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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.
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Table 2 Lift and drag values of airfoils using two-objective inverse
gravitational search algorithm
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Fig. 6 Two samples of optimized airfoils obtained using MOGSA
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Fig. 7 Pressure contours distribution around optimized airfoil with
maximum lift using MOGSA a =2, M, =0.8 , Re, = 10°
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Fig. 8 Pressure contours distribution around optimized airfoil with
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Fig. 4 Comparison of different methods results for two-objective
direct optimization of airfoil
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lift and drag objective functions) using gravitational search algorithm

Jsinl B2 (lp by 0 Ty cpo @ Cad g ples @l 5 IS0
S ez o2ys8l 5l ol (Ly 5 T Bon s L)y

5 oplosb (17 053 1396 sls ro LS Akilseo S dis


http://journals.modares.ac.ir/article-15-4739-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

VblSed 9 993 a0

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

(429) « b nl 2Ll g4 cur @l arg
(a,0) «hosd nl 2l sbag asly  Bre
o3 SNl p
() Bptin Soloatm c ) Slon ite
G sz

(%) X C@> 50 G350e u“-*-' Txx
Sy W
b sV
diiwamslass  n
CRST S
o..\.'\)Lo.».';': i
o..\.'\)Lo.JL J
Cwwgw -8
3
dz\? 2
(1 + (—) )
dX/x=0 _ 35
(dzl) =TMNe ( )
ax?/x=g
Z(Xup) = Zup (36)
az
(@), =
dX/ x=x,, (37
<dzZ> 7
vz = Zxxup
X2 ¥ (38)
1
az 1 (40)
<ﬁ>x=1 = tan(arg — E:BTE)

198l Crls o (gl Y olae

2\
(1 + (d—z) )
aX/)x=0) _
W = N (41)
ax2)x=g
Z(Xlo) =2y (42)
az
(_) =0 43)
dXx X=X)o
d*Z
=4lo
1
Z(l) = ZTE - EAZTE (45)
az _ 1
(ﬁ)x=1 = tan(arg + E.BTE) (46)

5 oplaids 17 095 1396 3l o (o0 Suilfo wdise

S 5 domii -6

ooz 5 (b Gadsl ln) GBS Gz lapm sl pol> 8 0
Bangs (Giluwdinge polite 4 )l dwdin 395 g, olen a4 SIS
A S gk ol (gors 90 pduaSTE SYolee ol colawl Jig8 pl dwais
oaliial )50 hgdie by silond sl oLl Vel Jas ol on
5 oSre Silwanng b ledng gladcgorme oo g QIS 285 18
108 Jol> ) gl g 48,5 )13 (o) 3590 459890 pditane

ot saegeme 03> 3Skes 3l (Sl mSan siludige @i 1
VI

ool 90 5l eolaznl b o Jss8 ol 00lgils adungs pudtuse (5jlwdige 2
cualrd St 5 S Bus @l b DS Conex 5 (LS s
aangs il a9y S Skes 5l (S (55 Gaer) T s Ly
2bioe sl Giladie sokie 4 (L2415 S

G50 MOPSO s, 4 ot 1, (6 yiions olo; e MOGSA s, 3
WS (oo (55l

BT s plapeilaS c8)5 am b (nl Ol culed o 4
aodin 0 Bs; ol yena) ((Seeliognl dangs (giluangr
Oy & ol 5 Gliies 5 03,5 Jos DS Comaz g, Sl e (G
Sged oslainl Solbusg !l Pluw [0 LIS g aiedjad Lo,

e S yg8 -7
@) eles
(W () (Sisdse Joo saeiz galox D
(N) by 59,5 Dr
@) iz 5 (59 S5l ggome E
(N) <955
o) <41 Sler b 6,
&S 03 myer  gbest
N> T g5 L
(W ()l S5 0 00,5 (Sl my(D)
(B2 (2) 0yd o (Sl oend jlade M;(D)
tlosae M,
) oSlid JL2s P
e 0,5 (e phest
(%) e q
olai e rand
Vg, 00 Re
Oy ya¢ Rep
LSS eas et
(W ) 302 hsdpl sley uye TD
r @) «ban gdpl Ty cupe TL
) Bl ey ailge
) egog0s Sy ailga v

(m) ‘0)5 LIRS oals Cionns ulS.a X;

(42,9) (> da> agl;

218


http://journals.modares.ac.ir/article-15-4739-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

