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Abstract By taking a Blend-Wing-Body configuration with dual flanking inlets layout as the baseline, an aerodynamic

shape optimization study for the leading edge of the vehicle is carried out. An increment-based method is developed tc
parameterize the leading edge, and the uniform design method is taken as the optimization driver. Totally 31 configuration:
with different leading edge shapes are generated, and then the aerodynamic performance of all configurations are evaluat
by computational fluid dynamic simulation in the cruising conditions of Mach 6, flight altitude 26 km, and flight angle of

attack 4. Numerical results show that the relative variations of the lift and the drag coefficients in whole design space are
21.3% and 31.8%, respectively. Consequently, the relative variation of the lift-to-drag ratio is about 10.63%. In contrast,
the maximal value of the relative position transition for the longitudinal pressure center is only 3.87%. Besides, the results
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also indicate thathere is a proportional relationship between the vertical project area and the lift or di#igients.

Finally, the effect of the leading edge deformation on the aerodynamic characteristics is analyzed on the basis of the
results, and some primary rules are concluded. A concave shape of the leading edge is benefit to the improvement of th
lift-to-drag ratio, while a convex one leads to a large lift coefficient.

Key words hypersonic airplane, air-breathing vehicle, shape optimization, parameterization, uniform design
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Fig. 1 Theeffect drawing (left) and the three-view (right) of

the baseline vehicle
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Table 1 Size parameters of the baseline vehicle

L/mm Lp/mm W/mm H/mm Hp/mm
7225 1400 2936 570 10
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Fig. 2 lllustrationof the computational domain and meshes for

aerodynamic performance evaluation of the baseline
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of attack



* 2 M

ST REAE TSI BV T VR A e P A LT S A A AT 293

(b)

P 4 JLAERG R TTRE ) R A AR Al ih 2 (22)
Fig. 4 Variation of the lift and the drag céients with flight angle of

attack (continued)
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Fig.6 Flovchart of the optimization and analysis
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Table 2 Boundary values of design space

Variable Laver bound Upper bound
A/Aw -0.1 0.3
P1 0.1 0.4
P> 0.0 0.1
P3 0.2 0.8
Py P3 0.8
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Fig. 11 Aerodynamiparameters comparison of all

sample configurations
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a 0.07169 0.01487 4.82
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Fig. 14 Wall pressure distribution of three typical configurations
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