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�GRr� |ak=w u=} QH ZQat QO GRrQ}e QopL R= xOt; CUO x@ xv}y@ p} wiQ}=
xU}=kt GRr u=} QH R= xOt; CUO x@ |xv}y@ p} wiQ}= =@ xrY=L G}=Dv w |UQQ@
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Ovyt sDU}U VwQ =@ xm@W |R=UpOt "CU= i |x]kv x@ pYDt `q[= O=OaD m w s=i

u}t[D RQt nQR@ |=y|}=Hx@=H QO =Q `q[= =@ \=kv `]=kD sOa '|Qvi VWm
=@ \=kv OQwNQ@ sOa u=wD|t |]N Qvi x@ |WJ}B Qvi uOwRi= =@ u}=Q@=v@ "Ovm|tv
"�3 pmW� OQm u}t[D Q=mOwN CQwYx@ xm@W |}=Hx@=H Ov}=Qi QO =Q xm@W `q[=
|WJ}B Qvil} xm@W R= `r[ wO Qy u}@ xm OwW|t ZQi |WJ}B Qvi |R=UpOt QO
|Q}owrH xm@W `r[ =@ x]kv OQwNQ@ R= 2 |x]@=Q j@=]t pta u}= "OQ}o|t Q=Qk R}v

"Ovm|t

ciijk = 1
1 + cos �ijki

� 1
1� cos �ijki

= 1
sin2 �ijki

(3)

CUO 4 |x]@=Q x@ u=wD|t � |x} w=R x@ xHwD =@ "CU= |WJ}B Qvi Qy |DNU cijki
%Ci=}8<:if�ijki ! 0 then cijki !1

if�ijki ! 180 then cijki !1
(4)

Qvi |DNU 'jwi |=}=wR x@ `q[= u}@ |x} w=R uOW l}ORv =@ Qo}O CQ=@a x@
OQwNQ@ R= w �Ovm|t CmQL C}=yv}@ |DNU hQ] x@� O@=}|t V}=Ri= 4 |x]@=Q j@]
T=U= Q@ u=wD|t =Q 3 |x]@=Q CU=Q hQ] "OW Oy=wN |Q}owrH sy =@ `q[=

%OQm |U} wvR=@ 5 |x]@=Q j@=]t pwrU Qy CL=Ut w `q[=

sin2�i = 2Aijk
IijIik

(5)

"CU= i |x]kv x@ pYDt `q[= pw] I w pwrU Qy CL=Ut Aijk u; QO xm
%R= Ow@ Oy=wN CQ=@a |WJ}B Qvi |DNU u}=Q@=v@

cijki =
I2
ijI2

ik

4A2
ijk

(6)

?ULQ@ |a@=D CQwY x@ \ki u=wD|t =Q |WJ}B |DNU '6 |x]@=Q T=U= Q@
|DNU u=wD|t uwvm = "OvR=U|t R}v =Q CL=Ut `q[= OwN xm =QJ &CWwv `q[=
u=R}t TBU "O=O Q=Qk 2 |x]@=Q QO w OQm `tH sy =@ =Q |WJ}B w |]N Qvi wO Qy

%Ci=} 7 |x]@=Q j@] =Q x]kv Qy |}=Hx@=H
Total Stiffness = KLinear + CTorsional (7)

'x]@=Q u}= *?U=vt Q=QmD O=OaD =@ O}=@ '2 |x]@=Q QO ẁtHt |DNU uO=O Q=Qk R= Oa@
|}=Hx@=H Q=Okt 'Q=QmD O=OaD |=H x@ u=wD|t "s}@=}@ =Q x]kv Qy O}OH C}akwt
u}= R= \=kv |}=Hx@=H ẁtHt Ckw Qy xm OQm u}}aD \=kv pm |=Q@ =Q |YNWt
pO=aD pLt QO \=kv |Q}oQ=Qk w =yQvi uO}UQ pO=aD x@ |xOvyOu=Wv OW QDsm Q=Okt
x@ xm CU= u}= OQ=O OwHw VwQ u}= p=ta= |xQ=@ QO xm |tyt |xDmv "CU= xOW
QHvt Ov=wD|t |}=yDv= C}a[w x@ \=kv |x}rw= C}a[w R= xQ=@l} uOv=UQ pO=aD
w OwW xDUmW QDsm O=OaD x@ xrY=i u}= CU= QDy@ u}=Q@=v@ "OwW =ypwrU pN=OD x@
s}UkD "OwW s=Hv= \=kv uO}UQ pO=aD x@ =D Qvi |x]@=Q Q=QmD Ov}=Qi xrLQt Qy |=Q@
sm =QD xJQy "OW=@ Q}eDt Ov=wD|t xm@W sm =QD x@ xDU@ |}=yDv= w |}=OD@= |xrY=i
s}UkD |QDlJwm |=yxrY=i x@ xm CU= QDy@ OW=@ QDW}@ sUH l}ORv QO \=kv

