16, 17, 22, 26, 34, 191, 337, 494, 541,
584, 600, 640, 655, 704
post stall, 56
stall, 193, 198, 199, 200
zero lift, 192, 198
approximate factorization method, 425, 427
ARC2D, 427, 526
ARC3D, 120, 424, 427, 526, 805
artificial viscosity, 384
ASME, 35,78, 79
aspect ratio
cell, 470, 487, 488, 501, 505, 510, 523
wing, 52, 209, 215, 233, 325, 332, 646, 714

Babbage, Charles, 9
backward difference, 361, 362, 379, 382, 433
backward Euler, 397
Badcock, Ken, 357
BAE Systems, 25
Baldwin-Lomax. See turbulence model
Barber, Tracie, 717
Beam and Warming, 400, 426
Beam, Richard, 423, 425
Bernoulli’s equation, 112, 140, 167, 168, 171,
200, 280, 776, 782
Bezier method, 733
Biot-Savart law, 211, 213, 318
Blasius formula, 181, 794
Blasius solution, 180
block structured grid, 459, 466
body force, 107, 108, 109, 111, 113, 163, 167,
690, 776
Boeing, 18, 20, 27, 65, 78, 123, 148, 235, 245,
264, 265, 302, 304, 322, 450, 451, 681,
685, 687, 699, 763
1301 UCAV, 708
727, 209f
737,27, 294, 295, 299
747, 49, 236, 294
767, 19t
777, 19t, 236
787,19, 19t, 20, 21, 232, 680
7)7,123

B-52, 252
C-17, 162, 233, 235, 432
Sonic Cruiser, 680
V-22, 524, 618
X-45A, 708
X-48, 723
bound vortex, 213, 317, 320
boundary conditions, 11, 21, 82, 87, 95, 124,
132, 133, 156
commonly used, 136
Dirichlet, 135
farfield, 136
inflow, 136
inviscid, 136
Kutta condition, 178
Neumann, 135
no slip, 152, 155
outflow, 136
periodic, 136
slip, 134
solid surface, 133
symmetry plane, 136
third, 135
viscous, 136, 178
wall, 155
boundary layer, 19, 29, 152, 179-186
calculations, 64
concepts, 180
effects, 51
laminar. See laminar boundary layer
methods, 6, 64, 81
separation, 173. See boundary layer
separation
thickness, 181
thin, 153
transition. See transition
turbulent. See turbulent boundary layer
viscous sublayer, 153
boundary layer equations, 98, 127, 147, 149,
152, 153-155, 156
boundary layer separation, 33, 182-184
Boussinesq eddy viscosity
approximation, 567
Bristol Aircraft Company, 220
Brooklyn College, 382
bulk viscosity, 122
Buning, Pieter, 629

CAD, 31, 450, 451, 483, 493, 682, 697, 711,
712,733
Cal Poly, 15, 16, 633
Caltech, 148, 281
camber, 194, 195, 198, 200, 207. See airfoil
camber
supersonic, 242
Cambridge University, 419
CART3D, 687
Cartesian
domain, 470
grid, 368
Cartesian blocks, 518
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Cartesian coordinate system, 97, 107, 122, 151,
392, 393, 459, 777, 802, 807
Cartesian domain, 470
Cartesian form, 807
Cartesian grid, 368, 459, 489, 490, 491, 524
Cauchy data, 130
cell centered, 395
cell vertex, 395, 396
center of pressure, 190, 191, 243, 244, 245
central difference, 133, 362, 363, 364, 367, 368,
379, 380, 386, 389, 397, 425, 426, 428
central processing unit, 60
certification, 46, 59, 78, 79, 82, 89
definition, 79
Cessna
Citation III, 12f
0-2A, 544
CFD General Notation System, 526
CFL condition, 377, 379
CFL number, 379, 380, 402
CFL3D, 120, 157, 589, 805
CGNS, 526, 589, 590
C-grid, 463
characteristic curves, 125, 126, 128-130, 131
characteristic equation, 132, 135
Chawla, Kalpana, 634
Cheng, H.K., 691
Chimera grid, 457, 459, 460, 466
chine, 678
chord, 189, 192, 195, 197, 205, 228, 235, 236,
243,245,258, 314, 317, 324, 342, 491,
498, 513, 522, 527, 528, 529, 542, 594,
604, 609, 610, 671, 707, 734, 735, 757,
758, 759
quarter, 196, 258, 287, 288, 314, 317, 325,
343, 736
root, 209
tip, 209, 524
chordline, 189, 190, 195
circular cylinder, 151, 169, 170, 176, 223, 267,
475, 603, 604, 629, 654, 713, 714, 772
circular cylinder with circulation, 173, 174
circulation, 173, 174, 176, 177, 178, 205, 206,
2717, 318, 319, 781, 782, 783
meaning, 781
closed loop flow control, 712
closure problem, 564
cluster, 34, 68, 70, 188, 221
C-O grid, 464
coarse grid, 366
code, 9, 37, 82, 83
aeroelasticity, 28
benchmark, 68, 424
commercial, 18
computational aerodynamics, 46
computer lofting, 450
debug, 83
Euler, 54, 235, 687
full potential, 235, 718
grid generation, 33, 406, 474, 477, 525
handling, 87, 89

Harris, 681, 683
legacy, 82
linear stability theory, 551
linear theory, 235
Navier-Stokes, 7, 54, 149, 424
panel method, 268, 277, 291, 302, 304
parallel, 221
potential flow, 7, 476, 724
code, 36
research, 454
scalability, 88
structural, 28
thin layer Navier-Stokes, 152
transonic airfoil, 125
validation. See validation
vortex lattice, 48, 306, 307, 316, 319, 323,
324, 331, 338, 627, 718
wing design, 11
Woodward, 304
coefficient. See by name
coefficient matrix, 410
coefficient of thermal conductivity, 114,
572, 808
coefficient of viscosity, 109, 640
Cole, Julian, 148
Columbia, 68
compiler, 58, 61, 84
compressibility, 51, 218, 266, 816
correction, 51, 219, 220, 260, 581, 582,
583, 694
engine pylon drag increase, 17t
function, 820
subsonic, 218, 719
compressible flow, 102, 103, 153, 163i
computational aerodynamics, 2, 4, 5, 163, 258,
324, 388
boundary conditions, 439
checklist, 8688
commercial codes, 18
computer requirements, 61-63
definition, 4
different from computaional fluid
dynamics, 5
flow visualization, 618, 627
four step process, 39
future, 721-723
geometry, 451
goals, 6-7
good practices, 37
grid generation, 21, 32, 525
heirarchy of approaches, 47t
history, 10, 14, 66
integration, 25, 704-714
integration with experiments, 25-27,
704-715
intelligent user, 7, 8, 9, 39
limitations, 26
linear theory methods, 339
literature, 117
master user, 9
matrix solution algorithms, 439
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computational aerodynamics (cont.)

maturity, 8

objectives, 38

process, 29

progress, 663

uninformed, 17

users and errors, 37
computational domain, 470
computational fluid dynamics, 16, 117, 351

advantages and disadvantages, 705

definition, 5

finite volume, 104

four step process, 31

grid generation, 453
computer, xvi, 4, 6, 19, 28

algebra, 4

architecture, 61

available resources, xvi

capabilities, 9

Garbage In/Garbage Out, 10

human, 63

measure of merit, 69

memory, 11

original use in computational

aerodynamics, 10

parallel, 71

personal, 47, 55

simulations, 78

software, 46

storage, 34

system, 46, 60
computer-aided design, 31, 450
computer-aided geometry design, 450
computer-aided manufacturing, 452
computer program, xvii, 60.

