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A Study of Parallel Implementations of the Chimera Method

Fa Az o 54
W. Cho J.H. Kwon S.Lee

=
K.

The development of a parallelized aerodynamic simulation process involvirg moving
bodies is presented. The implementation of this process is demonstrated using a fully
systemized Chimera methodology for steady and unsteady problems. This methodology
consist of a Chimera hole-cutting, a new cut-paste algorithm for optimal mesh interface
generation and a two-step search method for donor cell identification. It is fully automated
and requires minimal user input. All procedures of the Chimera technique are parallelized
on the Cray T3E using the MPI library. Two and three-dimensional examples zre chosen
to demonstate the effectiveness and parallel performance of this procedure.
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A ALAZD F 2 FADY, So]Ad ¥ branch-cut 59 FAVE AFHLE Hold
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poml point overlap
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Overlapped Grid

@ Normal Point
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B-Domain(B-Processor)
(a) Grid-to-grid ¥ intra-grid communication (b) Data Communication Technique

2%[1] Parallel Data Communication
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2.1 4= wE A
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3 AP AHL 3 Roeel FDS(Flux Difference Scheme) 9} 23} o] Abe] F3F o] 4ks} 9 &}
& ZEE MUSCL(Monotone Upwind Scheme for Conservation Law) ¥4 -& A}g&319tt
Minmod ¥ Van Alabada #| $+2}(Limiter) & A}-§-3to] TVD(Total Variation Diminishing)
AL ZEF g od u3L A5 A8 218ty AR MAH Z2aP ) FAT AR
% (Dual Time Stepping)-& &3ttt o] FAT AZH2> WA A 71ye] e A3} 249
ADI(Alternate Direction Implicit) ] o] ZAF A5Ealol] 2 3t 235 A A7) 98 7L
Folth ol Aol AT E ydty o] A|F o s ADIY 9 WA A FE gy g 324
2 A2 AZtZd) tha) 2318 F 85 E 742 ok MIMD(Muiltiple Instruction Multiple
Data) gel9] ¥4t v 22 & 2= AFE QA Cray TIES MPI glo] e g & AL-g3le] ¥ Y3}
3131 .o Blocking SEND/RECV ¢} Non-Blocking SEND/RECVE Z&tate] AL &8t 3 4
Age ol FB3HA ABAF] o] FAAEE AT

2.2 w#& Chimera & 2%

T Z2 A Aol Hole-Map-g # 43 Chimera & AT 332 1[2]oll M9} 2o & HA
£ Abolo]] =2 U B¢} RS TEY 4 Q)= Cartesian AE 748 == FA o2 24
G EFE FTFAB F el Qo) ol HFE W3 A7) 3] B =RAdME o
% 22 HE & AHgsiglh '

LI
1117

I
|

SITTTTT 1]

(a) (b)

@ ©
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nbody =1 O Representative rank for each body.

O__ -
_ original rank 123456789 101112

3 | o4 newrank(irank) | 4 53 4 1 -1-1-1-1-1-1-1
nbody = 1

new rank(frank)
nbody =2

411112340111

new rank(lrank)

----- 1-1-1-11 4
nbody = 3 1-1-1-1-1-1-1 23

Data Communication

0 —0—0

if total number of nbody = 3
Step 1(Send) : ¢-1 --->¢-5 --->¢c-8
v call MPI-BCAST(lcomm(nbody}))
c-11
,}2‘?“0 Step 2(Send) : ¢-8 -->C-1 —>¢-5

call MPI-BCAST(Icomm{nbody}))

19[3] Parallel Chimera Hole-Cutting
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3old 2We) A2 AYL 37 E. 24 Ul E Z2AA 7 22 Hole-Map2 ol A4 3
o]¥ IFEE MPI-BCAST glo] B2l & A8-ste] s k. 94rA 2 dros =2
MM Eo] ¥ Hole-Mape AHAl0) 4% &)< Hole-Mapo] ohet A ¥ Ba7} 71 3 9
W Hole-Mapo] ®th et z+ T2AME zH4Alo] 723 Qe AxE S dsel T4
BEAELE wasHA Ao 429 AR AVEEE TN FHEA uEo] oK
% =& Non-Blocking SEND/RECV & Al-43l512 9 Chimera & 3% =32 A Chimera
AAA FRXAY 10-15% F 5 a5