"OwW

"|]N Qvi VwQ |=tv "2 pmW

"|]N w |WJ}B Qvi "3 pmW

u=} QH u=O}t R= |D=@U=Lt |xm@W '?U=vt VwQ l} =@ O}=@ 'O}OH u=} QH u=O}t
O}OH |=yRQt =@ u=} QH u=O}t x@ xm@W C}i}m ^iL w `q[= `]=kD uwO@ |r@k
GRrQ}e u=} QH QO u=tR=U|@ |xm@W |}=Hx@=H QO pw=ODt VwQ "OwW =Hx@=H
\=kv xQ=tW j w i Qo = "�2 pmW� CU= |]N Qvi |R=UpOt VwQ Q@ |vD@t
CU= CQ=@a `r[ u; x@ \w@ Qt Qvi |DNU 'OvW=@ xm@W QO `r[ l} QU wO

%R=
kij = 1

[(xi � xj)2 + (yi � yj)2] r2
(1)

1 Q@=Q@ ,qwtat w xOW xO=iDU= Qvi |DNU pQDvm |=Q@ xm CU= |QDt=Q=B r u; QO xm
CQ=@a x@ "CU= `r[ Qy pw] Tma Q@=Q@ w Qvi |DNU k "OwW|t xDiQo Q_v QO
O@=}|t V}=Ri= u; |DNU 'O@=}|t Vy=m �Qvi pw]� xm@W `r[ pw] |Dkw QDy@
|DNU OwW l}ORv QiY x@ `r[ pw] Qo = "OwW|t =Hx@=H QDCNU `r[ u; w
|Q}owrH sy|wQ `r[ l} |x]kv wO uO=Di= R= w Ovm|t p}t C}=yv|@ x@ Qvi
|Qvi Cq=YD= j} Q] R= |HQ=N |=ywQ}v xm@W pN=O |x]kv Qy |=Q@ "OwW|t
|DNU xm QDnQR@ `q[= CtU x@ Qw@ Rt |x]kv u=mt w OwW|t p=ta= x]kv u;
C}a@D 2 |x]@=Q R= |}=Hx@=H u}= |[=} Q pmW "OwW|t C}=Oy OvQ=O |QDsm

%Ovm|t

�xn+1
i =

mP
j=1

kij�xnij
mP
j=1

kij
(2)

'Q=QmD |xkrL |Oa@ |xrLQt QO xm@W s=i |x]kv |}=Hx@=H �xn+1
i u; QO xm

|x]kv x@ pYDt \=kv xQ=tW j 'i |x]kv |x}=Uty |=yxQo |rai u=mt �xn+1
i

35



"""|
xv}y

@|
L=Q]

Q@C
HRr

Q}F- =D

"lUQ=B VwQ |=yQDt=Q=B x=Qty x@ p=@ `]kt R= |}=tW "4 pmW

"��YTE = 0� CU= xOW xO=iDU= QDt=Q=B 10 R= 'Q=Qi |x@r Ct=N[ R= uOQm
xOW O}rwD [21]uwDUv=H w u=} Q}ov=yH VwQ x@ p} wiQ}= pwL |D=@U=Lt |xm@W
|RQt |x}q GQ=N w pN=O QO C}i}m =@ |=ypwrU xm CU= QO=k VwQ u}= "CU=

"Ovm O}rwD

u=} QH QopL |HvUQ=@Da= w |OOa |R=UpOt "3"4
CqO=at %R= Ov=CQ=@a xDiQo Q=Qk xO=iDU= OQwt u=} QH |R=Ux}@W |=Q@ xm |}=yx]@=Q
pt=W CqO=at u}= "|}=k@ pmW QO GRr w GRrQ}e Q}PBsm =QD w s�=OQ}e |Oa@ wO
u; GRr sQi |=Q@ |Q=OQ@ Cr=L QO xm CU= |SQv= w sDvtwt 'sQH |=k@ CqO=at

