APPENDIX D Multigrid Algorithm

The full-approximation storage AS) multigrid algorithm is used to accelerate con-
vergence to steady state (or to accelerate@exgence of sub-iterations during a time-accu-

rate computation). A sequence of grids, G, ..., Gy is defined, wher&,; denotes the

finest grid, and coarser grids are formed by sucaggsileleting gery other grid line in

all three coordinate directions. The fine grid serto damp the high-frequenerrors; the
coarser grids damp thewefrequeng errors. The coarse grids are smlwvith a forcing
function on the right-hand side, arising from restricting the residual from the finer meshes.
The forcing function is the relag truncation error between the grids, such that the solu-
tion on the coarser meshes arevelni by the fine grid residual. The resulting scheme on

mesh G, is given as
c c _
N;Ag; = -[Li(a)) -] =-R (0-1)

where qiC is the current approximation to the solution on m&h N; is the spatially-

factored implicit matrix, and; is the relatie truncation error (wherg, is defined to be
zero). The relatie truncation error is calculated as

i c N
T = Li(lie19i+ 1) —li+aR 41 (D-2)
The operatot : .1 Is a wlume-weighted restriction operator that transfersies on the
finer grid to the coarser grid
Qi+1

. J.
I — i+1
Ii+1qi+1 - 1 (B-3)

‘]i+l

where the summation is @k over the eight finer grid cells that nealkip the coarser grid

cell. The restriction operatd]'f+ 1 represents a summationen the finer grid cells which
malke up the coarser cell

N
|i+1Ri+1: ZRi+1 (0-4)
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The correctiond/; on the coarser meshes are used to update the finer mesh

c i c
Vi =0 =110+,
c c i (©-3)
a < a; +1i_1Vi_;

where the prolongfion operator corresponds to trilinear interpolation.

When correction smoothingséc = 1) is emplged, the correction¥; are smoothed
on G; , before prolongtion, with a Laplacian-type operatacfored into three sweeps.

Equation (D-5) is replaced with
Vi = q::_l:+1qr+l
(I —€£8g:) (1 —£78,) (1 —€8)Vi = V, ©-6)
di — i +1i_;Vioa

Theeg, €, , ande; coeficients are usenput values. When used, typicalues are 0.3.

The correction smoothingvercomes an oddven decoupling sometimes encountered
with the FAS algorithm on highly-stretched grids.

When residual smoothingsér = 1) is emplged, the same Laplacian-type operator is

used to smooth theqiC values, just prior to updating the prinaéi\variables on a gen
grid level.

(I —eg8ge) (1 —£08,) (1 —€28;)8; = Aqp ©-7)

Theeg, g, ande; coeficients are agin usesinput \alues. When used, typicaalues are
0.3.
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