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Two-Objective Optimization of Aerodynamic Shapes Using Gravitational
Search Algorithm
Mahdi Hoseynipoor, Majid Malek Jafarian’, Ali Safavinejad

Department of Mechanical Engineering, University of Birjand, Birjand, Iran
*P.0.B. 97175-615, Birjand, Iran, mmjafarian@birjand.ac.ir

ARTICLE INFORMATION ABSTRACT

Gravitational search algorithm (for the first time) has been used for two-objective optimization of airfoil
shape, in this article. 2D compressible Navier-Stokes equations with Spalart-Allmaras model has been
used to simulate viscous and turbulent flow. First, efficiency and accuracy of the optimizer sets have
been evaluated using inverse optimization. Objective functions were difference between drag and lift
with their corresponding values of the NACAOQ012 objective airfoil, as a set of airfoils was randomly
chosen as starter airfoils in this case, and the aim was to obtain the airfoils that satisfy the considered
objective functions. In direct optimization, gravitational search algorithm which has been used in the
present work, has achieved proper parameters (related to the Parsec method) and consequently has
found optimized airfoils with maximum lift and minimum drag objective functions. This algorithm
starts to solve using a set of airfoils and it is directed towards the airfoils that provide the mentioned
objective functions. Comparison of the results (Pareto fronts) shows better and more proper
performance of the gravitational search algorithm rather than particle swarm optimization algorithm and
former researches (done using other meta-heuristic algorithms) for aerodynamic optimizations.

Original Research Paper
Received 06 February 2017
Accepted 25 February 2017
Available Online 03 May 2017

Keywords:

Two-objective optimization
Gravitational search algorithm

Particle swarm optimization

Parsec method

2D compressive Navier-Stokes equations

5550 )8 S 0550 Snludg pl ain) 10 o5 albemr (i e
wBboe b gl

50 glas a8 el soly litd candS Slidsg ) edel Caws 4 gl

o 5 liie 13 amoe @) 1, Sglite SlS ults da ghnl o

ool ysaaes 18 adlas 850 i 3l Gl |y 53U ol (SSsSe a5 Was

sl i slaigil aliie Slpe st 45 wisd aryie L] L,

@l g o Djyge 4 1 0ged 8Ly Ty g 2 B oS ik

Please cite this article using:

doddo -1
S Cd o g blE Swlus ) slasls Goglee L Salusg ]
plazl n ol Sl lsm lyz S, (cwyp 4 &5 Col VL Sl
Ol dnuloes o (Sonlindg pl Al S Jo 5l jolate o3lo o0 Sy
Al skt ol sl sl e Sy SLLI o T cles 5 ,Lid wis e
Sewd 4 Jo SS 4 G 25 S |y Jlw 0z 2 oSl sladolas
IS 055 a1y ez 2 9)ly sl ysliisS g by ol e ool

s led oalilw! J2d @ jle 5l Ao cpl s gla ) (sl

M. Hoseynipoor, M. Malek Jafarian, A. Safavinejad, Two-Objective Optimization of Aerodynamic Shapes Using Gravitational Search Algorithm, Modares Mechanical

Engineering, Vol. 17, No. 5, pp. 211-220, 2017 (in Persian)


http://fa.wikipedia.org/w/index.php?title=%D8%AF%DB%8C%D9%86%D8%A7%D9%85%DB%8C%DA%A9_%DA%AF%D8%A7%D8%B2&action=edit&redlink=1
http://fa.wikipedia.org/wiki/%D8%AF%DB%8C%D9%86%D8%A7%D9%85%DB%8C%DA%A9_%D8%B3%DB%8C%D8%A7%D9%84%D8%A7%D8%AA
http://fa.wikipedia.org/wiki/%D8%AF%DB%8C%D9%86%D8%A7%D9%85%DB%8C%DA%A9_%D8%B3%DB%8C%D8%A7%D9%84%D8%A7%D8%AA
http://fa.wikipedia.org/wiki/%D9%87%D9%88%D8%A7
http://fa.wikipedia.org/wiki/%D8%B3%D8%B1%D8%B9%D8%AA
http://fa.wikipedia.org/wiki/%D8%B3%D8%B1%D8%B9%D8%AA
http://fa.wikipedia.org/wiki/%D9%81%D8%B4%D8%A7%D8%B1
http://fa.wikipedia.org/wiki/%D8%AF%D9%85%D8%A7
http://fa.wikipedia.org/wiki/%D9%86%DB%8C%D8%B1%D9%88
http://fa.wikipedia.org/wiki/%DA%AF%D8%B4%D8%AA%D8%A7%D9%88%D8%B1

