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adaptive background grid
grid generation, 43
adaptive mesh refinement, 269, 397, 435
adaptive remeshing, 284
adjoint solvers, 462, 467
adjoint unknowns, 467
advancing front
grid generation, 49, 51
advancing front/greedy algorithm
domain decomposition, 341
advancing-front vicinity search
interpolation, 250, 252
advection operator, 201
agglomeration techniques
reduction of indirect addressing, 309
shared memory parallel computing, 330
ALE (arbitrary Lagrangian Eulerian), 227,
371
Amdahl’s Law
parallel computing, 328
approximate gradients
optimization, 471
approximate Riemann solver, 195
approximation of operators, 123
approximation theory, 109, 121, 457
array access in loops, 300
artificial compressibility, 206
artificial viscosity, 167, 168
automatic grid generation methods, 47, 284

background grid

grid generation, 42, 45, 50
background sources

grid generation, 39
backward substitution

solution of systems of equations, 139
balancing dissipation, 202
bandwidth of a matrix, 138, 140
bin renumbering, 302
bin sorting and searching, 22
binary tree

data structures, 19, 26
block methods

preconditioning, 146

block-diagonal preconditioning, 142
body alignment of meshes, 35
boundary recovery

Delaunay triangulation, 63
bubbles

free surface flows, 241, 434

cache, 300, 326, 329
cache miss, 56, 140, 300, 324, 354
CAD (computer aided design), 38, 106, 359,
378, 383, 459
Cartesian grids, 36
central difference, 161, 194
CFD (computational fluid dynamics), 1, 3,
269
CFD code, 4, 116
chains
reduction of indirect addressing, 313
chaotic, stable solutions
time-stepping, 136
characteristics
advection operator, 201
chequerboard modes
stability analysis, 163
Cholesky elimination
solution of systems of equations, 140
circumsphere calculation
Delaunay triangulation, 61
colouring
renumbering, 317
compaction techniques
point/object generation, 93
conformality of mesh
grid generation, 35
conjugate gradients
iterative solvers, 151
connectivity matrix
data structures, 7, 236
conservative interpolation, 257
consistent mass matrix
iterative solution, 111, 167
consistent numerical flux, 203
Crout elimination
solution of systems of equations, 139
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data structures, 7, 56, 62
deactivation
embedded/immersed grid techniques,
395
of air regions, free surface flows, 433
overlapping grids, 375
space-marching, 351
Delaunay triangulation
grid generation, 63, 65
deposition patterns, 96
derived data structures, 9, 17
detonation, 351
diagonal preconditioning, 142, 208
diagonal swapping
grid improvement, 68
diffusion methods
domain decomposition, 341
direct solvers
solution of systems of equations, 137
dirty cache line, 329, 344
discrete surface definition, 100
distance to wall, 31, 372
distributed memory machine
computer architecture, 300, 328
divergence operator, 203
dominant eigenvalue acceleration
iterative solvers, 149

edge renumbering, 306, 323, 354
edge-based solvers, 187, 389
edge-based upwinding, 203
edges, 14
edges of an element

data structure, 16
Eikonal equation

distance to body, 237
element removal

grid improvement, 66

RANS gridding, 83
element size and shape

adaptive mesh refinement, 42, 276

grid generation, 38
element type, 36, 46
elements surrounding elements

data structures, 12
elements surrounding points

data structures, 9
embedded grid techniques, 400
energy norms

error estimation, 273
energy of spatial modes

error estimation, 274
enrichment

mesh refinement, 278
equation system, 137
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error estimators, 271
error indicators, 271
Euler equations, 161
explicit timestepping scheme, 67, 149
extrapolation
edge-based solvers, 195
embedded/immersed grid techniques,
397
error indicators, 273
space-marching, 356

faces
data structures, 14
FCT (flux-corrected transport), 175
filling space with objects
point/object generation, 90
finite difference, 123
finite element, 124
finite volume, 124
first derivatives
edge-based solvers, 190
flux transfer
embedded/immersed grids, 398
forward substitution
solution of systems of equations, 139

Galerkin approximation
Navier—Stokes solvers, 162
Galerkin method
weighted residual methods, 111
Gauss—Seidel technique
iterative solvers, 143
Gaussian elimination
solution of systems of equations, 137
genetic algorithms
optimization, 453
geometric conservation law
mesh movement, 228
geometric constraints
optimization, 469
global mesh refinement
grid generation, 58
GMRES
generalized minimal residuals, iterative
solvers, 152
Godunov method, 194
Godunov theorem
monotonicity, order of approximation,
175
gradient-based search
optimization, 458
graph of a mesh, 30
grid
representation of, data structures, 7
grid improvement
grid generation, 65
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grid optimization

grid improvement, 67
grid types

grid generation, 35

h-enrichment
mesh refinement, 280
hash tables
data structures, 11
heap lists
data structures, 19
heat equation
FEM tutorial, 128
hierarchical design procedures
shape and process optimization, 472
hierarchical shape functions, 278
high-order schemes
FCT, 161

