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Abstract:

Behavior of dilute or micro-scale gas flows cannot be described by ordinary fluid dynamics.
Such a gas is called a rarefied gas, and we need the framework of molecular gas dynamics based
on the kinetic theory of gases to investigate rarefied gas flows. Recent advances in micro- and
nano technologies enable the fabrication of moving structures with the length scale comparable
to the mean free path of gas molecules even at the atmospheric pressure, and these tiny moving
structures are expected to develop novel sensors or actuators. The gas behavior and its effects
on the moving parts of such devices should be treated as the moving-boundary problems for
rarefied gases. The present talk aims to give the fundamental features of the moving-boundary
problems of rarefied gases based on Ref. [1], and introduce a numerical method to deal with
some difficulties inherent in the problem containing the unsteady motion of the boundaries in
rarefied gases.

As a simple case of a moving boundary problem, we consider an infinitely wide plate separat-
ing an infinite expanse of a rarefied gas. The plate is allowed to move in its normal direction.
An elastic force proportional to the displacement from an equilibrium position acts on the
plate. When the initial displacement is given, the plate starts the motion perpendicular to it,
interacting with the surrounding gas molecules. As time goes proceeds, the displacement goes
to zero. We compute the rate of decay numerically with a special attention on the singulari-
ties, which are generated by the moving boundary, in the velocity distribution function of gas
molecules. The singularities consists of the localized discontinuities and steep gradients of the
velocity distribution function. In addition, we show that the rate of decay is proportional to
an inverse power of time t−n for large t, where the power n is dependent on the degree of gas
rarefaction [2, 3].
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