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Configuration optimization design of hypersonic gliding lifting body

MA Yang, YANG Tao, ZHANG (Qingbin
( College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; The hypersonic vehicle has a large number of configuration parameters, and its aerodynamic shape design is very complicated. To
overcome this difficulty, a lifting body shape parametric design method is proposed. This method is based on class function/shape function
transformation (CST) and power function expression, whose design variables are limited to six ones, which makes it very convenient for
configuration analysis and design. By means of orthogonal experiment analysis, the influence of the configuration parameters on volume efficiency
and lift-drag ratio of the lifting body was studied, and the ones with the great influence were obtained. Meanwhile, the experiment results found that
the configuration parameters have conflict influence on the volume efficiency and lift-drag ratio. Thus, to search for the best configuration
parameters, a Kriging surrogate model based multi-objective genetic algorithm was applied to design the lifting body shape, in which the volume
efficiency and lift-drag ratio were taken as the two conflict objectives under the constraints of the longitudinal stability and vehicle volume.
Numerical results show the efficiency of the method and a uniform Pareto front was obtained. The volume efficiency and lift-drag ratio of the typical
optimized shape can be increased by 17.31% and 11.94% , respectively, in comparison with the baseline. Differences of the results gained from the
Kriging surrogate model and real physical model are less than 4% . Furthermore, the influences of leading edge blunting on aerodynamic character
were researched. The results indicate that, the lift-drag ratio of the lifting body decreases significantly with the increase of blunting radius. It is also
found that the optimized results can be extrapolated to the leading edge blunting shapes when aerodynamic character is the unique concern.
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Tab.1 Typical parameters of the bottom curve

N., N, H, H,
Imaginal line 2.5 1.5 0.3W 0.15W
Continuous line 0.7 0.9 0.35W 0.2W

1.3 HAEESSH
QAL 2 e 7 DR AR 2SR FH R R R
w2 (7).
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Fig.1 Schematic diagram of the bottom curve
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Fig.2 Schematic diagram of the planform curve
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Fig.3 Front view of lifting body
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Tab.2 Factor-levels of orthogonal experiment

W/m N, N, H/m H/m n

levell 2 0.1 0.1 0.2 0.2 0.1

leve2 2.5 0.5 0.5 0.325 0.325 0.3

level3 3 0.9 0.9 0.45 0.45 0.5
0.575

leveld 3.5 1.5 1.5 0.575 0.7

level5 4 3 3 0.7 0.7 0.9
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Tab.3 Range analysis results of each factor
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Fig.6 Influences of each factor with different levels on volume efficiency and lift-drag ratio
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Tab.4  Design variables and their ranges

Factor N, N, H,/m H,/m n

0.25 0.25 0.2 0.2 0.1
Upper bound 3 3 0.7 0.7 0.9
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Tab.5 Baseline and its performance
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Fig.7 Pareto-optimal solutions of multi-objective optimization
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Tab.6 Comparison between typical feasible solution and Baseline

Parameter n L/D X, V/m’

Value 0. 302 3.032 0. 625 2.45

Difference(% ) 17.31 11.94 1. 805 21. 66
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Tab.7 Verification of typical Pareto front

Shapes Difference of 5 Difference of L/D
Max LD -1.84% 1.51%
TFS -3.28% 3.33%
TPF 0.92% 2.49%
UBFS 1.52% 0.97%
LBFS 0.057% 1.72%
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Fig.8 Influences of edge blunting on lift-drag ratio
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