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Fig.1 Sketch of surrogate-based multi-objective optimization method
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Fig.11 Comparison of pressure contour of baseline NACA64A—204 and optimized profile (Ma=0.8, Re=7.6x10°,a=1.5")
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Fig.12 Comparison of pressure contour of baseline NACA64A—204 and optimized profile (Ma=6.0, Re=4.23%10°,«=5.0")
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Efficient Multi-Objective Shape Optimization Method of Hypersonic Wide-Mach-
Number-Range Airfoil

Zhang Yang'-*>, Han Zhonghua'-**, Liu Fei'?, Song Ke'?, Zhang Keshi'?, Song Wenping'-?

1. Institute of Aerodynamic and Multidisciplinary Design Optimization, Northwestern Polytechnical University , Xi‘an
710072, China

2. National Key Laboratory of Science and Technology on Aerodynamic Design and Research, Northwestern
Rolytechnical University,Xi'an 710072, China

Abstract: The hypersonic wide-Mach-number-range vehicle needs to take off from ground with zero speed, go
through transonic, supersonic climb, up to hypersonic cruise. Therefore, besides the hypersonic performance, it must
also takes into account the subsonic, transonic and supersonic aerodynamic characteristics to meet the engineering
requirements. First, a new algorithm based on Surrogate model is proposed for multi-objective optimization, and the
numerical test instances of multi-objective optimization are tested, which shows that the efficiency of the algorithm is
significantly improved compared with the traditional multi-objective optimization algorithm NSGA-II. By combining the
new algorithm with RANS equation solver, shape parametrization method and automatic mesh generation technology,
a method for wide-Mach-number-range airfoil optimization is proposed. Then, a multi-objective aerodynamic design
optimization of airfoil is carried out, which takes the transonic and hypersonic aerodynamic performance into account.
The Pareto optimal solution set consists of 58 airfoils. The optimized airfoils on the Pareto front are analyzed, and the
mechanism of compromising transonic and hypersonic aerodynamic performance of wide-Mach-number-range airfoil
is summarized.

Key Words: multi-objective optimization; Pareto solution set; wide-Mach-number-range; airfoil design; hypersonic vehicle
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