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different flight altitudes was studied. The three-order Runge-Kutta scheme was adopted
in the time-marching scheme. The five-order weighted essentially non-oscillatory (WENO)
and the six-order central difference schemes were used to discretize the convection term
and viscous term, respectively. The parallel computation was performed using MPI non-
blocking communication. The basic structural characteristics of backward-facing step flow
and jet flow under backward-facing steps at different flight altitudes were studied. Fur-
thermore, by combining the two flows, the flow field structure of the interaction between
the supersonic flow and jet flow was studied. The supersonic flow above the backward-
facing step was changed to simulate the environment of different flight altitudes, and the
environment affected structures such as vortices, shear layers, and shock waves in the flow
field. Tt was observed that after the interaction between the supersonic flow and jet flow,
a recirculation zone was generated near the back step, and the presence of supersonic flow
affected the structures of the jet flow.
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Table 2 Atmospheric standard parameters at 20~50 km flight altitudes

H/km T/K P/Pa p/(kgm™*) o
20 216.7 5 529.0 8.9%1072 Gt
30 226.5 1197.0 1.8x1072 Gt
50 270.7 79.8 1.0x10°% st

R 3 HHsH

Table 3 Jet flow parameters
Ma T/K P/Pa p/(kgm™?) 21.5%
2.0 1 100.0 1.97x10% 0.176 Gl
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Fig. 6 Supersonic flow acts on the double backward-facing steps at different flight altitudes
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Fig.12 Velocity distributions on half section of only jet flow and supersonic flow/jet flow
interaction at different flight altitudes (0.05 away from the nozzle)
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Table 6 Angles of jet shear layer at different flight altitudes
5 H/km EFEBCER/STRAHEER IR NWAE/(Y) BRI FAE/ ()

1 20 7 40.0
30 14 42.5
3 50 41 53.2
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Fig.13 Vortex structures of supersonic flow/jet flow interaction at different flight altitudes
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F= 7 NIF AT R T AR/ ST UA BLAE H B BC B
Table 7 Temperatures of BC section of supersonic flow/jet flow interaction at dif-
ferent flight altitudes

FFa H /km T/Too
20 2.8~4.3
30 3.2~4.0

3 50 4.0~4.1

R 8 ANERAT R T AR /SR AL R I R CD Bl
Table 8 Temperatures of CD section of supersonic flow/jet flow interaction at dif-
ferent flight altitudes

e H/km T/ T
1 20 4.2~5.3
30 4.0~5.3
3 50 4.0~4.3
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