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Test simulation of heat environment in high enthalpy
nonequilibrium flow and effects

YUAN Jun-ya', CAI Guo-biac', YANG Hong-liang?, Huang Jian-dong?

(1. BeiHang University, Beijing 100191, China; 2. Science and Technology on Space Physics

Laboratory, Beijing 100076, China)

Abstract: To examine the material's performance in arc-jet tunnel, the heat transfer in flight is
simulated by duplicating the surface pressure and total enthalpy based on the partial simulation.
The conditions of the partial simulation method are analyzed. And the flow fields of two scale
spheres are viewed by numerically solving the axisymmetric nonequilibrium Navier-Stokes equa-
tions. Effects on heat transfer and heat protection material are analyzed. It is demonstrated that
the test heat transfer is lower in nonequlibrium flow when using partial simulation method, espe-
cially for lower catalytic efficiency surface. And because the thermal enthalpy is lower, the test
degree for high temperature material is insufficient,
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Table 1 Conditions for the flight and arc-jet flow
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Fig.1 Pressure and enthalpy distribution along the
stagnation streamline(Rn=0. 8m)
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Fig.2 Temperature distribution along the stagna-
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Fig.3 Atomic mass fraction distribution along the
stagnation streamline(Rn=0, 8m)
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Fig. 4 Comparison of computed heat flux (Rr=0, 8m)
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Fig.5 Pressure and enthalpy distribution along the
stagnation streamline(Rn=20. 03m)

25000 )
[ N — T Test
r N - - - TFlight
20000+ N ~-=-=Ty Test
B \ ~ee Ty Flight
15000
S
10000}
5000
o

x/Rn

Bl 6 IF&AZ LEESAF(Re=0.03m)
Fig. 6 Temperature distribution along the stagnation
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Fig.7 Atomic mass fraction distribution along the
stagnation streamline(Rn=0, 03m)
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Fig. 9 Chemical enthalpy distribution along the
stagnation streamline(Rn=0. 03m)
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