%R= CU= CQ=@a
@Q
@t

+ @(F i � F v)
@x

+ @(Gi �Gv)
@y

= 0 (10)

Q=W |=yQ=OQ@ pt=W Q=W |=yQ=OQ@ G w F w |}=k@ |=yQ}eDt Q=OQ@ Q u; QO xm
C=QF= Gv w F v w |}=Hx@=H Q=W Gi w F i "OvDUy hrDNt C=yH QO |}=Hx@=H
Qr} w= GRrQ}e |x]@=Q x@ 10 |x]@=Q Gv w F v hPL =@ "OvDUy |wQu=Qo R= |W=v

%R= CU= CQ=@a =yC}tm u}= Q}O=kt "OwW|t p}O@D

Q =

0BBBBB@
�

�u

��

�E

1CCCCCA ; F i =

0BBBBB@
�u

�u2 + p

�u�

(�E + p)u

1CCCCCA ; Gi =

0BBBBB@
��

�u�

��2 + p

(�E + p)�

1CCCCCA (11)

F v =

0BBBBB@
0
�xx
�xy

u�xx + ��xy + qx

1CCCCCA ; Gv =

0BBBBB@
0
�xy
�yy

u�xy + ��yy + qy

1CCCCCA
(12)

|SQv= E w |r=oJ � 'Q=Wi p 'y 'x C=yH QO CaQU |=yxir-wt � w u 'u; QO xm
R=o Cr=L |xrO=at R= 12 w 11 CqO=at p}tmD |=Q@ u}vJty "CU= p=}U |rN=O

[23w22]"OwW|t xO=iDU= pt=m
|RmQt |v=mt |R=UxDUUo Q@ |vD@t pQDvm sHL VwQ l} R= j}kLD u}= QO
pL |=Q@ �2 CkO xHQO =@� xv=tR wO |v=tR |R=UxDUUo w �2 CkO xHQO =@�
xDiQ Q=m x@ |W=WDe= pOt "CU= xOW xO=iDU= Q}PBsm =QD TmwDU= � Q} w=v CqO=at
w 'VRer sOa \QW p} wiQ}= K]U |wQ "CU= k � " |}xrO=atwO pOt l} R}v

p}wiQ}= pmW |xv}y@ |L=Q] "4
\}=QW QO p} wiQ}= pmW |R=Uxv}y@ VwQ hrDNt |=yVN@ C=}�RHCtUk u}= QO

"CU= xOW x�=Q= l}DvS sD} Qwor= R= xO=iDU= =@ RwQm

hOy `@=D "1 "4
nQO ?} Q[ x@ Ci}r ?} Q[ C@Uv Q=Okt u} QDW}@ 'hOy `@=D Q[=L j}kLD QO

[6]%OwW|t h} QaD u}vJ

Objective function =

8<: cL
cD

tMax � 0 1
cL
cD
e(10(tMax�0 1)) tMax < 0=1

(8)

\}=QW QO p} wiQ}= nQO ?} Q[ w Ci}r ?} Q[ ?}DQD x@ cD w cL u; QO xm
|}=yCr=L |=Q@ xt} QH `@=D l} CQwYx@ |}=tv sQD "OvDUy xOW h} QaD u=} QH
|=Q@ 10 |OOa ?} Q[ w Ovm|t pta OvQ=O 0 1 R= QDsm xv}W}@ Ct=N[ xm
|v}@ V}B 0 1 R= QDsm Ct=N[ xv}W}@ =@ |}=yp} wiQ}= |=Q@ xt} QH `@=D u}= O}OWD
Ov}=Qi uOQm Q}o sOa Ea=@ |}=tv sQD '|R=Uxv}y@ Ov}=Qi pw] QO u}=Q@=v@ "CU= xOW
QO =yO}k p=ta= Q[=L j}kLD j@=]t "OwW|t pw@k p@=k Q}e |L=wv QO wHwCUH
l}DvS sD} Qwor= Q=m |xwLv =@ |}q=@ |Q=oR=U xt} QH sQD l} CQwYx@ hOy `@=D

