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Monte Carlo simulation for the flow-field structure and aerodynamic
heating due to cavities on hypersonic vehicle surfaces

in the rarefied flow regime
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(1. China Academy of Aerospace Aerodynamics,
China Aerospace Sicence and Technology Corporation, Beijing 100074, China;
2. School of Aerospace Engineering, Tsinghua University, Beijing 100084, China)

Abstract: In order to solve the problem of local aerodynamic heating due to cavities or
imperfections on the hypersonic vehicle surfaces, the direct simulation Monte Carlo (DSMC)
was employed to investigate a rarefied and hypersonic flow over cavities at the altitudes of
70, 75, 80km and 90 km, while considering the effects of rarefied gas and three-dimensional
property on flow-field structure inside the cavity and heat flux over the cavity surfaces. It
showed that one primary recirculation region was formed as a result of flow separation and
reattachment at aforementioned altitudes. In addition, rarefied gas effect played an important

role in flow-field structure and heat flux; as the flight altitude increased, the primary vortex
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became slender, with its core moving up and top-right-corner part sharpening; and the heat

flux consequently concentrated to the top region of the downstream surface of the cavity.

Moreover, the inclusion of the third-dimension would preclude main-stream gas molecules

from penetrating into the cavity, causing the rise of the core of the primary vortex, and an assump-

tion of two dimensionalities resulted in an overprediction of heat transfer to the cavity surfaces.
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Table 1 Freestream parameters at different altitudes

p;,,/l()*:’

H/km u./(m/s) T./K p../Pa v
(kg/m*)

70 7425:85 219. 585 5.2209 8.2829
75 7234.24 208. 399 2.3881 3.9921
80 7062. 80 198. 639 1. 0525 1.8458
90 6850. 33 186. 867 0.1836 0.34163
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Table 2 Positions of the primary vortex
70 75 80 90
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Table 3 Peak values of heat flux on each surface of the cavity
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Fig. 7 Heat flux distributions over the side surface at different altitudes
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