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Conceptual configuration aerodynamic performance of heat flux and
drag reduction in high speed rarefied flow

ZHANG Shuai

(Beijing Aerospace Technology Institute,
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Abstract: To investigate the heat flux and drag reduction characteristics of the space vehicle
combining the forward-facing cavity and the channel in high speed rarefied flow, numerical study
of aerodynamic and aerothermodynamics performance on the space vehicle was conducted via di-
rect simulation Monte Carlo (DSMC) method. Two groups of combinations were established.
The aspect ratio of forward-facing cavity was set as 1. The first series of channel with channel
heights of 0, 10, 20, 30, 40 mm, and the second series of lip bluntness with lip passivation ra-
dius of 2— 20 mm and the baseline channel height with constant 20 mm had been taken into con-
sideration. Results of the work for applying the cavity-channel concept to space vehicle showed a
proposing heating and drag reduction performance. Compared with the original blunt cone, the
cavity-channel configuration with channel height of 20 mm had the optimal performance within the
range considered, and the heat flux and drag reduction rates reached approximately 6.99% and
4.44% , respectively. Higher channel height indicated better drag reduction, but the heat protec-
tion effectiveness was weakened. The gas inside the cavity changed from rarefied flow to continu-

ous flow and the gas pressure oscillated. There could bring about apparent advantages of heat
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reduction without any drag increment penalty by employing cavity lip bluntness.

Key words: high speed rarefied flow; cavity-channel configuration;
direct simulation Monte Carlo (DSMC ) method;

aerodynamic heat flux reduction; aerodynamic drag reduction
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