ILU (incomplete lower-upper)
preconditioning, 145

immersed grid techniques, 383
implicit time-stepping schemes, 135
incompressible flow solvers, 201
incremental interpolation

overlapping grids, 377
indirect addressing, 300
injection operator

multigrid methods, 154, 156, 157
inside-out interpolation, 253
interface capturing

free surface flows, 429
interface fitting

free surface flows, 419
interpolation, 245
interpolation criteria

overlapping grids, 372
interpolation theory error indicators, 272, 401
intersection of faces

advancing front grid generation, 52, 53
iterative limiting

FCT, 179
iterative solvers

solution of systems of equations, 140

Jacobi method
iterative solvers, 147

Jacobian of Euler/Navier—Stokes equations
adjoint solvers, 465

Jacobian of fluxes, 165

kinematic treatment
embedded/immersed grids, 389
kinetic treatment
embedded surfaces, 385, 386
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Lapidus artificial viscosity, 168
Laplace equation

distance to body, 237
Laplacian operator

edge-based solvers, 188
Laplacian smoothing

grid improvement, 67, 232
Lax—Wendroff scheme, 164
least-squares functional, 112
limiter

FCT, TVD, 161
linear shape functions, 130
linear triangles, 115
linked lists, 9
load balancing

MIMD machines, 337
load transfer

embedded/immersed grids, 398
local remeshing

mesh movement, 285
local timestepping, 210
low-order scheme

FCT, 175
LU (lower-upper) preconditioning, 142
LU-SGS (lower-upper symmetric

Gauss—Seidel) preconditioning,
143

macro-blocking, 359
mass matrix, 111
matrix preconditioning
iterative solvers, 141
mesh enrichment
adaptive mesh refinement, 278
mesh movement
adaptive mesh refinement, 278
mesh refinement, 269
mesh topology, 35
mesh types, 35
mesh velocity, 227
MIMD
multiple instruction multiple data, 300
Moore’s law
computer architectures, 1, 344, 349
multiblock grids, 36
multigrid methods, 153
multipoint optimization, 471
MUSCL
monotonic upwinding for systems of
conservation laws, 360, 362

N-trees

data structures, 18
Navier—Stokes equations, 161
Navier—Stokes gridding techniques, 75
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neighbour-to-neighbour search
interpolation, 249, 250

octrees

data structures, 28
optimal-mesh criteria

adaptive mesh refinement, 270
output-based error estimators, 274
overlapping grids, 76, 245, 371

parallel flow solvers

MIMD machines, 342
Pareto front

optimization, 457
particle—grid interpolation, 265
personal computers

computer architecture, 299
Petrov—Galerkin methods, 124
point fitting

approximation theory, 110
point generation, 64
point renumbering, 301
points surrounding points

data structures, 10
Poisson operator, 124
porosity

topological optimization, 473
preconditioning

iterative solvers, 140
pressure correction

projection scheme, 207
pressure sensor

scalar dissipation, 197
pressure-based artificial viscosity, 168
projection operator

multigrid methods, 155
projection scheme

incompressible flow solvers, 206
projective prediction of mesh velocities, 231
projective prediction of pressures, 212

quadrilateral elements
grid generation, 36
quadtrees
data structures, 28

RANS
Reynolds-averaged Navier—Stokes, 75
Rayleigh—Ritz functional, 125
recovery of derivatives, 130
recursive bisection
domain decomposition, 339
recursive exhaustive parameter scoping
optimization, 452

INDEX

remeshing
adaptive mesh refinement, 284
renumbering techniques, 301
reordering of nodes within elements
cache misses, 306
Riemann solver, 194, 195
RISC (reduced instruction set chip), 300
Runge—Kutta schemes
time-stepping, 133

scalar dissipation

with pressure sensors, 197

without gradients, 198
scalar limited dissipation, 197
scatter-add, 119, 301
selective mesh movement

mesh improvement, 67
semi-structured grids

grid generation, 7678
shape functions, 115

general properties, 118
shape optimization, 451
shared-memory machine

computer architecture, 329
SIMD (single instruction multiple data), 299
simulated annealing

domain decomposition, 338
sizing optimization, 451
smoothing

mesh improvement, 230

mesh movement, 229

multigrid methods, 158

surface normals, 79
solution of large systems of equations, 137
sorting and searching, 19
space-filling tetrahedra

grid generation, 70
space-marching, 351
spectral element, 124
spring analogy

mesh improvement, 233
stars

reduction of indirect addressing, 309
steepening

FCT, 178
streamline upwinding, 165, 202
structured grids, 36
subsonic pockets

space-marching, 357
substepping of advective terms

incompressible flow solvers, 211
superedges

reduction of indirect addressing, 311
supersonic flows

space-marching, 351
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superstep

multigrid methods, 148
surface representation

grid generation, 46
surface-to-surface interpolation, 263

Taylor—Galerkin scheme, 164, 179, 199, 202
Tchebichev acceleration
iterative solvers, 147
topological optimization, 451, 473
trees
data structures, 18
trial functions, 112
two-step scheme
Lax—Wendroff, 165

unstructured grids, 37
upwinding, 203

vector machine

computer architecture, 299
velocity correction

projection scheme, 207
viscous fluxes

Navier-Stokes solvers, 172
volume-to-surface meshing

grid generation, 73
Voronoi tessellation

grid generation, 59

weighted residual methods, 110
weighted residual methods with local
functions, 118

weighting functions, 110
workstation
computer architecture, 300
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