See computer code
computer-generated imagery, 623
Concorde, 251, 680
Condor, 69
conformal

grid generation, 480
conformal mapping, 177, 283
conformal transformation, 177, 178, 283, 468,
475-471, 527
grid generation, 475
conservation form, 118, 459, 803
conservation laws, 95, 96, 98, 116, 505, 803
conservation of energy, 141, 151, 155
derivation, 113-116
differential form, 116
integral form, 116
conservation of mass, 100, 102, 103, 154, 163,
165, 391, 397, 399
derivation, 100-104
differential form, 102
integral form, 102, 355
conservation of momentum, 109, 163, 176.
See Navier-Stokes equations
derivation, 104-111
differential form, 111

consistency, 368, 370
continuity equation, 95, 98, 100, 103, 108, 112,
140, 146, 154, 167, 251, 565, 566, 776,
771,778, 780, 784
continuum, 94, 102, 359, 690
Control Data Corporation
6600, 64
7600, 64, 424, 704
control volume, 99-101, 102, 107, 108, 109, 112,
113, 114, 115, 116, 355, 395, 396, 482,
506, 507
Convair B-58, 238
convection, 104, 107, 154, 356
convective derivative, 105, 145
converged
definition, 355
convergence, 287, 324, 342, 350, 368, 369, 370—
371,413, 416, 423, 435, 439, 610, 693
acceleration, 401
grid, 514, 587
history, 413, 421, 423
iterative. See iterative convergence
multigrid methods, 420
rate, 418t. 6.3
spatial. See spatial convergence
successive over-relaxation, 414
temporal. See temporal convergence
coordinate system, 96, 97, 98, 99, 105, 106,
110, 122, 146, 152, 156, 278, 279, 309,
476, 802
Cartesian, 97. See Cartesian coordinate
system
curvilinear, 97, 405, 802, 807
cylindrical, 97, 169
fixed, 99, 104, 122
non-Cartesian, 368
non-orthogonal, 97
spherical, 97
corrector step, 382
cost, 9, 56, 70, 88, 302, 423, 514, 517, 591, 596,
697, 698
computational, 28, 462, 493, 607, 698, 699
computer, 70, 71
DNS, 608
flight testing, 25
fuel, 56, 228, 232, 323, 543, 697, 699, 701, 722
function, 697
iteration, 436
operating, 19t
wind tunnel, 25
Courant number, 377, 379
Cray
1, 66
1S, 123
2, 66,70, 123
C90, 66
XE6, 71
XT3, 56
YMP, 66
Cray, Seymour, 64
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critical Mach number, 223, 224, 230, 235,
236, 260

cross product, 212

cruise, 230

Cummings, Russell, 15

D’Alembert’s paradox, 173, 541
DATCOM, 47, 50, 53, 54, 315, 316, 328, 757,
760, 800
DDES. See turbulence model
debugging, 84
Degani-Schiff. See turbulence model
Delaunay triangulation, 484, 485, 486, 553
Delaunay, Boris, 484
delayed detached-eddy simulation.
See turbulence model
Delta form, 421, 427, 434
delta wing, 706
dense grid, 366
density, 61, 98, 99, 101, 104, 116, 119, 140, 146,
192, 224, 227, 254, 355, 359, 398, 556,
565, 566, 591, 622, 651, 694, 813
gradients, 652
grid, 33, 459, 461, 464, 485, 488, 494, 515,
600, 691, 693, 695
Helicity, 638
low, 94, 250
panel, 285, 303t, 337
visualization, 628, 631, 634
Department of Defense, xxi, 34
Department of Energy, 34, 85
DES. See turbulence model
DESider, 603, 604
design, 194, 195
aerodynamic, 29, 156, 215, 233, 281, 291,
305, 449, 450, 451, 543, 697, 705, 722
aircraft, 7, 19, 20, 21, 21t, 22, 34, 36, 49, 123,
220, 229, 235, 265, 266, 323, 449, 450,
518, 541, 547, 656, 662, 723
airfoil, 195, 199, 202, 203, 288, 342, 671, 697
America’s Cup, 294, 304
angle of attack, 335
applications of codes, 320
baseline, 699
code, 48, 306, 450
computational, 449, 683, 696, 697
computer aided, 31, 450
computer aided geometry, 450
conceptual, 28, 265, 266, 323, 336, 338, 450,
693, 720. See design: conceptual
configuration, 658, 697
detail, 29
detailed, 29
environment, 320
fighter aircraft, 676-679
geometry and, 290
goals, 696
grid, 523, 693, 698
group, 323
high lift system, 295

High Speed Civil Transport, 699
hull, 304
hypersonic, 251, 691, 695
hypersonic aircraft, 251, 254
improvements, 19t
inverse, 11, 270, 291, 292, 319, 334
keel, 294, 304
lab, 323
landing gear, 642
low sonic boom aircraft, 685
Mach number, 683
multi-disciplinary, 662
natural laminar flow, 544
objectives, 449
parameters, 496
point, 675
points, 676
preliminary, 29, 281, 319, 338, 548, 718
problems, 16
process, 30, 88, 235, 265, 697, 698
requirements, 518
supercritical airfoil, 233
supersonic, 304, 680, 685, 687
supersonic aircraft, 243
supersonic airfoil, 243
supersonic wing, 247
sustained maneuver, 678
swept wing, 233
team, 323
three phases of aircraft design, 28
tool, 492, 650
trade studies, 338
transonic, 222, 234
transonic airfoil, 229, 230
transonic wing, 230
use of CFD, 680, 683, 718
validity, 642
variable sweep, 232
variables, 697, 699
wing, 225, 232, 233, 235, 319, 543, 544,
673, 675
workstation, 623
design lift coefficient, 675, 735, 741
design of experiments, 698
detached-eddy simulation, 596. See turbulence
models
diagonally dominant matrix, 413
differential equation, 79, 106, 149,
813, 817
diffusion equation, 131, 132, 356, 385
direct numerical simulation, 4, 66, 351, 561,
562, 590, 591, 610, 642, 713
Dirichlet boundary condition. See boundary
conditions
discontinuity, 125, 128, 296, 494, 597, 635
discretization, 368, 369
dispersive, 384
dissipation, 381, 384
dissociation, 251, 690, 694
disturbance potential, 143
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divergence form, 118, 118n.iii, 805
derivation, 118-120
DNS. See direct numerical simulation
domain of dependence, 126, 367, 378, 385, 386
domain of influence, 126, 131, 219, 266, 377
doublet, 11, 168, 169, 169t, 170, 178, 269, 274,
275, 276, 295, 337, 783, 787
panel, 317n.vii
doublet-lattice method, 337
Douglas Aircraft Company, 63, 161
DC-10, 17t
DC-5, 281
DC-8, 17t
DC-9, 17, 17t
KC-10, 17, 549
downwash, 208, 214, 215, 318, 588
drag, 19, 26, 28, 40, 56, 172, 173, 179, 190, 197,
202, 208, 230, 236, 242, 243, 267, 283,
288, 293, 530, 644, 681, 734, 762, 793
count, 284, 587, 684
induced, 214, 215, 216, 260, 293, 320, 585,
701, 714, 792
polar, 40, 193, 260, 259, 528, 577, 684
prediction, 23, 288, 330, 524, 576, 584, 587,
596, 673-675, 6385
pressure, 173, 183, 585
reduction, 714, 723
skin friction, 155, 173, 184, 186, 190, 540,
541, 551, 554, 585, 671, 684, 795
transonic, 222, 230
trim, 793
viscous, 149, 699
vortex, 215
wave, 224, 230, 236, 245-247, 585, 681, 682,
683, 684, 685, 751, 752
wing, 210, 225
zero lift, 331
drag coefficient, 173, 176, 185, 192, 194, 197,
222,247, 283,284, 514, 587, 675
compressibility correction, 220
hypersonic cone, 256
minimum, 194
supersonic airfoil, 242
wave drag, 247
wing, 211, 215
drag divergence Mach number, 230, 235, 236
definition, 236
Drag Prediction Workshop, 24, 78, 553, 584,
673, 720, 774
Duke University, 84
dynamic pitching, 708
dynamic pressure, 171, 172, 181, 197, 210, 635

