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STUDY OF SOME RAREFIED GAS EFFECTS IN HYPERSONIC FLOWS

CHEN Song, HU Yuan and SUN Quanhua

State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, C A S, No.15 Beisihuanxi Road, Beijing 100190, China

Abstract Hypersonic flows usually exhibit features of high speed, high temperature and thermo-chemical
nonequilibrium due to viscous dissipation and strong shock compression. Those flows also involve rarefied gas
effects since hypersonic flights are generally carried out in the low density atmosphere to sustain surface heating.
This study employs CFD and DSMC methods to simulate flows related to flat plat, two dimensional cylinder
and sphere during argon or atmospheric environment. It is learned that, local rarefaction exists in the leading
edge area of the flat plate where CFD and DSMC results have difference even for small Kn number flows. The
surface temperature will affect the aerodynamic force in a way depending on the competence between the
viscous effects and rarefied effects. The real gas effects including vibration excitation and chemical reaction due
to high temperature under the atmospheric condition will change significantly the flow properties near the
leading edge. They will also decrease the skin friction and thermal conduction. This behavior, however, will be
weakened by the rarefied gas effects if exist. This study shows that it is necessary to employ proper multi-level

theoretical and numerical approaches to fully understand the coupled physical effects in hypersonic flows.
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