VblSed 9 993 a0

LS o @i )95l Sl 0 Sl b SSaolia 39 3T JUSubl 453893 (5 5lw dine

Gilwag [11] Kee 5 oo 2013 Jls o asb, S
Jlo o wsls pll @ld Carez w68l g, 4 1) g8 ! ddamais
S5 98 Lo |y ol (g8 oo [12] oS 5 (595 50 2015
Sen g oS 2016 Jlo 5 i3S (slutig Basnir Oyge
Sl S5 9, b g pl ddamair leaise 4 [13]

GMaS oz ot ) S5y s sy oS
ol cligle;l s ol ond @) g5luagy Jilos o (sl a5 oo
Iod B LUlys 5l oz Ples > gl wiysSl ol 45 ol asls
Pl 3l ainge yskaie @ o o8l (nl 5 Sl 4 B [14] ol o555
adangd w08l ol IS s A el sad solatul | Seliuog ]
Coroz> p...,)ﬂl ol 00 u)f S50 ek ol 6l 6“““; (8§
@b gl (Sealisgpl Jlue S 50 5 3)l0 51 syl o 5 23
Lo s pl adangs silwarage 4,k sl sln GBS oz Gy @
IR Ly 5 Tl o ploson (siluane jsline (ol (sl 055 a3lo
SaS 4y ool Casy gl b alols s g ond plool (Luy LialS 5 T,y
5 (ol dllie (Bain s bawgs ool plnil) O3 Copne (giluainge s,
ol 00l dnolie ul.u;r.o )in) C.tLu

g8l 4 255 32
Shedin Giludingy sladegarmon) 5 polie 5 (o 392 lae 3k
Gaein s pshaie a4 ailios o] awain g sl (229 «is )
ansin Gl ol 53 e b 45 (55 4 ot e ol el g
el 5l higdpl sawain adgi g, Sl s s ) hsinl
(hodpl awain Cgllal By Dy 0 &5 iz lal Jloye (YL
Cewd ;0 b g o0yl s a1y 095 a5 550 (cawdin Cuuilys pupless
(99 Cnl o canlie uizmad g mealess SIS s Glyls T 4]
sl walex Jlis aly ol Kew 10 Bb L g ol Ko poe

1pj wdlis g nl samain (Brmo sl LI gy So ey g5
sy ol o (18] el VL i Slhasl 5 mpe 2Sen Sl
oasd 00,1) alee B > o IS el 11 Lags (1 abal) B ol
ol bagi gl (s ccalpd (8L 5l il e Sty (g 5
el 25 Oyge d el sl (L JSD) 995 g0 ol

() 0 o - @

ol 39 2T Sllono -3
ol SYolas wil e hisdnl S (Sealipog ol QLS 551 s @ 4l
ool oY clie S cwVolae Jo jglite 0 13 08,5 o T Jg
Iy Loo g jlid ey slaglous sy U ooy (B <ds lyls b 5>
Syg] Cawd & w95 a0 o Gl s

Silwteed Gt sl yge @ oliie 1) hfnl So Js> Ol
el oal 48,5 A s (Jgo )35 5 00 gyl Ol ol L 0 S
5 5l sl 5o 4 <y iS5 Nolas oy Sl SYolas
09 5 ol U8 il oo [17] Lol -0 Vel o250 e ol pen @
il ) Oygo 4 (gam g0 Sl 0 SYolre ol as

5 a%wWioEYS% Uv:iwa | Aned i Cywia

CAo p AL

Ysone gl e 1960 JLlu 5 1 1 0inilef Coad ngee o
I8 o 3590 9k By 53 gdnl (paiz Wb 28l e plmil ol g 5o
W35 (o (B it bl Olre 4 hsfnl oSl 0 5 S5 e
NS O)lge pan 5 a5 gk 4 S anie g pole) Sl sl ol L
G el go)le o fizmen [L2] 0l 5 cpl Bro el i
sdel s 4y Jgdpl 00 Byl aags (SIS 2By shls eael Cewd
Dl a5 12 29,5 (Brme oo dige SalS Jigdpl plgie a4 Sendles ool
Cews & Sedlgi o 55 1) 6 @l Lk i lagiles] s i
T S gle do e (BB g pole) aiza ) S92ge ISLe Ll ams
A e 8 sl

