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A Study of Parallel Implementations of the Chimera Method
using Unsteady Euler Equations

K.W. Cho, J.H. Kwon and S. Lee

The development of a parallelized aerodynamic simulation process involving moving bodies is

presented. The implementation of this process is demonstrated using a fully systemized Chimera

methodology for steady and unsteady problems. This methodology consists 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 are chosen to demonstrate the effectiveness and parallel

performance of this procedure.
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(a) Grid System : 3-CPU (b) Grid System : 12-CPU

Fig. 5 Airfoil + Store drop test case : Grid System
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(a) Pressure Contours : 3-CPU (b) Pressure Contours : 12-CPU

Fig. 6 Airfoil + Store drop test case My, = 0.6
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(a) Pressure Contours : C-90 (b) Pressure Contours : T3E, 3-
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Fig. 7 Airfoil + Store drop test case Mo, = 0.6, t* = 5.45
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(a) Pressure Contours : C-90 (b) Pressure Contours : T3E, 3-
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Fig. 8 Airfoil + Store drop test case M = 0.6, t* = 12.45
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Fig. 9 Airfoil + Store drop test case M = 0.6
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Fig. 10 Airfoil + Store drop test case Mo, = 0.6
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(a) Grid System (b) Pressure Contours

Fig. 11 ONERA M6 Wing M,, = 0.839, a = 3.06° : 16-CPU

(a) Grid System (b) Pressure Contours

Fig. 12 ONERA M6 Wing + Ellipsoidal Store Mo, = 0.839,a = 3.06° : 18-CPU

0.2H -0.2 - Experimenta (Onora Me}
K 90 (Onarm M&) €90 {Onara M6)
04f . T3E (Onera Me) -0.4 . TAE (Onara M6)
o6 — = — - €00 (OneraMs + Stora) 08 o — — = = CBO(Onom M8 + Stora)
: ° T3E (Onera M6 + Store) : ° TAE (Orvera M6 + Btore)
-0.8 0.8
" N i 1 H 1 S
[ 6.25 0.5 ©0.75 0.25 0.5 0.75
x/c x/c

(a) Span Station : 20% (b) Span Station : 44%



62

#33

A

A 533 A

r+
Ho

-0.2 - Experiments (Onesa MB) 02K - Expecments {Onera M&)
— G20 (Onera M8} C90 (Onera M6}
0.4 . T3E (Onera M8) 04y . T3E (Onera M8)
086 — = = = CH0({Onera M8 + Store) 0.6 = = = = C00(OneraMs « Store)
) ° T3E (Onera M6 + Store) : o T3E (Onera M8 + Slore)
-0.8 -0.8
o 0.%-5 0!5 0.‘75 0 0.25 0?5 0:’5
xe xc
(c) Span Station : 65% (d) Span Station : 80%
Fig. 13 Pressure Coefficients Distribution : My = 0.839, o = 3.06°
1.5 1.1
== Solver : gt Total CPU Time(A-Mode)
125 :A"""T:;::::de ——@— Total GPU Time(M-Mads)
o MBI
& &
go]s E
[ =
= 2
a
2” 0.5 o
0.25
0 0.6

10
Processors

(a) Parallel Performance

Processors

(b) Parallel Performance

0.7

086

oS

04

c.a

CPU Time Ratio

0.2

0.1

e Total CPU Time(A-Mode)/C90
= == Total CPU Time(M-Mode)/C80

Processors

(c) Parallel Performance

Fig. 14 ONERA M6 Wing + Ellipsoidal Store



