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Prediction on the Flow and Heat Transfer Performance of Rarefied Gas

over Objects in Free Molecular Flow Regime
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(1. School of Energy and Power Engineering., Xi’an Jiaotong University, Xi’an 710049, China;

2. State Key Laboratory of Technologies in Space Cryogenic Propellants, Beijing 100028, China)

Abstract: Aiming at the problem of flow and heat transfer of rarefied gas over objects in free
molecular flow regime and based on gas molecular kinetic theory and relative coordinate system,
dimensionless expressions for predicting the flow and heat transfer performance of gas over flat
plates and cylinders are deduced, and the effects of Reynolds number, Mach number and Knudsen
number on flow resistance and heat transfer performance are discussed. This research shows that
the heat transfer ability gradually weakens with the increasing of Knudsen number when the
Mach number is constant; when the Knudsen number is constant, low Mach number (Ma<Z0. 1)
has little effect on the heat transfer performance, but high Mach number (Ma > 0.1) has
significant effect on the heat transfer performance. As the Mach number increases, the flow
resistance drops sharply first, and then gradually slows down while reaching the supersonic
speed. This study can provide theoretical basis and technical support for the prediction of the flow
and heat transfer performance of rarefied gas over aircraft in the free molecular flow regime.
Keywords: free molecular flow regime; rarefied gas; flow and heat transfer; gas molecular

kinetic theory; Knudsen number
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