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Numerical Analysis for Forced Convection Heat Transfer of
Rarefied Gas Across Circular Cylinder in Slip Flow Region

WANG Xinbao', LI Yanzhong'?, XIE Fushou', WANG Jiaojiao' , WANG Lei'

(1. School of Energy and Power Engineering, Xian Jiaotong University, Xian 710049, China;
2. State Key Laboratory of Technologies in Space Cryogenic Propellants, Beijing 100028, China)

Abstract: For lift-off of launch vehicles, the flow regimes of gas over the wall of the tank varies
with altitude, which leads to changing characteristics of the heat transfer between the tank wall
and atmosphere. To reveal the characteristics of convective heat transfer across a circular cylinder
for rarefied gas, the boundary conditions for the velocity slip and temperature jump are
presented. A modified method of Fluent model is developed to predict the heat transfer in slip
flow region within the ranges of Reynolds number from 0. 001 to 20 and Knudsen number from
0.001 to 3, and in these regions, the numerical simulation results are compared with the
experimental data. The results show that in continuous flow region (Kn<C0.01), different
boundary conditions exert little influence on the results. However, for slip flow region (0. 01<C
Kn<{0. 1), the predicted results with the modified boundary condition become more accurate, and
this method with the modified boundary condition could extend to partial transition flow region
(0. 1<<Kn<(2) to predict heat exchange.
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