3 ke Jozo (CFDY) glusle oVl Sy gamwg b
595 % 59) CFD oy, anwg 235 plil lahod ) (s5lwainge
1 baigy ol ekl sl 2 siluaned o Ll g oo g ol iy
Ol 330 saxugi b liie & 55k 20,5 oo Jlow] by, So 4
Sk By o a8 Wil pleplyr ileand 4 sl s> e s,
Oiulejl g el 4 g5l 500 Gk cpl 4 (3] wises o plol 4 o6
5 oy Sro b Slls sloig) b g 095 0k Jig o A sladisd !
3 g oS Lalaloo s @ 0l sl b (S a8 (40
gblio ) (s ygd 5l oolitnl el (S jsk laad g ouisS Jos Lailyd
S92y SN Jxe cadnio pyige LS Sl o AT g9k 4 w0l e
Sl ol 2l Lo wilitee (b lacdan immes 5 Sglite lagl >
Gt 2 U S Lk ol & pgane Jishal (SIS o)lse sl &S
Ol )5 sliss 2 Ygano ladigd nl 0590l 9) Cnl 5l peiS Ty Zews 035
S Oype & il (Sesludgnl JKI sileaney Wsde (b
S3bwaiage 09yl Plas (Soez s 4 0y plnil e iz | adas
JEl sawain giluaigs cul o950 ol Cowal 5l Adon s
asgome valyo ds () 4 3 ndy e el Al o as glieyr (Selbinng
2 awaip 0Jy Gy ceslie g, OBl L1 e co oS | jleaige
ey ol 3 Sealiyng ] Slasloms sl (gl canslio 39, ol
bie jlsdigy

Sglite Blaal g Lulyd b Jigdpl ALk b, 5o ool i
S e Onl el Gl |y il o gy g Lo lnl g wlesged aldl
dasnr gilwag 4 [4] o) Kee 5§ Se 2004 Jlo o ales S
2005 Jlo po szl S wiyss g ShalS (g, SeS @ hgd !
oo pj ohuz kbl co bednl gileans @ [B] (omies 5 9IS
23 Ohey &S wLS *MOPED 55, ;5 solitul b ddossis &ygo
5 2006 Jlo 3 crizen o 485 IS hsdnl awais wls sl
2 0,5 (gludig dassiz Do 4 1) hgdnl awais [6] ) SKen
o sl g oolinl (giluaigy ylite 4 S5 e Sl 51 LTS
5 Llgl 2010 Jlo jo b 8,8 Sy o awdis oy ey ol
53 00 I gl dbangs (sluane sln 1, Sy b, (7] oS
Basdiz Sype 4 Jigdnl jleag 4 [8] oS 5 L 2010 JLo
Wdan sz sileanty o) b bl ALk 2011 Jlo s il
2013 Jlo 58 cdply el [9] oS 5 o)S by «Bly3 Cunax
w9500 5l oslial b Jogh ! dbamaiz (sjluaige & [10] of)\Ken 5 5501

! Computational Fluid Dynamic
2 Multi-Objective Parzen based Estimation of Distribution

212



VblSed 9 993 a0

LS o @i )95l Sl 0 Sl b SSaolia 39 3T JUSubl 453893 (5 5lw dine

bl oo 8,55 oo plol (il yo 4 b5 S, Sloj ol )b LSS
L)l po [18] (hlSes 5 (ygumanz Jamsgs lal j5S 3 goue Jo (ol 5
Ooglre p3 Slilugs Bi> jelaie 4ol By pdeSTS Gl Pl b
WS 50 j95de 298 5 3 JSl eghan I )b (sl gyl
ol bl cllo auypy yols allie jo Lo Ban aS) s 4 el ous
xS hmgie 5 (Jome Sloy o5 2l (o] Ked @ (sla by, il
Solo IS o ) ISy goue o sl 43 ISy 50 browlo 3§l e
-l OYolre o jolaie 4y 3] ans 4w jo ke | g b o
ooliul )90 Sunliodg pl (123,25 5l (oramg arsls (sl gl g S gl
RCOWH PR VOVSRGH | VN I OWSRAPUE I g -
9p 16 0,8 ol L O gg 5l Lol |15 o oolatul o0 (gamaSis
Slhecesload and 5 3k o 30 by ol 15 50 el s & ol
S &0h o515 ls Jugdpl a0 o5 958 00 oliiul (sanaSid
85 il dd (295 4 |y 550 sV Ol b ogdion el pal ol il
Ghudin cod oS gl aslr ad )0 0sei o)ly o o ]y ol U s
S 5l bz 99 &5 hsbnl 2lesl G4 )3 izmen 5 039 3L e
Ol el i by Jelod 0 Coles i) oo o0 4 ol 9 VL
Oly sy 80 L B aged i, 1) 4t Camlis lacend 0l o
o b 1y eolaiul 90 oSl Sl slaigas 2 S 58 Jelo | b >

JEV- )

