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L ow Reynolds Number Airfoil Design Optimization
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AkiraOYAMA* and Kozo FUJII*
*Division for Space Transportation Eng., JAXA ISAS, Sagamihara, Kanagawa 229-8510, Japan

Low Reynolds number airfoil design optimization is demonstrated. A two-dimensional Navier-Stokes solver is used
for aerodynamic performance estimation of the airfoil design candidates because the viscosity effect is not negligible at
low Reynolds number flight condition. An evolutionary computaion is used for robust airfoil design optimization.
The result demonstrated that the optimized airfoil is a very thin airfoil with significant camber. The result aso
showed that the low Reynolds number airfoil hastime variation in itslift and drag.

0.1 : .
a.2 === Control points
10° 6 0.08} =. | Airfoil surface
10 o
105 006 e '{./.I T i
Q ) P Lz
. Al N (.04 f e T S R
0.02
OL AR N
10° g
-0.02 i i 1
0 0.2 0.4 0.6 0.8 1
X/c
(N-S) Fig.1 Airfoil parameterization using B-Spline curves.
N-S
1) TVD % LU-ADI ®
2,000
0.4735
100,000
n N-S
8)
BLX
4) B
JAXA ISAS  SX-6

-126-



1

2)

3

4)

5)

6)

8)

2004

100,000

Hall, D. W., Parks, R. W., and Morris, S.: Airplane for Mars
Exploration, www.redpeace.org, (1997).
Guynn, M. and Croom, M.: Evolution of a Mars Airplane
Concept for the ARES Mars Scout Mission, AIAA Paper
2003-6578 (2003).
Jones, R. T. , : (

, 1993) 40-49.
Oyama, A., Obayashi, S., Nakahashi, K., and Hirose, N.:
Fractional Factorial Design of Genetic Coding for Aerodynamic
Optimization, AIAA Paper 1999-3298 (1999).
Obayashi, S. and Wada, Y.: Practica Formulation of a
Positively Conservative Scheme, AIAA J., 32 (1994) 1093-1095.
Fujii, K. and Obayashi, S.: Practical Application of Improved
LU-ADI Scheme for the Three-Dimensional Navier-Stokes
Computations of Transonic Viscous Flows, AIAA Journal 25
(1987) 369-370.
Deb, K.. Multi-Objective Optimization using Evolutionary
Algorithms (John Wiley & Sons, 2001).
Oyama, A., Obayashi, S., and Nakahashi, K.: Real-Coded
Adaptive Range Genetic Algorithm and Its Application to

Aerodynamic Design, JSME International Journa Series A, Val.

43, No.2, (2000) 124-129.

0.06 - . . 1.00

0.05

0.50
LI/ a
T 003 0.00

0.02
-0.50
0.01

0.00 -1.00
W et U WO UL 0.00 020 040 060 080 100

x/c e

Fig.2 Optimized airfoil shape and corresponding Cp distribution.
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Fig.3 Total pressure distributions (up:l/d max, low:l/d min).
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Fig.4 Lift and drag coefficients time history.
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