U 9 )93 S 540 SRS somima @i g8l Sl o Slikawl by SSaolia 39 T JUbl 453893 (5 )l diae
0.7796584 0.0202702 70 Ky - R 3 7 -
0.7540801 0.0185544 71 T sy Sl ) el sl B2 sl 5 1 polie S s
0.7932891 0.0211783 72 Adpgd
0.7507365 0.0182554 73 Table 5 Lift and drag values of 82 airfoils using two-objective
0.7745333 0.0197198 74 gravitational search algorithm
0.7457713 0.0181409 75 T ™ gl oot
o onmm T
0.7762307 0.0198884 78 0.2892952 0.0041925 2
0.7597714 0.0187051 79 0.3472603 0.0053332 3
0.7414495 0.0178875 80 0.3594989 0.0054861 4
0.8852301 0.0351093 81 0.3835797 0.0057441 5
0.7644218 0.0189809 82 0.4165909 0.0059127 6

- - 0.4248326 0.0062968 7
0.4879489 0.0086113 8

-9 0.4284346 0.0065579 9

& 0.4482966 0.0068151 10

[1] A. Jameson, Computational Aerodynamics for Aircraft Design, 0.4437697 0.0065805 11
Science, Vol. 245, No. 4916, pp. 361-371, 1989. 0.4885976 0.0086289 12

[2] Z. Zhang, K.\Y. Lum, Airfoil Optimization Design of Drag 0.4982906 0.0088669 13
Minimization with Lift Constraint using Adjoint Equation Method, 0.4829057 0.0085101 14
44th AIAA Aerospace Sciences Meeting and Exhibit, Reno, United 0.4816365 0.0080461 15
States, January 9-12, 2006. 0.4678555 0.0075706 16

[3] S. Kim, J. J. Alonso, A. Jameson, Design Optimization of high-lift 0.4589334 0.0071974 17
Configurations using a Viscous Continuous Adjoint Method, 40th 0.4771493 0.0080064 18
AIAA Aerospace Sciences Meeting and Exhibit, Reno, United 0.4878410 0.0085474 19
States, January 14-17, 2002. 0.5360591 0.0104801 20

[4] M. Nemec, D. W. Zingg, T. H. Pulliam, Multipoint and multi- 0.5047808 0.0093571 21
objective aerodynamic shape optimization, AIAA journal, Vol. 42, 0.5130222 0.0097643 22
No. 6, pp. 1057-1065, 2004. 0.5356398 0.0103561 23

[5] S. D’Angelo, E. A. Minisci, Multi-Objective Evolutionary 0.4949555 0.0087968 24
Optimization of Subsonic Airfoils by Kriging Approximation and 0.5267453 0.0101166 25
Evolution Control, The 2005 IEEE Congress on Evolutionary 0.5226365 0.0097901 26
Computation, Edinburgh, United Kingdom, September 2-5, 2005. 0.5432127 0.0108202 27

[6] H. Li, J. Stewart, R. Figliola, Exergy based design methodology 0.5470157 0.0109524 28
for airfoil shape optimization and wing analysis, 25th international 0.5479866 0.0112355 29
congress of the aeronautical sciences, Hamburg, Germany, 0.5551655 0.0114051 30
September 3-8, 2006. 0.5525331 0.0113475 31

[7]1 A. Oyama, T. Nonomura, K. Fujii, Data mining of Pareto-optimal 0.5798311 0.0011837 32
transonic airfoil shapes using proper orthogonal decomposition, 0.5995600 0.0125731 33
Journal of Aircraft, Vol. 47, No. 5, pp. 1756-1762, 2010. 0.6105102 0.0133710 34

[8] R. Ma, B. Zhong, P. Liu, W. Wang, Multi-objective optimization 0.6082991 0.0132255 35
design of low-Reynolds-number airfoil in Near Space, 3rd 0.6060420 0.0130612 36
International Symposium on Systems and Control in Aeronautics 0.6346378 0.0135466 37
and Astronautics (ISSCAA), Harbin, China, June 8-10, 2010. 0.6572688 0.0145961 38

[9] R. Carrese, H. Winarto, J. Watmuff, U. J. Wickramasinghe, 0.6526341 0.0145638 39
Benefits of Incorporating Designer Preferences Within a Multi- 0.6681375 0.0150936 40
Objective Airfoil Design Framework, Journal of Aircraft, Vol. 48, 0.6475128 0.0138929 41

