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Fig. 1 Three-dimensional hypersonic vehicle (a) and simplified

configuration (b)
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Fig. 8 Lift-to-drag ratio and volume distribution in optimization iteration
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Table 1 Lift-to-drag ratio and volume of 8 key points in
2D optimization

Number Total volumgn?3 CL/Cob
N1 1.7169 3.4007
N2 1.7551 3.3702
N3 1.8099 3.3245
N4 1.8418 3.2865
N5 1.8644 3.2561
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N7 1.7757 3.3236
N8 1.8069 3.291
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Table 2 Computational results for 3D configurations

Number Total voluman? C_/Cp-2D C_/Cp-3D Cwm Pressure centén
N1 1.7169 3.4007 3.0786 0.0425 2.4966
N2 1.7551 3.3702 3.0647 0.0413 2.5099
N3 1.8099 3.3245 3.0306 0.0404 2.5183
N4 1.8418 3.2865 3.0118 0.0390 2.5334
N5 1.8644 3.2561 2.9950 0.0380 2.5444
N6 1.8790 3.2347 2.9804 0.0372 2.5540
N7 1.7757 3.3236 3.0417 0.0396 25291
N8 1.8069 3.2910 3.0195 0.0386 2.5401
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MULTI-OBJECTIVE OPTIMIZATION AND AERODYNAMIC PERFORMANCE

ANALYSIS OF THE UPPER SURFACE

FOR HYPERSONIC VEHICLES Y

Gao Taiyuah™ CuiKai*? Hu Shouchab Wang Xiuping

*( State Key Lab of High-temperature Gas Dynamitsstitute of Mechanics Chinese Academy of ScienceBeijing 100190 China)
( The System Design Institute of Electro-Mechanic EngineerBejjing 100854 Ching)

Abstract To aim at analyzing the variation of the aerodynamic performance as well as the volume of hypersonic vehicles
caused by the modification of the upper surface, a two-dimensional multi-objective optimization study is carried out by
considering the design condition of flight Mach number 6.5, flight altitude 27 km, arilightt angle of attack. The
CFD-embedded pareto genetic algorithm is used as the optimization driver. On the basis of 2D optimization results,
several typical 3D configurations are generated, and a primary relationship between the aerodynamic performance and tt
volume is obtained by numerical simulation. The results show that the lift-to-drag ratio is approximately linear inverse
proportion to the volume for both two-dimensional and three-dimensional configurations, though there are significant
differences between the 2D and 3D aerodynami¢ficient values. Moreover, the lift-to-drag ratio can only gain a little
increment (about 0.36%) by adjusting the symmetrical profile shape of the upper surface when the volume is a constant
while the volume has a relatively large adjustable range (about 1.93%) under the condition of fixing the lift-to-drag ratio.
Besides, the numerical results also demonstrate that the adjustment range of the pitch moment of the vehicle is about 5¢
by modifying the shape of the upper surface when the lift-to-drag ratio and the volume are all fixed simultaneously.

Key words hypersonic, Pareto genetic algorithm, volume, lift-to drag ratio, computational fluid dynamics
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