2.3 %Y 9992 714

AAAT F& A5 FJEAGE e 99974 719 Chimera 719 Y EFAF A
7FF Al ko] Bo] LA HE ot B =Fo) A= stencil-walkd 7ol 27 € 243 294
#7] B3 & o] 43t} Fo|A A7 (InterGrid Boundary Point : IGBP)S ol o) s} donor®
& T 9992 AP L &R Y& 8 B =M= ZRAAAE v
Y AR B Fosiich 499 3L oE ) 22 ™ [4)).

o % TRAAE AAe] £8 ARANA ABAES T BA).
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[l
Processor 1 e iR s
2.Sendlist Processor 2
3. Perform
"""" Search
1. From IGBP list

- - .

4. Send back
donor locations &
interpolation data

1% [4] Parallel Search Procedure
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(a) Grid System : 3-CPU (b) Grid System : 12-CPU

33[5] Airfoil + Store drop test case : Grid System
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(a) Pressure Contours{Min. Value=0.25, (b) Pressure Contours(Min. Value=0.25,
Max. Value=0.85, A=0.04) : 3-CPU Max. Value=0.85, A=0.04) : 12-CPU

Z134[6) Airfoil + Store drop test case Moo = 0.6
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(a) Pressure Contours(Min. Value=04, (b) Pressure Contours(Min. Value=0.4,
Max. Value=0.84, A=0.02) : C-90 Max. Value=0.84, A=0.02) : T3E, 3-
CPU

=29(7] Airfoil + Store drop test case Moo = 0.6, t* = 5.45
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(b) Pressure Contours(Min. Value=0.4,
Max. Value=0.84, A=0.02) : T3E, 3-
CPU

(a) Pressure Contours(Min. Value=0.4,
Max. Value=0.84, A=0.02) : C-90

Z13(8] Airfoil + Store drop test case Mo = 0.6, t* = 12.45
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4 8. 8 ] 1 14 16 10
z non-dimensional'fime '* non-dimenaional

(a) Force and Moment Coefficients (b) Store Trajectory

1g[9] Airfoil + Store drop test case Mo, = 0.6

“ e Total CPU Time(A-Mode)
it Automatic Mode ' smpmes Total CPU Time(M-Mode)

12 i Manual Mode s Total CPU Time(A-Mode)C0
~@— Solver =@ Total CPU Time{M-Mode)/C80

CPU Time Ratic
s o
» o L)

o
N

(a) Parallel Performance

o
L

CPU Time Ratio
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(b) Parallel Performance

¥[10] Airfoil + Store drop test case Mo = 0.6
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(a) Grid System (b) Pressure Contours

23[11) ONERA M6 Wing My, = 0.839,a = 3.06° : 16-CPU

(a) Grid System (b) Pressure Contours

2¥[12] ONERA M6 Wing + Ellipsoidal Store Mo = 0.839, a = 3.06° : 18-CPU

(b) Span Station : 44%

(a) Span Station : 20%
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©00 (Onern M8} U0 (Onern M6)
04 » TIE e M) 04y »  TSEOnerm i)
o8l - = = = 0D {Onerm MG + Store} 08 = — — = CO0(Onera M8 + Store)
1 ° TAE {Onarn M6 + Store) ° TIE (Onern M8 + Siore)
089 0.8
g o - 1 ——t 3 MDY NV U S G S G ———|
025 05 0.75 4] 025 05 0.75
x/c x/c
(c) Span Station : 65% (d) Span Station : 80%
22313} Pressure Coefficients Distribution : Mo = 0.839, a = 3.06°
15 19
—a— Soiver ] i Total CPU Time(A-Moda)
sl —~— Automatic Mode —@— Total CPU Time(M-Mode)

—~— Manual Mode

CPU Time Ratio
CPU Time Ratio

ol—% e 5 o8 — s ~
Processors Processors
(a) Parallel Performance (b) Parallel Performance
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t —a— Total CPU Time(A-Mode)/C30
osr — = Total CPU Time{M-Mode)/C80

o
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CPU Time Ratio
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(c) Paralle! Performance

21Y[14]) ONERA M6 Wing + Ellipsoidal Store



