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A STUDY ON THE EFFICIENCY OF AERODYNAMIC DESIGN OPTIMIZATION
IN DISTRIBUTED COMPUTING ENVIRONMENT

Y.-J. Kim', H-J. Jung', T.-S. Kim', C.-H. Son’ and C.-Y. Joh™

A research to evaluate the efficiency of design optimization was carried out for aerodynamic design

optimization problem in distributed computing environment.

The aerodynamic analyses which take most of

computational work during design optimization were divided into several jobs and allocated to associated PC clients
through network. This is not a parallel process based on domain decomposition in a single analysis rather than a
simultaneous distributed-analyses using network-distributed computers.

GBOM(gradient-based optimization method), SAO(Sequential Approximate Optimization) and RSM(Response
Surface Method) were implemented to perform design optimization of transonic airfoils and evaluate their efficiencies.
One dimensional minimization followed by direction search involved in the GBOM was found an obstacle against
improving efficiency of the design process in the present distributed computing system. The SAO was found fairly
suitable for the distributed computing environment even it has a handicap of local search. The RSM is apparently
the most efficient algorithm in the present distributed computing environment, but additional frial and ervor works
needed to enhance the reliability of the approximation model deteriorate its efficiency from the practical point of

view.
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Table. 1 Specifications of network-distributed computers

Server Client 1~10
CPU Pentium 1V 3.0 GHz Pentium IV 3.0 GHz
RAM 1GB 512MB
08 Windows XP Windows XP
CATIA
s | OO | g
FLUENT




22 / MM AIZEE X

2192485 Ad%-£335-2%9

jobg EullE 4= glch 22y ODM AL o 73k AAZE
HE Wrlstn AR AAFES Adsle Aol A4
(sequential)o) =2 mlE] Huld 47} gtk o]zidt GBOMY
EAog st £ Z4HAE @A E GBOME AlFHE
EHE YehdA Ao

5A0
Schmit 9} Farshi[12]el 93] et SAO_ AP A
7I9re] 7z AAHAS ) H835S B AT A l%

29 F %101 A F2A4A 47‘45}"]] 2] AREE

o} 2Ab4e ZRZAKlocal approximation) 7]HFo= A (3)JJr
Zo] Taylor T—:JL—’F HNE AMgste] BEATF AotaE 2
24e] ZAF)(quadratic approximation) ©. 2 FH ST

FD)=f(Xy)+Vf (X -X,)
X=Xy HA(X-X)

o714 3342} 02 nominal designe €718}, H= Hessian
matrix®]th.  SAOCIA]  simplex HI A¥  ZAPH(linear
approximation)®} ZHE AXH]EE FY F s oF FL2
Zgolch Tt £ A9 gol ud¥ge] & A% 49
M APTAte} FgAdol A BolAnE o]F A move
limiyE 2HA) £ 73kl glon o) AN (design iteration)
35S AA Z/MIA ARH o= 22 IAM B} HlEEA
o] #r}.

B Aol o] 10719 EARNSE /M Aol 4 )
o] ZAEPS FAIGH= dldl, 12 nominal analysis®t
8171 3 10We] wes] X(perturbed analysis) X
F8p7] A% 559 A § & 66w TH3
GBOMellAlgt 22 eAH<l
ODM HAo] e flu, & 669 FH3A AFst 7iA|x
3 1Y) AANE(design iteration)S FAsEZ ZH AN
M2 b BAAE jobs Y F Sl

gradient &
HessianS

Aol Hesjh SAONAE

RSME A3 33l dueld F9 shtolrh AHHZ 3
dngFE HA FA 1/ noiseE AAAA AHHH
HE dg & g FHol AUtk =¥ LIFAAUDOE,
design of experiment)®} AAIS HAPE vlE] & 571 J>
v BAXE A ol Attt

DOES] &) 449 HAFA dsis] T4 3
T 2 ARE olgstel ¢ % ¢ ol diFt 23k wh3Ew

$

a

1234567
Design Iteration

1 23 45867
Design Iteration

Fig. 4 Convergence history of GBOM

wan?
9 32710
0.8 —
0.7 o/ 24
o 08 « \

10.5 . / Cd1 6 oo
0.4 08

03

0.2 0

1 2 3 4 5 0.

1 2 3 4
Design Iteration Design lteration

Fig. 5 Convergence history of SAO

< =, @

A7|A 3 = A HEEEES gvlelil, G, G G

E2x t@le A, x £ oM AANTE 37 el
t} dkegHRdel AlZges FE4HEAJANOVA, analysis of
variance) & 5-5F A AR Al adjusted R)Z H7F3),

AFAH F 3 2947 full factorial design)E A3t
% 59,04970] HAHE HA A, olF AAH(natural
variable)Z HF0] nominal airfoil THA £10%E 2I3H=
AARL AJAAM £ 58201702 HAHE AAsIHL o
719l D-optimality 27§ 283t HEHOZ 200709 LA
A& ARATk 200709 FESA S EaAHE A9 11
o] PC(server™= EIHZ 182 lot jobe FH3taL, F7IE 2
9] client PCE o]&3to] 1919 lot jobS O a5t & 19
e Jot jobs F-F3FAT

4. MAZT A FZ 3 5E2Y

Fig. 49} Fig. 5% GBOM¥ SA0S} FH#8E& 7t ®ol
Zth RAE282 &S x7|184os Xztslel GBOML: T4,
SAOE SH AANMIE R FHE T

Table. 2& Z7ke] AA3s} due|Eel died LAHZE A



§ANN 3¢ HAH=s}Y 584 AT

A114 235, 2006. 6 / 23

¥ AdE Bl F1 gtk ¥ W9 ;'S‘E'ﬁ"'ﬂ"" AR
to 31 Z}Kg/\‘kﬂ A2Q
AzZEe olF Homz AFgARE ook g ol F
TN gevor VeI 2 HH3} ¢ lﬂ%
FEHA 359 o) EAAY d9e A F
analysis lot 5=7F YER} gl o, 91714 1 analysis lot-: A
AFe A o] HAAA} #H F 1A client7} & ¥
of Fshe FHHY LFE S 109 FA THAE o
Axrt} | analysis lotoll 28FH+E Al | analysise] 485
£ A7 FYEtEE, & analysis lotm7h BASAE & A
& AA AA 2842 SgHCk
Al @T’}E B B Aol 7S 24 34 7

P

dhe] P4t %%1 a5 184 39 LATAS e
BER p_g% Mo] 71 &gAleirt v 74 duE

9 594 4 ] AA3 Bad 3719 #4] EE tral
and error 2rgo] 3 EAEHA HEZ(o]EL HEF HAH
A3} FA9) &4 v 449 AE T wet AT F),
olg ;| FA Holx B A7 glojils AAZHQ HA
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Fig. 6 Design result of GBOM
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Table. 3 Design efficiencies with different number of PCs
involved in the present distributed computing

iI’qCD’ of | Total number of analysis lots for practical design
sin
service | GBOM SAO RSM

6 =84 65 68~102

11 =77 35 38~57

22 =177 20 20~30

Table. 4 Design result of GBOM

i C Cy
Initial design (NACA 64,-412) | 04721 0.02321
Optimized sirfoil 0.8227 0.01313
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