S14asG0 (S Hlwang Sbda 5951 -4
gl o 3Nl (g5l digy o by, 5 (laiws 4 glarilSe laps 56X
35 5 bl lsgrgn 5, by [Sab slasil 3 s 255 ol oS
3 S eslaaslSe sl by, 3l eolaiul b ddasais silwdige B gans
Sengerro el 0 liizne (gooliinl 3,90 9 005 » (g sladis;

el 2y Y 4 labs,

3B hal a0 s 2 mly itie Sledlbl 4 5l pae 1
& 6zl SebB g (g pdyillas]

3 g Cola 6l 5 005 Joo (irexr Sjgot s cnl 251
5,505, b (lalSe slapiy,5KI| a5 Ll 1 aiiS o olitasd Swijly b
- e Sl 1y Ly 5] shaeyame olye 5 5515, o S 4 550
[19] sl oo oo ddsmaiz Plas Jo sl sl (5,150l oS

Fig. 2 A sample of used mesh in the present work
ol 5 55 ooliiul 050 a8t 51 (slaiges 2 S

213

e

Zlo

A 4
Z xxlo

Fig. 1 Parsec control parameteres

s S sl il 1 S
FO p RO TFO

. Ry —_ A R . —— Y 2
T T Tw 2A T T @
0 50 zPmé S slaylop O 3O by SleS Jop @ o

E
12

W3S (o e ) Dygo oS 039 dedr alex Yy i) Lo slals

g
lon ®

U

8.

O n 60, (4)

110 n On ©)
TR - TR ¥
o n rl
11 T 1l
~ 11 T 1l
0 , .
IT 0 t o nn (6)
o T HIN
u o U
~ n 1l
1 T il
“ (] T Il
°arbote dn ™
(N} ? y y ' l_UI,I
u o, w w
T,
~ 1
Y |r[:’: 8)
| hl"l
uoV

30 sy sailge i 4 Oy 0 H) 00 (8) b (2) wY¥oles o

5 Sl i Slois ooy S Gl pite (S By Dol
Loy i sleadlse T oizes wis Shuiz 5 J5)0 (555 g0
50 w8y Joo &y bgye saadz galez 530000 plii ]y )l
oolaiwl goue oS 5l WSl Yolae soue J> jshaie 4y all o oolatul
zob) d595e wx> g,y 4 (2) Wolre Jladil cgoae oS ol 0 ol 00
@ e by 6rpS Sl prizes Sl B D90 (655 0 JOl

5 an%wWaEYg9 Uv: v | Ao q



VblSed 9 993 a0

LS o @i )95l Sl 0 Sl b SSaolia 39 3T JUSubl 453893 (5 5lw dine

M, Fiy M,

/A

Fy

()
" O

Fig. 3 Acceleration of each mass towards applied total force
oad Jlasl IS (59505 sl 50 2 2 1t 3 Y

b oo iy (2alS oles 50 4 (15) sabasl, b 1,55 o
06 om0 —— (15)
J5S 50 3 U9l eealps onl b il e b slael T47OT
ot ol SzgS polie 5 it (39lS 100 S5 polie aSg ek 4y 0ads
cls walgs Jlis a1y yiis (g9

Gl ogs a3 )3 ko Bas alb Kils glow b @ld o>
58,5 oo a5 (17) 4 (16) Lasly, jslaie oy
. a o 16

u O T

B a o (16

0 o 5a}$@oalawi a)éa.gaS;:wlu.ogd B398 kulg, jo
DQi0055 Luly, 1 Coul I3 plo 4 Card 0,3 18 a3 oo e
Dabbse oy Sy w0 €1 D@

. EE®  xi 060
@0 ZEGOxT 000 an
xi OOOI A@EE nQ pM R (19)

S5 Lol oS o 35lg gyw 0SS 4 Ol e GSA (1 )61 o
S 29 aeloe sly ;o8 53 ol T sl eolinal jslare @ p2l>
() ool B e 5l Jlosl sl o g0 3y 1 0)3
Sue Su b Canboo gy cnl aigdoe Bl wi)ls 1) @l 020 45
Wigd goz oSy b nj Syge 4 (Solas
O o i 0 o (20)

oy a ] pro coow 1 Qegs 10 a5 il 09,0 0 20 aba, o

Sgdise Ol
Bedee py Qb 4 e d oy p Jleel (595
. O 0 (21)
w o TR
U O
2,5 dles s 3 IS 4 Ol IS 5 e a0
b op & o OAI A o (22)
o p ®O U O p (23)
S Mar W Gileaae RNl -2-1-4
(MOGSA") il,8
4 Multi Objective Gravitational Search Algorithm
5 a%WOEWS% Uv: i | Aned 1 Cywia CA°pAl

il Jagdnl S o Slos (glaygiS (n yiage 3l Ty g Ly o
£8,5 515 50 Bae gy ol a Ly 5 Ty calpe pole 5 0 1Y
a3 Hlojed Gge 4 byl 0,5 ALl g dliiin 4 a5 4 g ol

