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Three-Dimensional Aerodynamic Optimization
Akira Oyama, Shigeru Obayashi, Kazuhiro Nakahashi and Takashi Nakamura

Abstract

A Genetic Algorithm(GA) has been applied to optimize a wing aerodynamic shape for generic subsonic
transport aircraft using Navier-Stokes computations. Conventional optimization schemes are not suitable for
aerodynamic optimization problems as they fall into a local optimum. Since a GA searches multi-directionally,
the resulting aerodynamic optimization algorithm finds a global optimum. Moreover, as the algorithm itselfis
very simple and thus very robust. However, a GA needs enormous computational time. Previous study
indicates that 2-D optimization of airfoil shape with GA and Navier-Stokes calculation needs several hundred
CPU time on CRAY C90 single processor. From this study, we realize that 3-D optimization with GA will
require unacceptable CPU time even on a supercomputer. Thus, any 3-D optimization of wing shape has never
done before with a GA and Navier-Stokes calculation though Navier-Stokes calculation is necessary to
evaluate L/D of a wing precisely. In this study, to overcome enormous CPU time necessary for this
optimization, 1) Spanwise maximum thickness and twist angle distributions are selected as design variables
2) The multigrid technique is applied to the 3-D Navier-Stokes computation, 3) The computation is
parallelized on Numerical Wind Tunnel at National Aerospace Laboratory, which is a parallel vector machine
with 166 processing elements. The objective of the present optimization is to maximize L/D of wing shape. To
avoid apparent solution of zero thickness wing for low drag in high speed, A structural constraint is
considered. In the optimum design obtained from the present GA, the design principles for the wing developed
by existing theory and experience are found to be materialized. This indicates feasibility of the present
approach for the aerodynamic optimization in advanced computational environments.
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