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NUMERICAL SOLUTION OF SIMPLIFIEIY NAVIER-STOKES
EQUATIONS FOR IYPERSONIC THREE-DIMENSIONAL
VISCOUS FLOW' WITH CHEMICAL NONEQUILIBRIUM

Ouyang Shuiwu  Su Yuhong Xie Zhonggiang
(Beijing Institute of Aerodynamics, Beijing 100074, China )

Abstract In this paper the time-dependent method has been applied to the compu-
tation of simplified Navier-Stokes equations for hypersonic three-dimensional viscous flows
with chemical nonequilibrium. The overall problem is decoupled into (a) a fluid mechanic
problem and (b) a chemistry problem. The coupling between the fluid mechanics and the
chemistry is treated in an iterative manner. For very high Mach number the air in the shock
layer that envelops the body is at high temperature. The air may become appreciably dis-
sociated and ionized. The degree of chemical reaction and ionization can have a significant
affect on the nature of the flowfield. For the chmistry problem a seven species gas model has
been applied to represent the finite rate chemically reacting air mixture. Zhang’s mixing-
anti-diffusing difference scheme without free parameter flux is used. The shock and surface
boundary conditions are treated using flow charactristic theory. Computation is performed
for the flowfield around a blunt cone reentry configuration at Mach 26, a flight altitude
of 85km and 10 degree angle of attack. Numerical results are obtained for the flowfield

parameters and surface heat transfer rates.

Key words dissociation, ionization, time-dependent method, chemical nonequilib-

rium, mixing-anti-diffusing differences scheme, Navier-Stokes equations.