"OQ=O

p}wiQ}= pmW uOQm |QDt=Q=B "2"4
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?} Q[ x@ Ci}r ?} Q[ C@Uv xDUv=wD Q[=L |R=Uxv}y@ VwQ OwW|t x_Lqt
p} wiQ}= QO 284 OwOL x@ x}rw= p} wiQ}= |=Q@ 36 OwOL R= =Q GRrQ}e u=} QH QO nQO
u}ty cL

cD
Q=Okt |rw "O};|t ?=UL x@ xHwD p@=k Ow@y@ l} xm OyO V}=Ri= |}=yv

u}= xm O@=}|tVy=m 31 ,=OwOL Q=Okt x@ GRr u=} QH QO uDiQo Q=Qk CQwY QO p} wiQ}=
=@ GRr u=} QH QO x}rw= RAE 2822 p} wiQ}= x@ \w@ Qt hOy `@=D R= QDsm |DL Q=Okt
pL R= xOt;CUO x@ |xv}y@ p} wiQ}= xm OQm u=aP= u=wD|t u}=Q@=v@ "OwW|t 34 Q=Okt
|xOwOLt QO |ak=w u=} QH \}=QW |=Q@ ?U=vt |xUOvy Ov=wD|tv GRrQ}e u=} QH

"GRr u=} QH |R=Uxv}y@ G}=Dv "14 pmW

"CU= xDW=O RmQtD nQO ?} Q[ uOQm QDsm Q@ QDW}@ Ov}=Qi 'R}v Cr=L u}= QO
Q}F-=D R= u=Wv u=} QH wO Qy QO |R=Uxv}y@ Ov}=Qi |xr}Uw x@ x} wQ u}= uOQm p=@vO
|DwY QPo |=yp} wiQ}= |=Q@ xOWu}}aD hOy `@=D Q=Okt QO nQO ?} Q[ O}OW

"OQ=O

GRrQ}e |xv}y@ p}wiQ}= |ak=w Q=DiQ "3"5
u=mt= 'GRr w GRrQ}e u=} QH |=yQopL R= xO=iDU= =@ xv}y@ |=yp} wiQ}= uDi=} R= Oa@
"OQ}o|t Q=Qk xar=]t OQwt GRrQ}e QopL R= xO=iDU= j} Q] R= |D=@U=Lt u=tR Vy=m
|UQQ@ �GRr� |ak=w u=} QH QO GRrQ}e |xv}y@ p} wiQ}= Q=DiQ =OD@= Q=m u}= |=Q@
w GRr |xv}y@ p} wiQ}= |wQ |L]U Q=Wi ?} Q[ `} RwD 15 pmW QO "OwW|t
Q=Wi ?}=Q[ |xU}=kt =@ "CU= xOW xU}=kt GRr u=} QH QO GRrQ}e |xv}y@ p} wiQ}=
p} wiQ}= x@C@Uv |QDsm?D=Qt x@Ci}r?} Q[ GRrQ}e p} wiQ}= xm OwW|tXNWt
h}a[ =@ xDUv=wD p} wiQ}= u}= p@=kt QO "Ovm|t O}rwD |ak=w \}=QW QO GRr |xv}y@
"OyO V}=Ri= |R}t;C}kiwt wLv x@ =Q nQO ?} Q[ u=R}t Vy=m lwW CQOk uOQm

40



1|
xQ=t

W'
35

�3
|xQ

wO'
�13

98
Q=y@

�h
}QW

l}
v=mt

|U
Ovyt "|m}t=v}OwQ�; |R=Uxv}y@ G}=Dv "1 pwOH

cL
cD

?} Q[ nQO ?} Q[ nQO ?} Q[ nQO ?} Q[ pwiQ}= u=} QHCi}r pm |m =m]Y= |Q=Wi
36 85 1 02 0 0279 0 0 0 0279 RAE 2822

GRr Q}e284 31 0 54 0 0019 0 0 0 0019 xOt; CUO x@ |xv}y@
GRr Q}e

34 03 0 774 0 0227 0 0063 0 0164 RAE 2822
GRr53 22 0 75 0 0144 0 0069 0 0075 GRr xOt; CUO x@ |xv}y@