Edwards Air Force Base, 703
Eigenvalue, 403, 416
Eigenvector, 655
elliptic lift distribution, 52, 215, 234, 235, 792
elliptic PDE, 132-133, 146, 266, 367, 389,
390, 403
grid generation, 477-480, 525
emissions, 56, 603, 697, 722

endothermic, 251
energy
internal, 113
kinetic, 113
potential, 113
engine, 23, 27, 28, 58, 162, 221, 520, 523, 553,
577, 593, 644, 669, 703
airframe integration, 255
bay, 20
exhaust, 5, 162, 691
face, 296
inlet, 605, 656, 708
integration, 723
junction, 517
nacelle, 432
pylon, 17t
scramjet, 255, 554
simulation, 650
engineering
judgment, 29, 39, 55
methods, 47, 47t, 49, 56, 81, 88
process, 29, 30
ENSICA, 712
enthalpy, 140, 691
definition, 116
total, 116, 141
entropy layer, 250, 254, 690
equation of state, 95, 98, 116, 121, 157
equations of fluid motion. See Navier-Stokes
equations of motion
applicability, 155-156
equilibrium, 125, 382, 691, 694, 813
error function grid clustering, 473
Euler equations, 112, 128, 134, 138, 152, 156,
157, 401, 409, 426, 459, 552, 699
Euler, Leonhard, 112
Eulerian frame, 99
exoflop, 66
expansion wave, 222, 223t, 240, 242, 629, 630,
651, 653, 671, 756
experiments, 25, 78, 79, 85, 96, 124, 371, 374,
417, 548, 581, 603, 608, 636, 704, 705,
711,712,714
explicit scheme, 372, 374, 377, 386, 388, 389,
396, 425, 430, 441, 632
explicit time integration, 397, 398, 400

farfield boundary, 135, 136, 409, 442, 524

FAST, 624

favorable pressure gradient, 201, 543, 546,
671, 740

Favre averaged, 566

Fay and Riddell, 254

fighter aircraft

design, 676

figure of merit, 697

finite difference, 104, 133, 351, 352, 353, 354~
355, 358, 359-364, 361n.iii, 366, 367,
368, 369, 370, 371, 372, 385, 386, 387,
394, 425, 428, 455, 463, 500, 632, 699

finite element, 351, 353, 356-357, 455
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finite volume, 104, 351, 352, 353, 355-356,
391-395, 405, 425, 430439, 455, 482,
484, 500, 509, 632
First law of thermodynamics, 95, 113
flap, 19, 19t, 30, 49, 53, 196, 265, 295, 296,
328,432, 457, 488, 520, 553, 604, 644,
679, 691
blown. See high lift
gap, 519
Krueger, 295
leading edge, 519, 656
track fairing, 522
triple slotted, 295
flight testing, 25, 672, 723
cost, 25
floating point, 66, 68
floating point operations per second,
66, 638
FLOMANIA, 583, 584
flow
attached, 13
high lift, 21
separated, 13
supersonic, 240
time accurate, 22
transonic, 64
unsteady, 22
flow control, 712
flow separation, 11, 85, 123, 149, 149n.viii,
152, 156, 163, 170, 173, 179, 182, 183,
184, 194, 201, 227, 235, 287, 330, 540,
541, 554, 580, 584, 585, 587, 599, 625,
691, 718
flow solver, 33, 34, 78, 88, 137, 357, 401, 457,
468, 501, 506, 507, 526, 527, 585, 587,
628, 629, 633, 722, 804
flow topology, 625
flow visualization, 34, 148, 281, 352, 454, 559,
597, 617-659, 664
box, 74, 137, 165, 191, 203, 217, 226, 239,
315, 467, 503, 568
contour lines, 628
feature extraction, 653
history, 624
how it works, 627
images, 666
infrared, 544
line integral convolution, 650
movie, 657
numerical schlieren, 651
Q-criterion, 646
skin friction lines, 647
software, 624
streamlines, 631, 641
surface oil, 587
vector arrows, 640
vector plots, 630
vectors, 637
vortex tracking, 647
vorticity, 638
vorticity magnitude, 644

water tunnel, 541
flux difference splitting, 427, 692
flux vector, 120, 426
splitting, 427, 692
forces, 107-111, 192, 197, 285, 515, 673, 707
aerodynamic, 513
aircraft, 315
airfoil, 189-191, 192, 286
compressible, 220
delta wing, 707
hypersonic, 695
on airplane, 163
on cylinder, 172, 174
pressure, 690
wind tunnel testing, 704
wing, 210
formal accuracy, 82, 429
forward difference, 361, 362, 368, 379, 382, 397
Fourier coefficients, 132, 207
Fourier’s law, 114
friction velocity, 182, 557, 813
frozen chemistry, 694
Fujii, Kozo, 122
full potential equation, 140, 142, 146, 147, 227
classic form, 140
meshless solution, 721
simplifications, 141
solution, 64, 670

