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Fig.1 Centerline temperature distributions
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Fig.2 Centerline pressure distributions

1~
075+

= 05F

025}

0 1 2 3 e
uX 103/ (m-s')

B3 x=1.08m 4k &H
Fig.3 Velocity profiles at x = 1.08m
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Fig.4 Centerline mass fraction distributions of O
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Fig.5 Centerline mass fraction distributions of NO*
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Numerical analysis of the effects of different thermo-chemical
nonequilibrium models on hypersonic nozzle flow

ZENG Ming!'?, HANG Jian', LIN Zhen-bin', QU Zhang-hua®
(1. Key Laboratory of High Temperature Dynamics, Inst. of Mechanics, Chinese Academy of Sciences, Beijing 100080, China;
2. College of Aerospace and Material Engineering, National Univ. of Defence Technology, Changsha 410073, China)

Abstract: Using axisymmetric full Navier-Stokes equations, the effects of different thermo-chemical nonequilibrium air
models on the hypersonic nozzle flow are analyzed numerically. They include (1) the comparision of different high tempera-
ture air models (5 species, 7 species and 11 species); (2) the comparision of chemical nonequilibrium flow with thermo-
nonequilibrium (two temperature model) and thermo-equilibrium (one temperature model) . The results show that the flow
tends to be in thermo and chemical frozen not far from throat. 7 species or 11 species thermochemical nonequilibrium model

should be taken for such situation.
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averages over control volumes in the same spectral volume. Thirdly, use MWENOS5-like scheme in these control volumes to
eliminate oscillations without losing numerical accuracy. After that, use Runge-Kutta TVD time discrete method to obtain
total discrete scheme. Several classic numerical tests show that the scheme here has capabilities to capture discontinuities in

high resolution.

Key words: hyperbolic conservation laws; spectral volume; control volume; SYMWENOS scheme


http://www.cqvip.com