31 73 0 37 0 0116 0 0071 0 0045 GRr Q}e xOt; CUO x@ |xv}y@

u=tR Vy=m |=Q@ u}=Q@=v@ "OwW|t QDl}ORv GRrQ}e u=} QH x@ GRr u=} QH Q=DiQ
QopL |=Hx@ QDxO=U CqO=at =@ GRrQ}e QopL R= xm u=mt= u}= |UQQ@ '|D=@U=Lt
|R=Uxv}y@ R= Oa@ j}kLD u}= QO "OwW|t |krD syt |Qt= OwW xO=iDU= GRr
uOQw; CUO x@ w TmwDU= � Q} w=v w Qr} w= QopL R= xv=o =OH xO=iDU= =@ p} wiQ}=
"CiQo Q=Qk xU}=kt OQwt GRr u=} QH QO =yv; |m}t=v}OwQ�; OQmrta 'xv}y@ p} wiQ}=
p} wiQ}= |m}t=v}OwQ�; OQmrta xm OW XNWt xOt; CUO x@ G}=Dv x@ xHwD =@
u}=Q@=v@ "CU= u=Um} \}=QW QO GRr p} wiQ}= R= QD u}}=B �40 OwOL GRrQ}e
xO=iDU= |ak=w u=} QH QO xv}y@ p} wiQ}= uDi=} |=Q@ Qr} w= CqO=at R= u=wD|tv
Qw_vt x@ |]N Qvi x=Qty x@ |WJ}B Qvi VwQ R= j}kLD u}= QO u}vJty "OQm
xO=iDU= C}kiwt =@ O}OH |=yp} wiQ}= pwL xm@W CmQL C=}rta CLY u}t[D

"OW

QO=k GRr u=} QH pL R= xOt;CUO x@ p} wiQ}= p@=kt QO "OW=@ |DwY QPo |=yCaQU
p} wiQ}= R= QDq=@ OYQO 55 |va} 53 OwOL =D =Q nQO x@ Ci}r ?} Q[ C@Uv CU=
p} wiQ}= uDi=} |=Q@ sRq |D=@U=Lt u=tR xm CU= QmP x@ sRq "OyO V}=Ri= x}rw=
Ca=U 31 OwOL pYi u}= |=OD@= QO xOW |iQat |xv=}=Q R= xO=iDU= =@ GRr |xv}y@
"CU= Ca=U 10 OwOL GRrQ}e |xv}y@ p} wiQ}= x@ |@=}CUO |=Q@ x@=Wt u=tR w

|Q}oxH}Dv "6
|OOa QopL w l}DvS sD} Qwor= R= xO=iDU= =@ |m}t=v}OwQ�; |R=Uxv}y@ Ov}=Qi
'ROrwv} Q OOa uOw@ q=@ Cra x@ |DwY QPo u=} QH QO "CU= Q@u=tR Q=}U@ u=} QH

=yCWwv=B
1. evolutionary algorithms
2. genetic algorithm
3. parsec
4. shape function

�References� `@=vt
1. Anderson, W. K. and Bonhaus, D. L. \Airfoil design on

unstructured grids for turbulent 
ows", In AIAA Jour-
nal, 37, pp. 185-191 (1999).

2. Baysal, O. and Eleshaky, M. E. \Aerodynamic design
optimization using sensitivity analysis and computa-
tional 
uid dynamics", In AIAA Journal, 30, pp. 718-
725 (1992).

3. H�alm�ainen, J. P., M�akinen, R. A. Tarvainen, P. and
\Evolutionary shape optimization in CFD with indus-
trial applications", Proceedings of ECCOMAS Confer-
ence, pp. 11-14 (2000).

4. Golberg, D. E. \Genetic algorithms in search, optimiza-
tion and machine learning", Machine Learning, 3, p. 102
(1989).

5. Anderson, W.K. and Venkatakrishnan, V. \Aerody-
namic design optimization on unstructured grids with
a continuous adjoint formulation", Computers & Fluids,
28, pp. 443-480 (1997).

6. Fouladi, N. and Jahangirian, A. \An algorithm based on
neural networks generalization power for genetic algo-
rithm speed up convergence in aerodynamics optimum
Designing", Journal of Mechanical Engineering Sharif
University of Technology, 40, pp.101-107 (2007).

7. Poole, J., Allen, C. B. and Rendall, T. C. \Aerofoil invis-
cid drag minimization by constrained global optimiza-
tion", in 11th World Congress on Computational Me-
chanics, Barcelona, Spain (2014).

