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Aerothermodynamics Environments of Orbital Return Vehicle
LI Xiang, WANG Baoguo

Department of Aerospace Engineering Beijing Institute of Technology, Beijing 100081, China

Abstract The thermochemical nonequilibrium, aerodynamic heating and aerodynamic characteristics of the hypersonic vehicle flow field
are important issues in computational fluid dynamics. In typical space shuttles, during return capsule re—entrying the Earth’s atmosphere,
or in the process of a variety of probes entering the atmosphere of other planets, the effects of gas molecules in high—temperature flow field
behind the shock wave, such as vibration excitation, dissociation, ionization and thermal radiation, are significant, because of the very high
speed of vehicle, which would affect the flow field in the state of flow and thermodynamic properties. Analytical study of
aerothermodynamics is an important part in the flight control and the vehicle Thermal Protection System (TPS) design. The flow fields of
the Orbital Return Vehicle (ORV) aviating in the earth atmosphere with the Mach number varying from 9.7 to 27.8 were simulated in 10
cases by using the conservation integral form of Navier—Stokes equations with multi-species, nonequilibrium molecular thermal excitation
and chemical reactions, based on the high—resolution Total Variation Diminishing (TVD) scheme. Aerodynamics and heat transfer of the
high—temperature and high—velocity flow field behind bow shock were studied, and the aerodynamics coefficient and the wall heat flux are
in good agreement with fight data. This study provides some useful data for designing vehicles” TPS.
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Table 1 Reaction mechanism and rate coefficients Fig. 1 Geometry parameterization for ORV (unit: mm)
G b 3.2
/(m* mol™-s™) n K ’
84.01~48.40km 10
No+M- N+N+M
1 M=N,,0,,NO 7.00x10" —-1.60 113200 ) 3 0
M=N,0 3.00x10' -1.60 113200 3.3
O0,+M<  >0+0+M
2 M=N,,0,,NO 2.00x10' -1.50 59750
M=N,0 1.00x10t -1.50 59750 3
NO+M<  "N+O+M Table 3 Freestream conditions for ORV trajectory
3 M=N,,0,,NO 5.00x10° 0 75500
- i Knudse
M=N,0 1.10x10 0 75500 /s . Jm-s) /K nudsen
< > 6
4 NO+0* "N+0, 8.40x10 0 194350 74115 84.01 7415.90 785 9.63x10°
5 No+0< °NO+N 5.69x10° 042 42938 74215 79.90 7360.20 878 3.05%10°
2 7431.5 7581 7245.70 976 2.07x10
Table 2 Equilibrium constants 7441.5 71.73 7049.20 1091 7.40x10™
4
1, 1. 1. 1 1 7451.5 67.66 6720.30 1213 5.93x10
7461.5 63.60 6223.40 1344 3.70x10*
1 3898 -12611 0.683 -0.118 0.006 1 160 1458 L9104
2 1335 4127  -0.616 0093  —0.005 74715 5960 3561 I7x
3 1549  -7.784 0228  -0.043 0.002 7481.5 55.74 4759.10 1531 1.39x10™*
4 0215  -3.657 0.843  -0.136 0.007 7491.5 51.99 3873.40 1557 8.59x107
5 2349  -4.828 0.455  -0.075 0.004 7501.5 48.40 3000.00 1388 5.26x107
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Fig. 2 Heat flux of stagnation point of ORV
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Fig. 3 Distance of shock of ORV
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