Wigdiso iy (10) 5(9) Luls, ©pp0 4 @l nl 05 0

5 0

NG ©
. Oi
6 —

v (10)

4y aed Ly 5 Ty 556 < 4 (10) 5 (9) Lals, ;2 0150

g o dmslme ) )90

0 0AT—O tOEF Qi
DAT-O 1O Qi
(11
01 00 EF tAT-O Qi
0O0EY AT-O Qi
0vo TA O i 12)

\ & e . . & a

(GSA) (£4l,5 (sgzmimer pe y55) (b2 -1-4

5 adlr Gl e (iludir gy S (GBI et o )oNl
w85 Sl 0003 o Soge 4 Slez e gy a3 el g oS >
i Cesline Sy ol el L0 Shae b conliie sopr sl 45 39 00
QlS.c‘ 9 &UBJ LIS PURRECIWS (8 i 6'-“‘“)—'? 6‘)“5 e LgLa;g,;l?
S5 Bllas (g 09 Sline Nl bap s sy Qi (sl A
Spdyse 58U 0gx Glbl Ko alyd l adls slag,s lawss 0)d ;0 3
oo 4 plal &S > @ e gy ol oyl L] o alol s
o boyd e Slid oS wiS (e ol <5 > g S9d e SuSe
Olls o4l eeSae s QT pr b g peiiass Cond QT &9, oo Jlasl
S8 oS Slapyr s 4 FSZS slapyz el jleg S Sy o
ool 51 (o Sl 2 2 ilean wysl ol o S
S olir Caow 4 Olg> gden Ko Ole @ Awl.:u’,a alrie

Sl e b (g5l dinty o ysN1 -1-1-4

@ o Sloslxe lad o N L al>,0 2 00,5 ;2 GSA 0,60 o

g ge i8S AN ) 5 D90

O oBRMB NQ pB (13)
OSe O g alies sl piite b @ 5 3 olass N o (13) alal, o

08B 3l gorm L) g1 0)d g0 0 0iil oo 0,8 ;2 4 ouds ool e

Wigh oo wdr 0SS G 4 pj sl

w— ., 000 00 0 14
O o .Y—_wo w 0

sobite 4 SzgS Jlew souem 5 LSS sojles t(14) abaf; o
el e (a8 i Sl S ol
sl E - 3 . Y ~ v & e papy
P eoHbT el plsie & 00 g )s 0xe 5 il U S sk &

! Gravitational Search Algorithm
2 Exploration
3 Exploitation

214



VblSed 9 993 a0

LS o @i )95l Sl 0 Sl b SSaolia 39 3T JUSubl 453893 (5 5lw dine

Clor b aigd (oo anlio 5 bole So0SG b dsazr (5550 5 adsl ()55
[20] 5355 59, & ()35 9 00 (559 0582 soshasls sla

(PSO") wlyd omozr iz y95U1 (G320 -2-4
5 opdse Sl (Bolai Ml izl Jals 0,8 Sy olml b (b,
ey (il 0 S o Spge pglhe Gl ST L g el ail> o g
oole 5 By ore plie D> 5l Gl (slad 0 g2t og2u
Gl e SS9 vezee ol il Gl el al L]
cslnn] Sl il Sy el s w3,F L s olFays g ol il
P Sl (e a5 Cansl (60,8 Silal Koo axi g 09,5 (gLl (e 097ge
il abge 09,5 slacl asn Jol awy yo ail Ll azly 095 slasl 51 Sy
Say yd 5 WS sl 09,8 38 (n e ) Cend L 1) 093 Cosbse o)lsen
03,5 425 Lased (ygiST &5 1) (SomBge (g Lael SSST sl p3Y g0
Sedge Geiz o 4 g (hleS g 00,5 (5)lNSS 295 alibl> 3 il

. lJ w3l

Olyd Sz aAdud ST (6 jlwdiaty piv 581 -1-2-4

Sy yro adgl ey L) D)3 5l s slass Jolis adsl 09,8 G lal jo
o3 (31) 5 (30) s, g so sloml (35Las jobo & IS (el 1o
e o i | Lael Sl condge s

wop wo L o p (30)

b o p VOO 6 O AOQI & 6
Ol "QOQI & o (31)
s @ 50 Sy g b o Bolas olaell g1 (e Laly, o
Sl 55 4 OQI A OQisBzen ol (ol 0550 5 oo
o 0 adbge b plas o 50 Ole apie g ol T 08 e ke
el e 2 2ay Sk