8. Fusi, F., Quaranta, G., Guardone, A. and et al. \Drag
minimization of an isolated airfoil in transonic inviscid

ow by means of genetic algorithms", in 53rd AIAA
Aerospace Sciences Meeting, p. 1722 (2015).

9. Koo, D. and Zingg, D. W. \Progress in aerodynamic
shape optimization based on the reynolds-averaged
navier-stokes equations", in 54th AIAA Aerospace Sci-
ences Meeting, p. 1292 (2016).

41



"""|
xv}y

@|
L=Q]

Q@C
HRr

Q}F- =D10. Segee, M., Schetz, J. A. and Kapania, R. K. \Transonic
aerodynamics analysis for multidisciplinary design opti-
mization applications", in 34th AIAA Applied Aerody-
namics Conference, p. 4039 (2016).

11. Xin, P., Dawei, L., Jixiang, S. and et al. \Airfoil aerody-
namic optimization based on an improved genetic algo-
rithm", in Intelligent Systems Design and Engineering
Applications (ISDEA), Fifth International Conference,
pp. 133-137 (2014).

12. Timnak, N. and Jahangirian, A. \Multi-point optimiza-
tion of transonic airfoils using an enhanced genetic al-
gorithm", Proceedings of the Institution of Mechanical
Engineers, Part G: Journal of Aerospace Engineering,
232, pp.1347-1360 (2017).

13. Singh, K. P., Newman, J. C. and Baysal, O. \Dynamic
unstructured method for 
ows past multiple objects in
relative motion", In AIAA Journal, 33, pp. 641-649
(1995).

14. Samareh, J. A. \Application of quaternions for mesh de-
formation", NASA/TM-211646 .

15. Nakahashi, K. and Deiwert, G. S. \Self-adaptive-grid
method with application to airfoil 
ow", In AIAA Jour-
nal, 25, pp. 513-520 (1987).

16. Burg, C. O. \A robust unstructured grid movement
strategy using three-dimensional torsional springs", In
34th AIAA Fluid Dynamics and Exhibit, p.2529 (2004).

17. Spranger, K. and Ventikos, Y. \Which spring is the
best? comparison of methods for virtual stenting", IEEE
Transactions on Biomedical Engineering, 61, pp. 1998-
2010 (2014).

18. nemati, m. and Jahangirian, A. \A grid movement
method for optimization of intelligent air foils", Amirk-
abir University of Technology (2016).

19. Sobieczky, H. \Parametric airfoils and wings", In Re-
cent Development of Aerodynamic Design Methodologies,
Springer, 68, pp. 71-87 (1999).

20. Shahrokhi, A. and Jahangirian, A. \Airfoil shape pa-
rameterization for optimum navier-stokes design with
genetic algorithm", Aerospace Science and Technology,
11, pp. 443-450 (2007).

21. Jahangirian, A. and Johnston, L. \Automatic genera-
tion of adaptive unstructured grids for visous 
ow appli-
cations", In 5th International Conference on numerical
grid generation on CFD, Mississippi State Univ (1996).

22. Jahangirian, A. and Hadidoolabi, M. \Unstructured
moving grids for implicit calculation of unsteady com-
pressible viscous 
ows", International Journal for Nu-
merical Methods in Fluids, 47, pp. 1107-1113 (2005).

23. Jameson, A. \Time dependent calculations using multi-
grid with applications to unsteady 
ows past airfoils and
wings", In 10th AIAA Computetional Fluid Dynamics
Conference, p.1596 (1991).

24. Tropea, C., Jakirlic, S., Heinemann, H.-J. and et al.
\New results in numerical and experimental 
uid me-
chanics", Contributions to the 15th STAB/DGLR Sym-
posium Darmstadt, Germany 2006, 96 (2007).

25. Deb, K. Multi-Objective Optimization Using Evolution-
ary Algorithms, John Wiley & Sons, 16, pp.403-449
(2001).

26. Ebrahimi, M. and Jahangirian, A. \Aerodynamic opti-
mization of airfoils using adaptive parameterization and
genetic algorithm", Journal of Optimization Theory and
Applications, 162, pp. 257-271 (2014).

27. Jahangirian, A. and Shahrokhi, A. \Inverse design of
transonic airfoils using genetic algorithm and a newpara-
metric shape method", Inverse Problems in Science and
Engineering, 17, pp. 681-699 (2009).

42


