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In this paper, airfoil geometry representation is proposed for the efficient design optimization and the
knowledge discovery. Here, PARSEC airfoil representation is improved with several modifications. To
investigate the possibility to solve the unknown real-world design problem, two type airfoil geometries
is considered using genetic algorithms. One is a conventional transonic airfoil in the Earth atmosphere,

the other is a airfoil which can be used in Martian atmosphere To evaluate the aerodynamic performance,
the structured Navier-Stokes solver with BaldwinLomax turbulent model is used. According to this
result, the proposed airfoil representation method can generate the airfoil geometry which achieves high
aerodynamic performance as same as NURBS representation. These results suggest that the proposed

method can useful for the design exploration methods which include data mining, because the airfoil
geometry can be defined with the design variables which show aerodynamic performance directly.
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Fig. 2 Airfoil definition by thickness distribution and camber.
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Fig. 4 Airfoil representation by NURBS.
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Fig. 6 Non-dominated solutions obtained by MOGA for a
transonic airfoil designs.
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Fig. 7 Non-dominated solutions obtained by MOGA for a
Martian airfoil designs.

09
08
07
06

RSl

09
08
07
06

0.5 /d 0.5
+1/d max
bl »/dsecond| ™% +1/d max
03 cond, o #1/d second
o “ifdthird | 02 U/ d secor
. ~I/d fourth | * 1/d thire
01 ranmh | o —1/d fourth
o o —/dfifth |
W & £ E E F F OF & % # W &% tE k t F OF OF & & #
# #® ® @ @ ¥ ® @ #® 2 #n # # T T I T T T B |/ H
¥ 5 B B X B B X B 13 * B B % X 8 B X M & i
SCeRlEslT T fUTiiiggiic
s 5 £ E § = B & = B & =
i3 ol @ I
® -3 L3 ®
HIRGEH KREEH
1
n; +1/d max 09 *l/dmax
9 1/d second o8  ®l/dsecond
08 /d third S i/dthird
0.7 —I/d fourth 07 _i/d fourth

~I/d fifth

L
-4
£
&

® & X & B B B & &
X X @ # X X X’ 8
X B @& B * * * ® A
5 & x =z : ;’ ..’; &
& AooRER

H 5

£

~I/d fifth

W & B R & B B B & # B
®# X X @ B X X X 8®8 8 n
£ R ORomom ot r % A R
Kgﬁsgggg;é
A A
N T
o b4
-3 D

RS

1

os [ Fl/dmax 09 *Vdmax

9 ml/d second % =1/d second
08 .i/d third 08 _./d third

07 —i/d fourth 07 —I/d fourth
06 ~I/dfifth

06 ~I/d fifth
s

04
03
02
01

o o
woR B R ® ¥ B B B # E]
lxkﬁ!?tttl:ﬁ g;;%ﬁ:%%%ﬁgﬁ
TR EBE 2T OELIE = ¥ % oM om B %X ¥ ¥t ¥B OB K
@ B w8 £ {5 rars & ® ® = = 5 rars
& hog o Ex g A og % xR
L ' L7
§E 5 FE 3

Fig. 8 Comparison of PCP plot among PARSEC airfoil
representation, proposed airfoil representations; (a)PARSEC
airfoil  representation, (b)modified PARSEC airfoil
representationl, and  (c)modified PARSEC airfoil
representation2.
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Fig. 9 Development of aircraft’s geometry definition tool.
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