Galilean invariance, 96, 813
Garbage In/Garbage Out, 9, 18, 37, 705
Gauss Divergence Theorem, 102, 112
Gauss-gradient formulation, 437
Gaussian elimination, 411
Gaussian filter, 591
Gauss-Seidel method, 63, 412, 414
block, 436
point, 413-414
successive over-relaxation, 414-415
geometry model, 31
geometry modeling and grid
generation, 449
Georgia Tech, 453, 687
German Aerospace Center (DLR), 188, 577,
586, 604, 675, 720
German-Dutch wind tunnels (DNW), 25
gigaflop, 66
Giles, Mike, 83
global point cloud, 461, 462
Gottlieb and Groth method, 438
governing equations, 94-95, 97-98,
124, 156
derivation, 98-99
differential form, 99
integral form, 99
nondimensionalization, 118
simplifications, 138
solution of, 116-117
standard forms, 117
graphics processing unit, 69, 70
Graphics User Interface, 18, 48
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grid
Cartesian, 368, 394, 459, 460, 462, 464, 472,
489-491, 492, 495, 502, 526, 527, 828
Cartesian overset, 524
fineness, 22
quality, 24
grid clustering, 464, 468, 470, 472, 473, 504,
505, 528, 557
error function, 472
hyperbolic sine, 472
hyperbolic tangent, 472
natural logarithm, 472
grid generation
algebraic, 472
elliptic PDE, 477-480
hyperbolic PDE, 480-481
meshless, 721
outer boundary size, 497
properties that affect solutions, 497-515
unstructured, 481-483
grid point, 354
grid quality, 455, 479, 488, 501, 503, 519
aspect ratio, 501
boundary layer gradients, 505
cell isotropy, 510
cell shape, 500
cell skew, 508
cell smoothness, 508
cell spacing, 510
cell stretching, 502
flow alignment, 505
Jacobian, 499
orthogonality at surface boundary, 501
planarness, 506
stretching ratio, 502
viscous requirements, 511
y+, 512
grid sensitivity study, 449, 498, 513-515, 527,
529, 586, 694
grid-induced separation, 600
gridless, 460
Grumman, 703
F-14, 237
X-29, 678, 703
Gundy-Burlet, Karen, 58

Haack-Adams body, 681
hardware, 61, 187, 553, 590, 624
Harris, Roy, 681
heat conduction, 114, 125
coefficient, 95
equation, 127
heat equation, 131, 368, 371, 372, 374, 375,
385-386, 387
heat flux, 114, 694, 695
heat transfer, 63, 78, 84, 121, 134n.vi, 155, 221,
254, 691, 695
hypersonic, 250, 251, 253
helicity density, 638
Helmholtz vortex theorems, 211, 213
Hess and Smith, 63, 277

hexahedra, 355, 431
definition, 482
H-grid, 463
H-H grid, 464
high angle of attack. See angle of
attack: high
high fidelity model, 6, 20, 27, 28, 47, 48, 55,
61, 138
high level programming language, 60, 66
high lift, 19, 21t, 33, 49, 162
devices, 188
system, 20, 295, 304
high performance computing, 34, 47, 48, 55,
188, 453, 553
High Speed Civil Transport, 680, 683, 699
higher-order methods, 428
hodograph transformation, 124, 227
Hoisington, Zach, 322
Holst, Terry, 417, 672
Hong Kong University of Science and
Technology, 650
horseshoe vortex, 213, 317, 318, 319
Huber, Kerstin, 187
Hughes Aircraft Company, 15
hybrid grid, 456
hyperbolic PDE, 130-131, 132, 146, 151, 266,
367, 390, 480
grid generation, 480-481
hyperbolic sine grid clustering, 472
hyperbolic tangent grid clustering, 472
hypersonic flow, 145
applications, 690-695
distinguishing characteristics, 250
temperature effects, 250
hypervelocity flight, 251
Hyper-X, 690. See X-43
hypothesis, 95

IBM
1130, 221
360, 63, 148
Power5, 594
RS6000, 221
IDDES. See turbulence model
ILLIAC 1V, 66
impact surface, 253
Imperial College, 220
implicit scheme, 374, 387, 388, 389, 396, 397,
417, 426, 427, 442
implicit time integration, 400
incompressible flow, 64, 98, 102, 103, 125, 139,
146, 147, 153, 165, 170, 171, 202, 218,
266, 283, 292, 312, 479, 563, 564, 565,
719, 776, 778, 796
index notation, 121, 121n.v, 463, 564
induced drag. See drag:induced
inflow boundary, 497, 498, 527
influence coefficient, 280, 318, 319
initial condition, 124, 130, 131, 132, 133,
377, 378, 385, 402, 403, 441, 559
input/output devices, 61
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Institute of Space and Aeronautical
Science, 123
intelligent user, 3, 4, 7-9, 30, 37, 46, 163
carpenter analogy, 8
panel method, 163
responsibility of, 8
internal energy, 113
inviscid flow, 6, 62, 79, 98, 102, 112, 117, 134,
136, 155, 156, 165, 170, 173, 207, 283,
288, 307, 354, 459, 487, 669
assumption, 55, 64, 176
boundary condition, 136, 206, 779
definition, 112
instability, 550
methods, 11, 49
models, 138147
simplifications, 138
streamline, 550
terms, 121
transonic, 29, 351, 552
wing simulation, 58
ionization, 251, 690, 694
Towa State University, 221
irrotational condition, 168, 776, 777, 784
irrotational flow, 98, 138-147, 164, 167, 206,
293, 308, 776, 777
isentropic, 141, 222, 223, 301
isotropic, 108, 110, 505
mesh, 493, 510, 511, 607
quality, 527
turbulence, 556, 596
iteration
definition, 355
iterative, 371n.v, 390, 401, 410, 413, 416,
420, 670
iterative convergence, 82, 89

Jacobian matrix, 403

Jameson, Antony, 28, 147, 148, 235, 420, 476,
552, 670, 699

Japan Aerospace Exploration Agency, 124

Johnson-King. See turbulence model

kinetic energy, 113

King Solomon, 45

Kolmogorov length scale, 607, 608

Korn airfoil equation, 229, 230

Korn wing equation, 235, 236

Kronecker delta, 121n.v

Kulfan, Brenda, 450, 685

Kutta condition, 136, 155, 178, 202, 206, 277,
278, 279, 280, 291, 292, 540

Kutta-Joukowski theorem, 176, 318

k-€. See turbulence model

k-m. See turbulence model

Laasonen’s simple implicit method, 442
Lagrangian frame, 98
laminar boundary layer, 179, 181, 186
laminar flow, 117, 156

hypersonic, 251

laminar separation bubble, 183
laminar skin friction, 181
laminar skin friction coefficient, 184, 543
laminar sub-layer, 512
Laplace’s equation, 127, 133, 139, 140, 146-147,
168, 389, 479
laser doppler anemometry, 718
laws of physics, 95
Lax equivalence theorem, 371
Lax method, 380
Lax-Wendroff method, 381, 692
leading edge, 19, 189, 200, 678
blunt, 201
glove, 235
radius, 193, 201
rounded, 248
supersonic airfoil, 247
lean thinking, 149
Lees, Lester, 253
LES. See turbulence model
lift, 172, 190, 202, 220
wing, 210
lift coefficient, 173, 176, 196, 198, 215, 216, 229,
230, 236, 284, 298, 325, 326, 514, 584, 675
airfoil, 235, 296
compressibility correction, 220
supersonic airfoil, 242
transonic, 230
wing, 211, 215
lift curve slope, 192, 220
supersonic airfoil, 243
wing, 215
lift distribution, 52
lift to drag ratio, 238, 697
supersonic airfoil, 243
lift-curve slope, 51
lifting line theory, 213-218
transonic, 719
limiters, 437
linear equation, 125, 146
linear theory, 240
local skin friction coefficient. See skin friction
coefficient
Lockheed Martin
C-130, 522, 711
F-16, 2,4, 11, 22, 25, 27, 522, 541, 625,
663, 678
F-16XL, 451, 483, 544, 647
F-22, 237, 237t, 549, 678
F-35, 3, 25, 26, 678
L-1011, 14
P-38, 28
SR-71, 251
lofting, 449
loiter, 230, 237
Lomax, Harvard, 423
low fidelity model, 6, 47, 61, 138
low level programming language, 60