(MOPSO ") &ilyd curos adud sz (5 5wty s 9531 -2-2-4
Wb dewloe Dl 3l alaS gl Baw il a1 51 e g, ol o
Siltine Sln (rized D988 00035 (e ;0 Coliel DI)S Coadge
Sgdge ol i sabuly 5l (3D) Jge 5l ookl (slmy cadanaiz
{14]

0 O p VOO O QO NAOQI ® o
Ol YOl » o (32)
3o (1) alay L 555 aba, i GbESt (sl REP e (5,5 13
bl Bolal &jgo 4y a5 allioe e slacl 51 o Rep &l o
Jedo %0 Ol o)l onge ) Lasl ple o) sakiby g 0o
Sl oailed s witiad oglial solgx (s (35 slacl 4]
mslie Gy 5 oo Lind o) &S o 1 anil oo Lasl le Colan

b syt Jol> 6 e Jisl Glacly g 485 55

W5
5 Ul ol lad jelate ay eudtue adomgs (gilwaings plbxl 5l L3
5 3 S o hgdnl ansis Grog Jolt) jledige Gagerme Co

" Particle Swarm optimization
8 Multi Objective Particle Swarm

215

Saw @i 5l ool ohaas Jold o 8l ez 5o ilwane Jlae i
eloe iz Jo slp aidlioe Snlas ;0 @8 L 5 Ygone oS 035
-0 ool it ager (8L jskiie 4 ddan sz (giluage glapm 5Nl
oS ool sty Olozr Sy > (bl 50 @ban Sy (s3luangy 50 [19] 05t
9295 Floz opiz b dsaniz luange yo S js il Dl on e
S lasgome @l )0 g Az im0 JSES ) Fn a5 00g
LB (SR o & S Lalsz Sl plaSons oS wll e aie slacls>
A Bas al w5 S @l ane el o5 (e @
a Glaclyr o AVsine axdlas S gyl Copsdly ol el ogllasls
&S e )lS..'.ﬂ I odal Cawd
O%9) Cewdy cBan ol jo a5 0 1Sl o ) (giledieS galiun
il gy S8 4 Bas &l (M) olows 4
mnF Q& AQ & BARQ & (24)
Lol sl o5 By 99 S sli |, @ ¢ ST walis cnl 4y 4z 55 L

:‘55..'3
| @ pff8 fa Q0 Q0 (25)
mQ pfcB b Q6 Q6 (26)

Wil oo Bas b cpaiz lils i ez dun Wiz (gileaign yo

Basrx mly polie 5 cd)F i o canlbis v sl S
&5 oy s (nl Jo jolaie 05 ddan ST 2l i 0l
Sygo a4 el @l Jlade b canlin 0,3 5o @ lade ool Cod &l 556

Dy ge 485 S 55

o M E0O0 Qi -
® 9 .0 0.0 (27)
N o X oy Sl Sbles 3 S g o oo goe ' QOO o

o aly ales 5l jlade SO Lo ol S (sl il e Bam @b el
g ce upi pj JSB & gax yell we)d

7)) 1 O (28)

b oclite a5 039y Ban wli coel N S39 cups]  o3ed abal, 1o

ol IS s ok ol a3lse i 5 yho e 6olie Sl o Copan

def)k)iwmu‘yso |)‘ ™ )L,\.E.a .wlomw;)ﬁ)olﬁlﬁ

,5
i T ‘ '@
0™ - (29)

B '™

At 2ogliel cdamaiz (ojluaige Jlae 10 sdel Cawss slacly>

Llyz sl S 50 6)9 0ste sobie & )M 65 Eed o2 & S s
solie lal slie cnl (sl Wsdioe 038 T 5% gl 4 P SIRL o
5 (25) Luly, ek clons adsl o ,lake S5 sl 4 a5 adsl (gliel
slie o slash bgi a5 glasl o] 5 000 5 anylin ;K053 L« (26)
Ao pe 1 )3 Camlior (P G 300 ST ol (e gt
Sa dl> o ;3 a5 waz 0)5 8 Cemlies S cnl el sl g8 5904
duglae adgl 3 calial glacl g wus slacl plo b ogd oo ol
slael 5ol Wil 0,35 Pagaz 35 ol saaz S o 5 00,8

! Pareto Front

2 Non-Dominated
3 Archive

* Repository

° First Repository
® New Repository

5 an%wWaEYg9 Uv: v | Ao q



VblSed 9 993 a0

LS o @i )95l Sl 0 Sl b SSaolia 39 3T JUSubl 453893 (5 5lw dine

iy o8 Lo g ool Cawdy dBamgs oS (55l Bas g polie 1 Jguo

Table 1 Objective functions values of  two-objective inverse

optimization using gravitational search algorithm

1 Gua s 2 Gas &5
33421 pm 10611 p 7 1 arge Jushy!
36876 p T 40082 p T 2 gy sl
| 26@&php B TGOS DA @ P TBang Lsiy
52793 pm 93172 pm 4 agy Jisd
68115 pm 51204 pm 5 aige Jugd !
3.6485 p m 6.1502 p m 6 g Jogd !

