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Study on multi-physical effects of hypersonic gliding waverider vehicles

HAN Hangiao, ZHANG Chen’an, WANG Famin

(State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, CAS, Beijing 100190, China)

Abstract; The multi-physical effects at high attitude and high Mach number have significant influences
on aerodynamic performance of hypersonic gliding waverider. The present research generated a typical gliding
waverider vehicle from a cone-derived waverider through engineering design. The influences of multi-physical
effects on aerodynamic performance was analyzed by CFD method. Viscous interaction effects and real gas
effects on the hypersonic gliding vehicle were studied respectively. In addition, inviscid and viscous CFD
method based on perfect gas, as well as viscous CFD method based on equilibrium gas were applied to investi-
gate the sensitivity of each physical effects (including Mach number effects, viscous interaction effects and

real gas effects) on different aerodynamic parameters. Results of this study indicate that variations of aerody-
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namic parameters influenced by different physical effects are of great difference, so just one or two physical
effects could be concerned while designing a hypersonic gliding vehicle. The results are valuable for the de-
sign and aerodynamic estimation of hypersonic gliding waverider vehicles.
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good dynamic performance for step response simulation. However, CFD simulation result shows that its o-
vershoot exceeds 50% and setting time is 1. 7s. Finally the controller is optimized through CFD simulation by
using different parameters. The final controller has a much smaller overshoot and setting time which are 14 %
and 1. 18s respectively. Analysis shows that the control fin deflection rate is 200°/s, resulting in strong dy-
namic effect which cannot be depicted by the aerodynamic model and induces the significant difference of com-
puter simulation. Simulation results show that virtual flight simulation can play a key role in the analysis of
control method.

Key words: virtual flight; CFD; trimmed flight; PID control; optimization