MacCormack method, 381
MacCormack, Robert W., 382, 423, 692
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Mach angle, 219, 247, 248, 515
Mach cone, 219, 247, 497
Mach lines, 131
Mach number, 4, 22, 40, 51, 118, 122, 139, 145,
146, 192, 218, 223, 225, 227, 229, 241,
243, 245, 250, 265, 266, 340, 499, 546,
597, 628, 697, 719
critical, 223
drag divergence, 235
edge, 794
hypersonic, 249, 252
hypersonic independence, 252
machine zero, 505
maneuverability, 230, 518, 656
maneuvering aircraft, 4, 22, 337,
634, 657
Mason, William, 703
mass averaged, 566
mass flow rate, 101, 170
mass flux, 101
massively parallel computer, 68, 72
mathematical model, 7, 29, 30, 79, 87,
98,213
matrix, 306, 435
algebra, 11, 63, 388, 389, 425, 436
classification, 410
dense, 275, 411
diagonally dominant, 413
identity, 426
Jacobian, 403, 434
pentadiagonal, 428
sparse, 275, 411, 412
sparse and banded, 411
sparse block, 435
spectral radius, 416
tridiagonal, 387, 428
Mavriplis, Dimitri, 396, 552
maximum lift coefficient, 20, 193, 198, 199,
288, 540
McDonnell Douglas
AV-8B, 594
F-15, 56, 58, 249, 458, 657, 678, 762
F-18, 23, 25, 34, 74, 75, 165, 328, 371, 460,
491, 597, 656, 678
F-4, 703
MD-11, 56
MD-80, 17t
MD-83, 17
YF-23, 18
McGill University, 553
mean aerodynamic chord, 209, 210, 324, 708,
758, 760, 761
mean camber line, 178, 189, 191, 205,
206, 242, 740
mean skin friction coefficient, 602
megaflop, 66
mesh, 355
mesh quality. See grid quality
meshless, 460, 462
Michigan Technological University, 423
military aircraft, 22, 64, 676-679

Mississippi State University, 452, 453, 522

MIT, 148, 800

model, 30, 31, 32, 33, 37, 38, 48, 78,79, 81, 94,
126, 127

modified equation, 383

modified Newtonian flow theory, 252-253,
256, 257

momentum thickness, 155

Moore’s law, 66, 68, 596, 721

multi-disciplinary, 401, 434, 647

multidisciplinary design

optimization, 236, 496, 699

multidisciplinary design optimization, 22, 28,
525, 696-701, 723

multigrid methods, 420

multisurface method, 474

Murman and Cole, 64, 147, 367, 425,
669, 703

Murman, Earll, 147

Murman, Scott, 633

NACA

0009 airfoil, 207

0012 airfoil, 137, 191, 203, 239, 287, 342, 343,
503, 575, 576, 596, 603, 609, 719, 721,
768, 772

001245 airfoil, 738

001274 airfoil, 738

0021 airfoil, 603

16 series, 738

16-012 airfoil, 738

23012 airfoil, 328, 735

2412 airfoil, 197, 208, 733, 734, 769

2418 airfoil, 208

4412 airfoil, 282, 314

4421 airfoil, 288

64A(.055)5.9 airfoil, 249

64A203 airfoil, 249

65,-218 airfoil, 740

65,~012 airfoil, 289

65A012 airfoil, 325

airfoil, 732

airfoil data, 196

airfoil family, 195

airfoil family geometry, 731

airfoil ordinates, 732

airfoil section, 528

airfoils, 731, 732

conical camber, 762

five digit series, 40, 195, 282, 735

four digit series, 40, 195, 199, 282, 443, 528,
734,735,737

mirror site, 732

reports, 344, 731, 732, 740n.1, 766, 770

six digit series, 195, 229, 235,
335, 740

symmetric airfoils, 202

NASA, 34, 120

N+2 aircraft, 722

N+3 aircraft, 722

X-48, 723
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NASA Ames Research Center, 16, 25, 58, 64,
66, 123, 148, 149, 221, 304, 382, 396,
423, 425, 526, 633
NASA Langley Research Center, 25, 64, 227,
255, 306, 513, 525, 553, 573, 589, 646,
681, 683
National Aerospace Laboratory, 123
National Research Council, 123
National Science Foundation, 34
National Tsing-Hua University, 649
NATO, 36, 772
natural logarithm grid clustering, 472
Navier-Stokes
assumptions, 110
code, 54, 149
flow solver, 71
parabolized, 152-153, 681
Reynolds-averaged, 561, 563-567
thin layer, 149-152
Navier-Stokes code, 36
Navier-Stokes equations, 4, 95, 111, 112, 120,
134, 138, 148, 149, 153, 156, 409, 805
direct numerical simulation, 607
integral form, 355
solution methods, 353
Neumann boundary conditions. See boundary
conditions
Neumann problem, 270, 409
New York University, 717
Newton, Isaac, 252
Newton’s second law, 95, 96, 99, 104, 105
Newtonian flow theory, 252-253, 256, 703
Newtonian fluid, 109, 112, 180
noise, 20, 56, 546, 603, 647, 650, 680, 722
nondimensionalization, 118, 140, 157
nonequilibrium flow, 694, 695
non-linear, 5, 21, 34, 106, 111, 128, 194, 222,
227, 235, 426, 554, 562, 602, 669
non-orthogonal curvilinear coordinates, 97
normal shock, 144, 222, 224, 225, 227, 228, 253,
597, 705
North American
P-51, 450, 546n.i
X-15, 249, 251, 252
XB-70, 238
North Carolina State University, 85
Northrop Grumman
F-5, 495
T-38, 53, 315, 340
no-slip boundary condition, 134, 152, 505, 528,
540, 557, 695
Numerical Aerodynamic Simulation, 66
numerical analysis, 63
definition, 63
numerical diffusion, 384
numerical methods, 2, 5, 9, 21, 46, 55, 99, 107,
125, 133, 168, 245, 351, 352, 361, 367,
388, 425, 627, 740
statement of, 82
numerical viscosity, 384
N-wave, 685

objectives
design, 266
programming, 83
oblique shock, 222, 225, 240, 629
octree method, 488, 489
O-grid, 463
ONERA, 665, 672
M6 wing, 672
0-0 grid, 466
operating system, 60, 61
optimization, 28, 153, 245, 292, 496, 525, 683,
697, 698, 699, 733
order-of-magnitude analysis, 154
ordinary differential equation, 117, 125, 567,
568, 631, 812
outflow boundary, 497, 498, 609, 632
overset grid, 457
Oxford University, 357