No. 3, pp. 832-844, 2011. 0.6280863 0.0134923 42
[10] J. M. Oliver, T. Kipouros, A M. Savill, A self-adaptive genetic 0.5653728 0.0114278 43
algorithm applied to multi-objective optimization of an airfoil, E. 0.6771692 0.0153023 44
Tantar, A. A. Tantar, P. D..Moral, P. Bouvry, P. Legrand, C. A. 0.6487751 0.0143546 45
Coello, O. Schutze (Eds.), EVOLVE-A Bridge between Probability, 0.6648260 0.0149193 46

Set Oriented Numerics, and Evolutionary Computation 1V, Vol. 0.6644264 0.0148879 41
227, pp. 261-276, Berlin: Springer, 2013. 0.7478254 0.0182180 48
[11] A. Nejat, P. Mirzabeygi, M. S. Panahi, Airfoil shape optimization 0.7042311 0.0161256 49
using improved Multiobjective Territorial Particle Swarm 0.7445632 0.0180001 50
algorithm with the objective of improving stall characteristics, 0.7347934 0.0174611 51
Structural and Multidisciplinary Optimization, Vol. 49, No. 6, pp. 0.8027150 0.0225885 52
953-967, 2014. 0.7928659 0.0211515 53
[12] S.M. Mortazavi, M.R. Soltani, H. Motieyan, A Pareto optimal 0.7727256 0.0196515 54
multiobjective optimization for a horizontal axis wind turbine 0.8051478 0.0227014 55
blade airfoil sections utilizing exergy analysis and neural networks, 0.8040695 0.0226475 56
Journal of Wind Engineering and Indusrial Aerodynamics, Vol. 0.8161467 0.0232976 57
136, No. 1, pp.62-72, 2015. 0.7959086 0.0213576 58
[13] S. Koziel, Y. A. Tesfahunegn, L. Leifsson, Expedited constrained 0.7858964 0.0204865 59
multi-objective aerodynamic shape optimization by means of 0.7327843 0.0173712 60
physics-based surrogates, Applied Mathematical Modelling, Vol. 0.7349944 0.0176219 61
40, No. 15, pp. 7204-7215, 2016. 0.7270304 0.0171039 62
[14] E. Rashedi, H. Nezamabadipour, S. Saryazdi, A Gravitational 0.7365267 0.0176657 63
Search Algorithm, Information Sciences, Vol. 179, No. 13, pp. 0.7428679 0.0179278 64
2232-2248, 2009. 0.7286977 0.0171503 65
[15] C. A. C. Coello, G. T. Pulido, M. S. Lechuga, Handling multiple 0.7393818 0.0178126 66
objectives with particle swarm optimization, IEEE Transactions on 0.7604886 0.0187957 67
Evolutionary Computation, Vol. 8, No. 3, pp. 256-279, 2004. 0.8644376 0.0329891 68
0.7721658 0.0195061 69

[16] F. Jalili, M. Malek Jafarian, A. Safavi Nezhad, Introduction of an

219

5 oplosb (17 053 1396 sls ro LS Akilseo S dis


http://journals.modares.ac.ir/article-15-4739-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

VblSed 9 993 a0

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

Conference, Palo Alto, California, June 23-25, 1981.

[19] Z. Baniasadi, H. Nezam Abadi, M. Maghfouri, Improved Multi-
Objective Gravitational Search Algorithm, 15" National Computer
Conference, Tehran, Iran, February 20-22, 2010. (in Persian .,

[20] S. Tabatabaei, A new gravitational search optimization algorithm
to solve single and multiobjective optimization problems, Journal
of Intelligent & Fuzzy Systems, Vol. 26, No. 2, pp. 993-1006, 2014.

[21] Airfoils and wings, Accessed on 14 March 2017;
http://www.dept.aoe.vt.edu/~lutze/ AOE3104/airfoilwings.pdf

5 oplaids 17 095 1396 3l o (o0 Suilfo wdise

Improved Harmony Search Optimization Algorithm for
Investigating of  Airfoil Parameterization Methods and
Aerodynamics Optimization, Amirkabir Journal of Science &
Research,Vol. 47, No. 1, pp. 13-31, 2015. (in Persian __..,ls)

[17] P. R. Spalart, S. R. Allmaras, A one equation turbulence model for
aerodinamic flows, 40th AIAA Aerospace Sciences Meeting and
Exhibit, Reno, United States, January 6-9, 1992.

[18] A. Jameson, W. Schmidt, E. Turkel, Numerical solutions of the
Euler equations by finite volume methods using Runge-Kutta time-
stepping schemes, AIAA 14th Fluid and Plasma Dynamic

220


http://journals.modares.ac.ir/article-15-4739-fa.html
www.SID.ir

