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THEORETICAL MODELING OF NON-EQUILIBRIUM STAGNATION STREAMLINE FLOWS
AND ITS APPLICATION TO HYPERSONIC FLIGHT

CHEN Song, SUN Quanhua

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

Abstract The chemical non-equilibrium effects during hypersonic flight of a blunt body are investigated by a
theoretical model developed for stagnation streamline flow. With the assumption of linearly distribution of axial
velocity, the flow equations together with chemical rate equation are solved iteratively based on shock fitting
procedure. The calculated stagnation streamline quantities and shock stand-off distance are compared with CFD
results, very good agreement is observed. It is found that the degree of dissociation first increased and then
decreased as flight altitude increases due to the competence between the equilibrium shift and non-equilibrium
effects. The observation is confirmed by CFD results and explains the phenomenon of the decline of real gas
effects with increasing flight altitude in the literature. The application to typical hypersonic flight conditions
shows that the oxygen dissociation region of air significantly departure from that predicted by equilibrium gas
model and the stagnation temperature at the external edge of the boundary layer also exhibit its dependence to

flight altitude when chemical non-equilibrium is involved.

Key words hypersonic flow, chemical non-equilibrium, oxygen dissociation degree, blunt body flow
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