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RAREFIED GAS EFFECTS ON THE AERODYNAMICS OF HYPERSONIC AIR
VEHICLES

SUN Quanhua FANJing LIU Hongli JIANG Jianzheng
(Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences, No. 15 Beisihuanxi Road,
Beijing 100190, China)
(Hypersonic Research Center CAS, No. 15 Beisihuanxi Road, Beijing 100190, China)

Abstract Hypersonic air vehicles experience low-density environment when traveling across the atmosphere,
and the flows exhibit rarefied gas effects, which alters the aecrodynamics of the vehicles. In this paper, the direct
simulation Monte Carlo method is employed to simulate flows of modeled air vehicles having simple geometric
shape such as delta wing at a Knudsen number between 0.001 and 0.1 for various Mach number and angle of
attack conditions. With the calculated acrodynamic forces and heating, we obtained the general behavior of the
rarefied gas effects on the vehicles’ aerodynamics. It was found that the shock thickness increases in the rarefied
flow, and the shock and boundary layer could mix to have a shockless structure in the flow field. When the
Knudsen number increases, the drag coefficient of the vehicle increases whereas the ratio of lift to drag
decreases. In addition the nondimensional heat transfer rate increases. Namely, the rarefied gas effects
deteriorate the aerodynamics of the vehicle. Then shape optimization under the rarefied flow conditions

becomes very important in order to improve the vehicle’s performance.

Keywords rarefied gas effect, hypersonic air vehicle, direct simulation Monte Carlo method, aerodynamics
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