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An aerodynamic configuration optimization method for reducing lateral
aerodynamic nonlinearity of reentry vehicle
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Abstract: In order to reduce the lateral nonlinear aerodynamic characteristics of lifting reentry vehicles in
the transonic regime, a new adaptive optimization method for the aerodynamic configuration has been developed
in the present study based on the Kriging meta-model. To test this method, a standard lifting reentry vehicle is
designed, which lateral aerodynamic force in the transonic regime is calculated using the computational fluid
dynamics (CFD) tool, and those parameters for the wing configuration which may affect the lateral aecrodynamic
characteristic are analyzed. Based on the optimization process for the aerodynamic configuration, the lateral
aerodynamic characteristics for the samples are first evaluated, then a meta-model is established to map the
configuration parameters to the derivatives of the lateral moment, so that the optimization of the aerodynamic
configuration with the objective of minimizing the nonlinearity of the lateral moment is achieved. Aerodynamic
data of the optimized vehicle configuration suggests that the new design method is useful and effective. This
work introduces a new way of designing aerodynamic configuration, which can reduce the difficulty in control

system design as well as ensure flight safety for reentry vehicles.
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Fig. 1 Aerodynamic configuration of a typical reentry vehicle
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Fig. 6 Schematics of the configuration optimization variables
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Table1 Simulation parameters for the calculation of one

sample’s objective function

Ma a/(°) B/() h/km
0.5 0,5,10 0.5

0.9 0,5,10 0,5 5.0
1.2 0,5,10 0,5
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Fig. 7 Flowchart of the aerodynamic configuration optimization process
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Fig. 10 Derivative of the roll moment coefficient
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Table 2 Aerodynamic configuration optimization results

Variables — @1/(°)  @/(°)  @3/(°) (L/D)pa=0.9,0=5°
Base 60.0 30.0 30.0 2.04
Optl 63.8 224 19.8 1.92
Opt2 52.9 39.3 23.0 2.07
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Fig. 12 Pressure contour for the configuration Opt2
Ma=0.9, p=3°
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