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A Study of a Multigrid Finite-Volume Method for Radiation
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Abstract

The convergence of finite volume method (FVM) or discrete ordinate method (DOM) is known to degrade
for optical thickness greater than unity and large scattering albedo. The present article presents a convergence
acceleration procedure for the FVM based on a full approximation storage (FAS) multigrid method. Among a
variety of multigrid cycles, the V-cycle is used and the full multigrid algorithm (FMG) is applied to an
analysis of radiation in irregular two-dimensional geometry. Solution convergence is discussed for the several
cases of various optical thickness and scattering albedo. At small scattering albedo and optical thickness, there
is no advantage to using the multigrid method for calculation CPU time. For large scattering albedo greater
than 0.5 and optical thickness greater than unity, however, the multigrid method improves the convergence
and the solution is rapidly obtained.

a 48 AFdE
7|54y By AEASE, =k, +0, m?
R P

A co2aE AT ¢ . ogud 499 A9
DT e R L w
¢.8, : TH N HAL A3
i A7k Z‘l%?%]—’}‘—(interpreter) AQ : AAZE
I BAZE, W/in? s
I, : A BAZE, W/n?-s) o 3%
7 9 A K, ¢ ®FAF, m™
R SHE R ;o ARAF, m
ST ANE
S b A4 9
T 25, K 1. ME
JB]AEX} AEA e AA7|Fe) 9P dAG dgow

t Ay AgRA F FF, WAL 283 AEd

9 A, 3 2} ] AN = 5 3
SR O GANER SEUANNES  ye we wEs AEAY FEAES U Bu

TEL : (031)365-4733  FAX : (031)369-4643 ollzgl 2x9] 4 Fol v}y W daxA}
* 29, ¥FRI &7 897 e 129 g6 glojd 2 ddte] mj$-

gl = & = =7 =
** 3]%, KAIST 7] 7“]%?—;}"} SJ%TT%LH—} XCI%L %‘_8_'3]":]’




136 vty - Exs -

o wAw HFZASG vAHAE AAANAM
o] FEagddg sS4 7 Ee] Ad=HAG. 53
FHAHPRIe 0 FEAAY FFHYLRZ A3
A FE2g3 vk 2y FFAHYLE FEF
HYO3} opxrlx 2 FerTAzt FAEFF,
A7t BEFE 28 g Wabgo] Zopd
2 sygAo] yopAttn 4HA vk FHdEs
g AHS3lE d4v] oA IRFHeR & FEF
A e EAe SAEAY M BES WA
ot g7 FHAS MAE Asteq A7 By
Zo| AAH 1 gt} Fiveland and Jesse®'= F43 =}
F4o] 20 AAEHAY B7hx #B¥, F, SOR
(successive  over-relaxation), A XA & (mesh
rebalance)d, 23 7} (synthetic acceleration)y] %
& BArd A A g3t vk o] FolA
N FEAES QAFE FUMIIE BAALE
e Ztxo gig BAZEE HEsS FFEF
of 3 HEWAHAGE FAT T o|F FI 7}
Wake] BEAZEE BAGE Aok 22y o]
W Az P = ZelALF, & HAATL
]9 s d Ae AFFo] HojXe @A
& AY3z g} 83, Mathur and Murthy"= A%/
AL EgdAg A dolN tBEAA 71
EEAE AANBEAN A AT EApdE
A2l g Afsty TAE st MELE AHS
AeratAct ARt 25L& Tkt dig 2A
e nEdges gFEFARYE UAJME CS
(correction storage) BHH -2 A 43le] diF/AZ/EAL
igdAg Rurvt A ujAdE A g &
48 B £ drk B3, w2 E8HAE
T3 AT e A7) At 4= BEES Al
434 35S AS HWE FAE ¥ s
2t}

B AFgNEe 953 1P FAS
(full approximation storage) W& EALE WY 34
€ A% FFAHYEA H &5 F4, 2 v
5 A@ste @AM BAadg WA
H4 "Ae dFE Atz o 5A3
1YL AAFAGE FopillM F5F ML 4
& 7Y HEH AFH 2AE a&HOR
AARGoH HAF3Hoz FHAAE MAE 5+ AU
Atk B dFE HAG4AYE H4E AT H3A
el oA =Yg FAAY 470 AARAE o
2oz 239 583 Anet AAE FIY
F AT dFAREE HE39 &F HApdEAE
2 HAe/HA EFEde g 53t dEFHA
He] a&4& AFur o