PAN AIR, 55,292, 295, 296, 302
PANDA, 47, 55, 291
panel method, 10, 138, 163, 177, 178, 627
program, 163
parabolic PDE, 131-132, 152
parabolized Navier-Stokes equations, 152-153
parallel processing, 66, 68, 72, 73, 699
parallelization
coarse grain, 71
fine grain, 71
partial differential equation, 5, 38, 95, 98,
103, 111, 116, 124, 130, 131, 138,
140, 168, 275, 309, 351, 359, 364,
367, 395, 410, 413, 417, 420, 474,
568, 777, 816
Delta form, 421
determining type, 125
elliptic, 125, 127
hyperbolic, 125, 126
mixed type, 127
parabolic, 125, 126
supersonic linear theory, 241
type, 124, 133, 145, 152, 156
particle image velocimetry, 188, 650,
707,714,717
Peaceman-Rachford method, 417
Pegasus, 14
perfect gas law, 168, 776
periodic suction and blowing, 706
personal supercomputing, 70
petaflop, 66, 68
physical laws, 95, 96
pitch damping coefficient, 328
pitch moment, 49, 190, 285, 287, 288, 325, 684,
696, 736, 760
slope, 332, 333
wing, 210
pitching moment coefficient, 196, 244, 326
compressibility correction, 220
definition, 192
supersonic airfoil, 242, 244
wing, 211
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pitch rate, 50

planform area, 209, 210, 337, 708, 757
trapezoidal wing, 210, 760

PlayStation 3, 68

Pleiades, 68

PLOT3D, 526, 621, 624

plunging rate, 50

point Gauss-Seidel, 413

point Jacobi, 413

Poisson’s equation, 479, 480

post processing, 34, 39, 78, 526, 628

potential energy, 113

potential equation, 140, 144, 147
full. See full potential equation
small disturbance, 143

potential flow, 4, 38, 98, 117, 127, 147, 211, 265,

270, 292, 375, 475
applications, 168-178
code, 7,476
current applications, 721
function, 11
method, 10, 11, 45, 47, 55, 138
model, 139
over arbitrary shapes, 269
singularities, 178
theory, 163-168, 479, 776788
Prandtl formula, 186
Prandtl number, 122, 572, 573, 794, 808
Prandtl, Ludwig, 100, 124, 156, 179,
213, 569
Prandtl’s mixing length, 570
Prandtl-Glauert compressibility rule, 51, 220,
260, 340, 719
Prandtl-Glauert equation, 127, 139, 145-146,
220, 240
Prandtl-Meyer expansion, 240
Prandtl-Schlichting formula, 186
Predator, 13
predictions, 10, 17, 20, 22, 25, 27, 53, 95, 96,
265, 288, 305, 333, 456, 502, 544, 575,
581, 583, 584, 587, 592, 606, 672, 680,
691, 693, 704, 709, 720
predictor step, 381
pressure, 190
base, 256
dilatation, 694
dynamic. See dynamic pressure
forces, 107
isobar, 235, 673
propagation, 170
variation normal to a wall, 155
pressure coefficient, 146, 174, 176, 201, 227,
228, 241,242, 252, 253, 312, 578, 600,
634, 635, 636, 658, 721
definition, 171
linearized, 313
Newtonian flow theory, 253
supersonic, 241
pressure drag. See drag: pressure
pressure gradient, 153
adverse, 201

favorable, 201
pressure sensitive paint, 188
primitive variable, 355, 433, 434, 436, 438, 633
Princeton University, 147, 552
prism, 355, 431, 455, 505, 506, 510, 523
definition, 482
processor, 34, 56, 61, 68, 72, 73, 517, 594, 693
definition, 60
GPU, 70
parallel, 71
quad core, 68
speed, 66
program, 3, 28, 60, 82
aircraft development, 25
blindly use, 9
CA, 790
CAD, 31, 451
commercial, 156
DESider, 604
design, 742
developer, 2
ease of use, 83
engineering method, 53
flow visualization, 34, 628
grid generation, 523
history, 63
HSCT, 680
modular, 83
MTVI, 646
panel method, 281
portable, 83
structured, 83
thin airfoil theory, 259, 421
vortex lattice, 323
programming
comments on, 84
good practices, 82
propagation problems, 125
proper orthogonal decomposition, 713
pros and cons of computations, 705
pros and cons of experiments, 704
pseudo spectral, 351, 356
Pulliam, Thomas H., 396, 423, 425, 426, 427
pyramid, 104, 355, 431
definition, 482

Q-criterion, 639
Quadtree method, 488, 489
Queen Mary College, 220

radial basis function, 462

raked wing tip, 209

Ranger aircraft, 516
Rankine-Hugoniot shock relations, 692
RANS. See Reynolds-Averaged Navier-Stokes
ratio of specific heats, 95, 260
reconstruction, 436

recovery factor, 251, 794, 795

reduced frequency, 145, 145n.vii
reference length, 118

Rensselaer Polytechnic Institute, 589
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Reynolds averaging, 113
Reynolds number, 40, 113, 122, 154, 155, 180,
185, 192, 196, 522, 542, 546, 556n.ii,
562, 602
airfoil effects, 198
calculation, 197
cell, 693, 694
flight, 151, 562
high, 150, 554
laminar, 543
local, 182, 557
low, 769
meaning, 558
scaling, 584
transition, 180, 186, 545
wing, 210
Reynolds stress, 563, 564, 565, 567, 571, 578,
592, 607
Reynolds stress model. See turbulence model
Reynolds transport theorem, 99
Reynolds, Osborne, 561

Reynolds-Averaged Navier-Stokes, 61, 156, 553,

562, 563, 565, 566, 572, 573, 575, 581,
591, 593, 596, 597, 599, 600, 602, 606,
609, 672, 694, 808

Richards, Bryan, 220

Riemann invariants, 135, 136, 499

Robin boundary condition. See boundary
conditions

robust, 83, 135, 352, 417, 436, 437, 438

Rockwell

B-1B, 232

Roe scheme, 438

roll damping coefficient, 328

rolling moment coefficient, 600

root chord, 209

rotational flow, 164

rotational velocity, 164

roughness, 179, 196, 546, 547, 548, 549, 709

Roy, Christopher J., 84

Royal Institute of Technology (KTH), 188

Rumsey, Christopher, 589

Runge-Kutta, 399, 632

time integration, 399

Sandia National Laboratories, 85
scalability, 71, 72
scalar processing, 70
schlieren, 652
Schneider, Steve, 549
Schuette, Andreas, 188
scientific method, 95, 96
scramjet, 85, 255, 554
second coefficient of viscosity, 110
second order, 111, 362, 400
semi-empirical methods, 16, 45, 47, 48, 49,
50, 53
separated flow, 5, 13, 149, 150, 561, 575, 603,
676, 811
LES, 596, 599
massively, 22, 432, 554, 657, 694