S oz sl Jol gladiginl sley 5 Ty polie 2 Jgux
480293 weSae

Table 2 Lift and drag values of airfoils using two-objective inverse
gravitational search algorithm

Ty by
0.482305 00377726 . fkﬁ #!
(Boa Jy59 ,NNACA0012

0.482338 0.0388341 1 aipgy Jus !
0.482673 0.0377329 2 4ty Jish
0. 484807 0.0377654 3 i Jish
0.481777 0.0377636 4 age Jogd
0.482373 0.0378242 5 g Jish !
0. 485953 0.0377668 6 4t Jash

ooz (§ilutinge 5 (2235 Sortan slapi oSl o b, IS oyt 3 Jgux

oy
Table 3 Constants used in gravitational search algorithm and swarm
particle optimization algorithm

Olyd Comez g, LT S e 13

| ¢ A- @@ h2d pit \
0.4 1.6 1.6 0.5 0.1

oo 0RO 3 K08 (h9) 98 4 S |y (s cmlie o ogd pl At
5 BT Gomier Glapt sl lawgs onal sy ladisdnl olas as
J= szl gley Gow g eog 47 3 82 plpy i a4 O Cares
G A9y oiy,eddl 1 eolael L jledign (sacsesne
Corez lp g ands 48 4 celn 43 1, (MOGSA) il 5
59 0 03,3 B Jga .ol oo aiids 12 ¢ cel 41 (MOPSO) )3
S by, 5 ede] Cawds Boa wly polie godims i (Cawgm
IR St Olee wiliee Jols Lt 82 ln oIS
S)ly 5gbaS JS jlade SOlo a5 098 o0 wgme g pl 0 Sles sl g5
o ool i 0 b g sl (Salnogpl 3550 Js isbnl 4 ens
D59 0182 ol sl 0T0 @ a0 olpss Sy 5 Jss [21] 05
e Sy 2 485 13 Gl hsdnl sl (S8 Gl 4 az g b adl s
S s slahisdnl 3 4 U520l S sileane ) ol 5in
daid 5l Lgai 90 bl oo A (e low S lie sl @ 12
b om0 Ly GoayiaS 5 T oyt gyl a5 sutol sy (lo s !
55 ol el 00sT 6 S5 0 w0358 MOGSA s, 3l Lol (sla s !
Fn SMez 9y o] Coxbae o 005 61 82 5 Jol slabisdpl s

5 a%wWioEYS% Uv:iwa | Aned i Cywia

CAo p AL

aly> oud il ugSae (giludinge dlie S Tl Gloainge o ,55)

Adupgd weSo (g jlwaigs -1-5
NACAQDLZ (g nl Js> ol adangs (woSas (bt jshare &
else ey T s by Gl 2 5 008 o 5l e

Olys 4 (32 64) Jighpl anws S a5 Col jg0 ol 4 5 0,

Coady o Ban g oud DLl (Bolal Djge 4 0diiS 9,8 sladgd ]
S Lol 5 oad ad 3 L 10 Bus wilgs 45 Sl ola gd pl 5,1
| EDpess o6 s6 Y 33)
I EDqguwe o6 6 Y& 34
Sl 5 Tn walrd w4 7Y0; 0,0l (34) 5 (33) Ly, o

WS 55,8 anaS (Bun ol 555 Lul,s 5 NACA0012 s ]
Slag B 10,5 At (rizren g Bon hgd ol 5Ty b o hsd ! sl
Ll Jloel b iadboe plojon jsb a Boa Ligdnl sl b bbbl
2> B2 oy polie (sl onal sty @l siloainge bl 5 358 oLz
“stnl T g ey SSbled 55 2 Jouzr ool ouds 0ol iglei 1 Jgar
polie ol o5 G L aS edgr jludinge Gacgemme jl sdel Caway sl
ok mls ol 1wl oo (NACAD0L2) Gus sl 5Ty 5 L

ol iy sasgezme canlio o Slas (godin

(oiiomno (53 Luwdinte) Ji98 1 dwiid adudgd (6 5lwaints ~2-5
@3S I8 (pyn 390 Sledinge degerme S g 9 Shes &Sl Sl
awdi gilwaige 4 Loy ) jo 0ed g0 Sl pitas (g5l
S35 g aas] Llyd cov Ty anin 5 L aieS plys GBlaal b igd !