B 5

2. O|&slH

2.1 CHEH XY

A el glola qddAA AP L A=A o]
@3l nFa 2aAE E&HoZ AAT F %
ou £ AeiFA AFa 2xte AAE g
A EAFA FPo] vl = ¢4, tdF:H
AR olg dUdARSY] AFH QAE AZ
oA EnHo 2 AAstnA e WiHelth L
dxz A7 AzlA dojz HE 2T AR 9
At HaAlFE oS £ 271218 FuaH
Hol $£HAE BAsA "o AMEE tdEAz
L AFA] BE Az nEstn AlAE £
3= FAS WS mEréd)

k WA AxANA deole] Bigo] i3l A3
€ 7HAsHE,

k_k k

ag =g n

Q71NA ot sk &z AFBEL 4T
Heoltt,

B, 7 20 ARANN Aol Az
W AR delH o BAbslE dslohe o
2oz ggs) go) ey R E 7 4 AT

Afgp* =% —R* )

71 A, A @A 4 (e WE
atpt - At¢* =¢c* -5+ R* 3)
2 3y gAY 71EHeE AgdEn. o

A7 AZAQ] k-1 AA AR thate] 4 (3)
8319,

tlo dlo

Ak4¢k4 = §k1 +Ak~l$k—] _’§k4 +i:—1Rk @)

dE F Atk A71AA k-1 ARA NN FFE
k AZRANA ZAME §& ol &ste] ANEHY
BF k-1 BAANA g Aadstd g1 g o
F ek ol A @9+l g AP
e i AfRo] AHY REEe] FEL k-
ARAR 2AE g @ ANE Fo w2
AREE A% nPEY. W, WEe e 2
AHe g 2ol uiita gatez FEAd &,

o > rlo ajo

- o



BEAx A0l o8 SALAY A 137

§r =it ®)

R¥' =i*R* = Rf, + R}, +R{  +RE 1 (6)

k-1 AAHAIA B S E o] &3td bdE 72
o] k AAAZ ] HAo] o]FolZr}

¢k — ¢k,old + i:,l (¢k—1 _l-ll:—l¢k,ald) (7)

gH, s FFHA AfolE FeA B AT
A} FMG(Full Multigrid) ¢ 28|&& o] &% V-A}
ol Z2& HE3lY AAAEIY 2t et oA A
g2 s FRAT

2.2 FEhA X

4, A 2 AgskeE AWEAY g9 A
Holl A BEAMZ=E ths3 Zo] vehd 5 v

AC3)_ 15 5) w1y (F)+ 2
d 4

B, =k, +0,E 2BAFIL OF —>3)
A3taolth
24 QuEY WY A% e
HALS) Whale] o g AT F,

A7l A, k, & FFAFL, o, £ AT,
m

1 8)= el () 22 IS 02 )
n $'T, <

FIAAEE A ®T AAARH A= o
dol 422 stz oo AW, dEAN 2
AREE d4sn 94E ARz Qddga
AR W Fig 1 % 22 2 A9 FEAAN %
e A¥soz 4oy 4+ Ao

aply =agly +agply +ayly +agls +by  (10)
o 7)ol A,
a = max(- A4,D" 0) (11)

i~

ap = Y max(Ad,D].0)+ B, ,AVAQ"  (12)

i~

by =(sr),avaQ" (13)
D" =.[W (5.7, )dem (14)
aom=["dam = [ - J'::sin 0dods  (15)

S" =k I, +== [ 1" @™ " ey (16)
4 I

=4

¥
b . . * ¢
n,
’W.w— P. --eE. 4
s
b o g . &
» . - x
0

Fig. 1 Grid system used in this formulation.
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Fig. 2 Schematic and body-fitted coordinate grid system
for a expanding nozzle
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Fig. 3 Iterations required for convergence

Table 1 CPU time and iterations for convergence for a
variety of isotropic scattering albedo

@, FVM Muitigrid FVM
CPUs Iter CPUs Iter
0.1 23 99 26 18
1 42 197 24 18
10 515 2530 214 165

Table 2 CPU time and iterations for convergence for a
variety of isotropic scattering albedo and
extinction coefficient (¢, =1.0)

FVM Multigrid FVM
Bo |
CPUs Iter CPU s Iter
10 0.2 22 90 25 17
’ 0.8 34 146 28 18
20 0.2 20 83 26 16
’ 0.8 39 167 27 17
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Table 3 CPU time and iterations for convergence for a
variety of isofropic scattering albedo and
extinction coefficient ( €, =0.5).

@, FVM Multigrid FVM
(Bp=1) CPUs Iter CPUs Iter

0.2 27 120 27 18

0.8 52 226 30 19

Table 4 CPU time and iterations for convergence for an
an-isotropic scattering ( €, =0.5).

o, FVM Multigrid FVM
(By=1) CPUs Iter CPUs Iter
0.8 51 222 31 20

Table 5 CPU time and iterations for convergence for
conduction-radiation.

oM FVM Multigrid FVM
(Bo=1) CPUs Iter CPU s Iter
0.5 2.e5.> | 500> 5848 49
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