region, 541, 574, 583, 587
shock induced, 580
separation, 11, 123, 149n.viii, 152, 155, 156,
170, 179, 193, 194, 198, 201, 202, 288,
331, 541, 574, 587, 625, 718, 812
bluff body, 541
grid induced, 600
laminar, 183, 541
laminar bubble. See laminar separation
bubble
leading edge, 123, 287, 307, 597
lines, 648
shallow, 599
shock induced, 224, 227, 584
trailing edge, 580
turbulent, 183
serial processing, 68
shadow surface, 253
Shaped Sonic Boom Demonstrator, 495
sharp Fourier cutoff filter, 591
shear force, 107, 542
shear layer, 5, 495, 555, 582, 691, 706, 707, 819
shear stress, 87, 110, 121, 150, 180, 181, 182,
558,571, 575, 607, 693
turbulent, 818, 819
vector, 640
shear stress vector, 640
shear-layer instability, 707
shock, 14, 19, 156, 222, 230, 495, 675
curved, 156
inboard wing, 234
normal. See normal shock
oblique. See oblique shock
outboard wing, 234
visualize, 226
shock capturing, 148, 692
shock fitting, 692
shock layer, 250, 251, 254, 690
shock polar, 227
shock tube, 438
shock/vortex interaction, 23
Shyy, Wei, 649
similarity parameters, 118
similarity solution, 117, 155
singularity distribution methods, 178
skin friction
estimation, 184-186
transition, 186
skin friction coefficient, 551, 640
laminar, 184
local, 181, 184
total, 184, 186
turbulent, 185
skin friction drag, 675
skin friction drag coefficient, 184
slat, 296, 457, 488, 520, 522, 553, 604, 636, 644
sliding interface, 520
slip condition, 134
Smagorinsky model, 592
small disturbance equation, 141, 145, 147
Smith, A.M.O., 161, 203, 280
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smooth contour lines, 628
software, 8, 18, 31, 34, 46, 47, 61, 73, 83, 87,
303, 454
CAD, 733
commercial, 34, 50, 469, 623
flow visualization, 621, 624, 629, 632
grid generation, 481, 525, 528, 693
solution
elements of, 86
sonic boom, 685
sonic boom prediction, 515
source, 178
source/sink flow, 168
space marching, 132, 152
Space Shuttle Orbiter, 7, 62, 221, 294, 459, 492,
547, 634
Spalart-Allmaras. See turbulence model
span, 81, 172, 176, 209, 210, 230, 234, 296, 334,
343, 522, 672,701, 719, 792
wing, 53, 208, 213
span efficiency factor, 52, 215
spanload, 235, 319, 320, 343, 344
spatial convergence, 82, 89
spatial filtering, 591
spectral method, 353
speed of sound, 118, 140, 141, 142, 146, 192,
218, 219, 694, 821
Sputnik, 147
Squire wing, 682
SST. See turbulence model
stability, 368, 370, 386
analysis, 371-377
stability analysis. See von Neumann stability
analysis
stability and control, 20, 22, 697
stability theory, 548
stagnation point, 149, 155, 169, 174, 178, 195,
202, 206, 254, 310, 694
heat transfer, 254
stall, 23, 56, 193, 198, 199, 201, 203, 207, 287,
288, 597, 709, 720
abrupt, 23, 193, 597
boundary, 202
deep, 17
standard form, 117, 120, 410, 754, 805
Stanford University, 58, 382, 423, 492, 634
steady flow, 86, 98, 102, 103, 117, 119, 120, 125,
128, 140, 141, 142, 152, 153, 163, 165,
167, 173, 180, 227, 307, 355, 391, 398,
402,417, 517, 529, 541, 558, 561, 573,
641, 705, 776, 812
Steger, Joseph L., 423
Stokes, George G., 93
Stokes” hypothesis, 110, 122
store separation, 396, 458, 460
stream function, 168, 169, 174
streamline, 138, 163, 166, 167, 170, 177, 206,
217, 267, 540, 542, 548, 550, 567, 574,
628, 631-632, 641, 642, 710, 778, 780
structural weight fraction, 239
structured grid, 32, 456, 463-481, 483, 505,
506, 573

block, 371, 459, 516, 520, 605
definition, 354n.1, 455
Jacobian, 499
purpose, 469
topology, 463
transformation, 802
viscous block, 518
subgrid scale model, 592
subiterations, 401
subsonic compressibility, 218-220
subsonic compressibility correction, 240
subsonic flow, 127, 133, 223
substantial derivative, 99, 107
derivation, 104-105
successive line over-relaxation, 415
successive over-relaxation, 414
suction peak, 195, 200, 201, 580
supercomputer, 4, 34, 64, 66, 68, 69,
123, 562
supercritical
airfoil, 64, 147, 227-229, 230, 233, 669, 670,
671,732, 768
conical camber, 703, 762
wing, 228, 771
superposition, 111, 130, 168, 174, 269, 274, 275,
276, 307, 311, 313, 777
supersonic flow, 117, 125, 127, 128, 131, 152,
222,223,224, 225,227, 237-249, 250,
265, 266, 302, 311, 376, 425, 497, 581,
652, 669, 694
applications, 680687
design, 683-685
sonic boom reduction, 685-687
supersonic linear theory, 240-243, 244
surface grid, 32, 481, 519, 524, 525
definition, 454
surface oil flow, 678
Sutherland’s law, 110, 122, 544, 794
sweep, 209, 215, 230, 235
supersonic wing, 247

take-off gross weight, 699
taper ratio, 209, 325, 672
definition, 758
tar pits, 46
Taylor’s series expansion, 101, 105, 108, 310,
360, 361, 362, 363, 365, 369, 381, 383,
401, 429, 502, 570
Technical Univeristy of Berlin,
604, 606
Technical University of Munich, 604
temperature, 61, 98, 109, 114, 116, 134, 141,
155, 223, 359, 544, 546, 556, 594, 622,
628, 694, 793, 794
edge, 795, 796
importance in hypersonic flow, 252
model, 695
total, 141, 499
visualization, 634
temporal accuracy, 82, 389, 434, 530
temporal convergence, 82
teraflop, 66, 68, 69

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107053748
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-05374-8 - Applied Computational Aerodynamics: A Modern Engineering Approach
Russell M. Cummings, William H. Mason, Scott A. Morton and David R. McDaniel

Index
More information

847

Index

tetrahedra, 355, 431, 484, 494, 510,
522,523
definition, 482
Texas A&M University, 85, 544
thermal conductivity, 114
thermodynamic, 95, 96, 98, 110, 122, 251
thickness, 195, 199, 200, 215, 230. See airfoil
thickness
distribution, 242
supersonic, 242
thin airfoil theory, 177, 204-208. See airfoil
THINFOIL, 423
thin-layer Navier-Stokes equations, 149-152.
See also Navier-Stokes equations
Third boundary condition. See boundary
conditions
Thomas algorithm, 388, 411
Thompson, Joe, 452
thrust coefficient, 338
time integration, 396
time marching, 152
tip chord, 209, 524
Tollmein-Schlichting wave, 547, 548
Top Hat filter, 591, 592
topology, 463
total skin friction coefficient, 184
definition. See skin friction coefficient
trailing edge, 178, 189, 282, 289, 292, 476,
522,657
supersonic airfoil, 247
wing, 225
trailing vortices, 213, 318, 321, 323
transfinite interpolation, 474, 480
transformation, 177, 469
hodograph, 227
transition, 21, 40, 156, 179, 180, 186, 430,
494, 503, 526, 540, 541, 542, 544,
545-549, 551, 555, 578, 675, 709,
723, 796
hypersonic, 251, 694
supersonic, 544
transonic flow, 14, 19, 23, 64, 78, 127, 128, 144,
145, 147, 148, 222-236, 265, 311, 420,
552, 669, 705
aircraft, 680
airfoil, 19, 576, 670
airfoil design and analysis, 670-672
applications, 669-679
cavity, 604
cruise, 20
drag prediction, 673-675
fighter aircraft design, 676-679
history of computation, 669-670
lifting-line theory, 719-720
wing, 81, 230, 672, 676
wing design, 11, 235
wing design and analysis, 672-673
transonic small disturbance equation, 64, 127,
144-145, 227, 669
transport properties, 95, 98
tridiagonal form, 388, 411, 415, 427
truncation error, 368, 369