wibooe (7] e o LbT IS Loyl 1 aylice oS ous ax3l0 0 o) S0

ssbiie @ Old Cumez g LS gemiea bg) 90 5l DI ol o
B8 piyo3d) 90 yo ad; IG Olyd g o ST slaws ol wS ey (g5l
564 560 oo s [7] (s o )5 Ko LLf S alew
3 Jgoz 50 5w adu,sXl g0 0 eolitwl 8)90 ol pd el 0uls 485 L
NACA0012 |55l co3lo dinge (9, 90 10 50 yol> 15 4o .ol ool
el o 43 5 L5 1 ady) ygh ) 64 51 S,
Coos &y g w3loy Jo 4 sl Jisdnl B4 5l 5,05 b i yo8) 9o 0
LS el 1y Y 40 o S5 Bus ailsi 4 Wisds e gl la ygd sl
1 5 et Sy G 5 cnlial shitn sl (53l shite
IS sla el sosgus 398 Jlosl > )3 (placusgaze Sl
Ay (9, 99 tawg ol Cewds slaJigh pl atws .l suel 4 oz yo
Wie b b byl salic 5 oilS ymiur 5 Ol Corar il
WSS opl 4 amgr el oad sols las 4 S s [T e 5 Loyl
SAR S @ Cons a bl jl plSome o5 cl 55,0
o ol (695 p (M oo oamlie 4SS (o oS jglailen il
Slosal Cussy g5 Gaez 39 3 Foml GBS Gomier Uigy by
057 ) L3 (S5 sl s MOPSO) (3l a5 slas,
i GBS Gy g, 5l el slodiginl sl g Lay ol

216



VblSed 9 993 a0

LS o @i )95l Sl 0 Sl b SSaolia 39 3T JUSubl 453893 (5 5lw dine

0.04

0.02

Min Cd
Max CI
NACA0012

-0.04

-0.06
0.6 0.8 1
XC

Fig. 6 Two samples of optimized airfoils obtained using MOGSA
MOGSA g, Lawgs ool Cavss ainge slo bgd pl 5l diges g0 6 i

0.5

Y/.C

-0.5

1.06457

/
-0,
f/{)

L
-1 -0.5 0 0.5 |
Xc

Fig. 7 Pressure contours distribution around optimized airfoil with
maximum lift using MOGSA | ¢ h- my h 2A pn
Loy T i b aige gdpl Joo ool Jlad bsls mjs 7 IS
| ¢ h- mh2 A pm MOGSA

/ T
>
EA
! ? S A
1 >\/ 5 S Qo*
- )
g 112117 =~
05
\
X
\v\
L
O of .
>~ - 5
- 2 2
05F 1
- =
ol
wy
)
1} 5 i
L 2z
S5l N 1. 1 1 T4 N |
-1 -0.5 0 0.5 1 1.5 2

Fig. 8 Pressure contours distribution around optimized airfoil with
minimum drag using MOGSA | ¢ h- ™ h 2A pm

bug Ly 2eS b dige hsdpl o> o Jlad bobs mjs 8 S
| ¢ h- mph2 A pm MOGSA

217

Sl o ools las 4 IS o

i b ate b st nl Js> La8 mse coi i 48 9 7 sla JSs
aage hisdl Gl lys goe 097y i e Bl 1) Luy (S 5 1
lsal 055 o odalive 8 5 7 glaJSh 40 45 shilan il i canslio
o hsdnl e o Sles sl oS w85 15 ol sl o slays
O G &S (b pl (pwsin B (izmen 9d o0 by LalyS
ilse Loy et Gl & cel sl 5l i (T JS2) 005 T
8 )

omesb gy 4 dmiis ol (IS sl el )y 0dgaoe 4 Jguer
Table 4 Limitation of Control parameters of shape production using

parsec  method
i () &) (AT ® ) I i
008 06 01 07 006 -001 03 001 05
el
- - A=
005 01 002 01 0.04 -1.2 -1 015 0 Y
012

Present Work- MOGSA
Present Work- MOPSO
[} Article Result-Oyama et al

0.1 =

0.08 =

0.06 =

0.04 =

0.02 =

1 L e e 1 1 1
0 01 02 03 04 05 06 07 0.8 09 1 1.1 1.2 1.3

cl

Fig. 4 Comparison of different methods results for two-objective
direct optimization of airfoil
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