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Aerodynamic Optimization of Three-dimensional Transonic Wing

Akira Oyama’. Shigeru Obayashi®. Kazuhiro Nakahashi® and Takashi Nakamura?®

Abstract

A Genetic Algorithm (GA) has been applied to optimize a transonic wing shape for generic transport aircraft, The
extended Joukowski transformation as well as NACA five-digit series is used as airfoil definition of a wing to design a
transonic wing geometry which maintains enough wing thickness to stand the bending moment due to the lift
distribution.. A three-dimensional compressible Navier-Stokes (N-8) solver is used to evaluate aerodynamic performance.
The N-S evaluation is parallelized on Numerical Wind Tunnel (NWT) at National Aerospace Laboratory in Japan, a
parallel vector machine with 166 processing elements, Designed wings show a tradeoff between an increase of the airfoil
thickness driven by a structural constraint and a reduction of the wave drag produced by a shock wave, Further
investigations are necessary for the airfoil definitions as well as the GA operators.
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Design Lower-bound | Upper-bound
Variable
J(x) -0.1 0
J.(v2) 0 0.1
To(x0) 1 1.05
Ju(¥0) 0.05 0.05
Js(A) 0 0.8
A} 0 1.88
a -5 deg. 10 deg.
Y, 0 1.88

Table 1 Boundaries of design variables
(root chord = 1)
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Figure 4 Spanwise thickness distribution
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Figure 6 Spanwise lift distribution

Figure 7 Pressure contours on the upper surface
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Figure 14 Optimization history
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Figure 15 Pressure contours on the upper surface
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