truss-braced wing, 701
turbulence model, 11, 21, 85, 113, 122, 156,
481, 510, 512, 539-610, 673, 694, 722,
775, 808
Baldwin-Lomax, 573, 576, 577, 578, 810, 812
Degani-Schift, 573, 811
delayed detached-eddy simulation, 562,
599-603
detached-eddy simulation, 562, 596-599
half equation, 568
hybrid, 595
improved delayed detached-eddy
simulation, 602
Johnson-King, 573, 576
k-g, 573
k-w, 578
large eddy simulation, 560, 562, 590-594
Menter’s k-e/k-w, 568
one equation, 568
Reynolds stress model, 562, 567, 578,
580, 584
Spalart-Allmaras, 578, 581, 596, 813, 815
SST, 581, 582, 583, 584, 597, 675, 818
taxonomy, 567-568
two equation, 568
Wilcox k-w, 577
WMLES, 602
zero equation, 568
turbulent boundary layer, 179, 181-182, 186
velocity profile, 181
turbulent flow, 156
turbulent skin friction coefficient, 185, 543
twist distribution, 235, 451

U.C. Berkeley, 58

U.S. Air Force Academy, 215, 706

uncertainty, 26, 37, 546

uniform flow, 168, 169, 174,
176, 783

University of Florida, 650

University of Glasgow, 221, 357

University of Liverpool, 36, 358, 516

University of Michigan, 589, 633

University of New South Wales, 717,
718

University of Singapore, 221

University of Southern California, 16

University of Surrey, 187

University of Tokyo, 122

University of Washington, 382

University of Wyoming, 396, 553

unsteady flow, 102, 103, 140, 146, 153,
170, 305, 337, 398, 402, 413, 528,
530, 561

movies, 657-658

unsteady Reynolds-Averaged Navier-Stokes,
561, 564, 565, 581, 582, 583, 584,
603, 606

unstructured grid, 32, 456, 469, 481-483, 489,
494, 499, 510, 522, 605

definition, 354n.1, 455
upstream method, 379
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URANS. See unsteady Reynolds-Averaged
Navier-Stokes
USAF, 26, 50

V1 rocket, 220
validation, 13, 21t, 25, 35, 38, 39, 46, 58, 59, 78,
79, 80, 81, 82, 84, 85, 87, 89, 316, 610,
658, 723, 766, 768, 770, 772, 774
definition, 79
Vallespin, David, 35
Van Driest damping, 592
Van Dyke, Milton, 423
vector divergence form, 120
vector form, 102, 120, 354, 391
vector processing, 66, 386
Vehicle Sketch Pad, 450
velocity, 101
free stream, 190
friction, 182
profile, 181
profiles for laminar and turbulent flow, 182
radial component, 174
tangential, 211
tangential component, 174
velocity potential, 140, 165, 168, 776-777, 778,
779, 784
Velocity potential equation. See Full potential
equation
verification, 38, 46, 58, 59, 78, 79-80, 79t, 81,
82, 85, 89, 316, 658, 775
definition, 79
Virginia Tech, 85, 699, 703, 704
viscosity, 61, 95, 98, 109, 109n.ii, 110, 116, 138,
154, 155, 179, 192, 384, 540, 544, 694
artificial, 384
bulk, 122
eddy, 568, 573, 582, 583, 592, 813
kinematic, 568, 608
laminar, 544, 812
molecular, 122, 607
numerical, 384
turbulent, 567, 571, 572, 575, 809
viscous flow, 65, 102, 150, 156
diffusion, 149
effects, 147, 149, 153, 163, 179
methods, 11
models, 147
solutions, 11
viscous sub-layer, 182, 512
viscous-inviscid interactions, 147, 250
volume grid, 32, 33, 454, 523, 525
von Karman Institute, 221
von Neumann stability analysis, 372, 379, 381
VORLAX, 55
vortex
filament, 211
sheet, 205
wing tip, 208, 217
vortex drag, 215
vortex filament, 211-213

infinite, 212
segment, 212
semi-infinite, 212
vortex flow, 13, 168, 173, 178
theory, 79
vortex lattice method, 6, 10, 55, 63, 265,
266, 305-321, 323, 329, 331, 336,
338, 719
compressible, 719
quasi, 337
unsteady, 720
unsteady compressible, 338
vortex shedding, 170, 565, 714
vortices, 2, 5, 33, 162, 178, 205, 206, 208, 209,
214,247, 2717, 307, 317, 558, 636, 638,
644, 646, 656. See trailing vortices
bound, 318, 320
horseshoe, 318, 321, 325
leading edge, 337, 519, 709, 711
strake, 663
tracking, 647
visualizing, 639
vorticity, 5, 334, 494, 547, 581, 594, 597, 610,
638, 642, 678, 782, 810
definition, 164, 632
magnitude, 644, 811
physical meaning, 164
visualization, 165, 495, 632, 638
Vought F-8, 228, 229, 771, 772

Warming, Robert, 423, 425
water tunnel, 170, 541, 706, 714
wave drag, 224, 230, 236, 245-247, 681
wave equation, 126, 130, 146, 302, 370, 375,
377-384, 385
D’Alembert’s solution, 130
well posed problem, 156
Werlé, Henri, 665
wetted area, 185, 686
definition, 184
Whitcomb, Richard, 64, 147, 227
Whitfield, Dave, 1
Wilcox k-w. See turbulence model
wind tunnel data, 26, 53, 149, 234, 296, 326,
587, 588, 600, 672, 682, 703, 720
extrapolated to full scale conditions, 27
wind tunnel testing, 21, 25
cost, 25
windward method, 379
wing, 163, 176, 188
aerodynamic coefficients, 210, 211
aerodynamics, 218
aspect ratio, 209
design, 232
geometry, 210
Korn equation, 235
planform area, 209
root chord, 209
span, 209
supercritical, 228

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107053748
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-05374-8 - Applied Computational Aerodynamics: A Modern Engineering Approach
Russell M. Cummings, William H. Mason, Scott A. Morton and David R. McDaniel

Index

More information
chel Index
supersonic aerodynamics, 247-249 X-21, 544
sweep, 209 X-31, 2, 371, 518, 519, 636
taper ratio, 209 X-38, 254
tip chord, 209 X-43. See Hyper-X
trapezoidal planform, 210 XFOIL, 55
twist, 235
wing tip vortex, 162, 208, 209, 213, 214, 217, Yehudi, 235
247, 625, 665
winglet, 209, 233, 235, 793 zero lift angle of attack, 192
wing-tip device. See winglet zero lift drag coefficient, 198, 260, 340
work, 113, 115 zone of action, 219
definition, 115 zone of dependence , 367
workstation, 34, 56, 221, 623, 624, zone of influence, 126, 266
628, 647 zone of silence, 219
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