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INFORMATION PRESERVATION (IP) METHOD
IN SIMULATION OF INTERNAL RAREFIED
GAS FLOWS IN MENS ***

SHEN Ching

Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China

Abstract This paper reviews firstly method for treating low speed rarefied gas flows: the linearized Boltz-
mann equation method , the Latice Boltzmann method (LBM), the Navier-Stokes equation plus slip boundary
conditions and the DSMC method, and discussed the difficulties in simulating low speed transitional MEMS
flows, especially the internal flows. In particular, the present version of the LBM is shuwn vrfeasible for simu-
lation of MEMS flow in transitional regime. The information preservation (IP) method overcomes the difficulty
of the statistical simulation caused by the small inferrration to reise ratio for low speed flows by preserving the
average information of the enormeus number of molecules a simulated molecule represents. A kind of validation
is given in this paper. The specificities of the internal flows in MEMS, i. e. the low speed and the large length to
width ratio, result in the problem of elliptic nature of the necessity to regulate the inlet and the outlet boundary
conditions that influence each other. Through the example of the IP calculation of the microchannel (thousands
micrometers loug) flow it is shown that the adoption of the conservative scheme of the mass conservation equa-
tion and the super relaxation method resolves this problem successfully. With employment of the same means
the IP method solves the thin film air bearing problem in transitional regime for authentic hard disc write/read
head length (L = 1000 micrometers) and provides pressure distribution in full agreement with the generalized
Reynolds equation, while before this the DSMC check of the validity of the Reynolds equation was done only
for short (L = 5 wmicrometers) drive head. The author suggests degenerate the Reynolds equation to solve the
microchannel How problem in transitional regime, thus provide a means with merit of strict kinetic theory for

testing various methods intending to treat internal MEMS flows in transitional regime.

Keywords MEMS;, rarefied gas flow, information preservation method, conservation scheme, super relax-
ation method, linearized Boltzmann equation, Lattice Boltzmann method, microchannel flow, hard disc drive

write/read head, degenerated Reynold equation
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