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Optimization with metamodel is one of numerical optimization methods. Response surface method is performed 
for making metamodel. The Hcks-Henne function is used for designing 2D shape of the airfoil and spring analogy is 
used to change the grid according to the change in shape of the airfoil. Aerodynamic coefficient required for 
response surface method are obtained by using Navier-Stokes solver with  shear stress transport turbulence 
model. For the baseline airfoils, OA 312, OA 309, and OA 407 airfoils select and optimize to improve aerodynamic 
performance.
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1 2 3

  at    0.80 0.81 0.85
             0.01 0.01 0.01

 at 1.6 1.3 1.0
Max , % 12 9 7
Base airfoil OA312 OA309 OA407

Table 1 Aerodynamic constraint limits
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Fig.  2  Comparison of NACA64621 and designed airfoils geometry

    

    

    

    
    

Table 2 Design conditions

NACA64621 Designed
0.01375 0.01287

0.51583 0.73330

-0.11475 -0.14188

1.92520 2.01302
57.49667 58.3778
69.11376 75.60673

Table 3 Aerodynamic design optimization results

5 10 .
C-type(321×65)

128 .

spring analogy [9].

2.3 

(Maximum lift coefficient) ,
(drag divergence Mach number)

[11,12,13]. 
Table 1

. Mach number

0.1 Mach 

number .

3. 

3.1 

[14]
.

Navier-Stokes .
 SST(Shear Stress Transport) .

[10]. NACA64621 

.

0.21, 
.

0.99 
. Table 2
.

Table 3 ,
NACA64621 1% ,

10% 

. 0.5 

0.7 ,

.
.

Fig. 2
.

,

. Fig. 3



AoA

C
l1.

5 /C
d

-5 0 5 10 15 20
0

20

40

60

80

100

Designed
NACA 64621

Fig. 3  of NACA64621 and designed airfoil
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Fig. 4 Comparison of OA 312 and designed airfoils geometry
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Fig. 5 Comparison of OA 309 and designed airfoils geometry
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Fig. 6 Comparison of OA 407 and designed airfoils geometry
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Fig. 7 Computed characteristics of OA airfoil  and designed airfoil , 
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Fig. 8 Computed characteristics of OA airfoil and designed airfoil , 
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Fig. 9 Computed characteristics of OA airfoil and designed 
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