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The fluid mechanics of gas flow over a micro cylinder

HU Yuan, SUN Quanhua and FAN Jing
State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, C A S, No.15 Beisihuanxi Rd, Beijing 100190, China

Abstract Air flows over a micro cylinder with Re from 0.01 to 40 and Ma up to 1 are simulated using both the
kinetic-based hybrid and the traditional CFD method. This study has shown great influence of compressible and
rarefied effects on the fluid mechanics of cylinder. The compressibility of flow can be enhanced due to low
Reynolds number effects, but be weakened by rarefied effects. The length of bubble at the rear of the cylinder
exhibits non-monotonic variation with Ma as a result of compressible effects. Rarefied effects will cause the
bubble shrink obviously, and even disappear. The slip velocity and non-equilibrium normal stress on the surface
of cylinder caused by rarefied effects have been observed. Moreover, the slip velocity will decrease the shear
stress. Finally, it is shown that compressible effects will increase the total drag coefficients, while rarefied
effects will cause the adverse effects. There is a competence on the variation of total drag coefficients between
the two effects.

Key words cylinder flow, low Reynolds number, compressibility, rarefied effects



