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Kinetic theory analysis of microscale lubrication of a gas between walls with
an arbitrary temperature difference
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Microscale lubrication of a gas between circular cylinders with the
clearance of the order of the mean free path of the gas is studied on the basis of kinetic theory.
The dimensionless curvature, defined as the clearance divided by the radius of the spindle, is
small. The Boltzmann equation is studied analytically using a perturbation method. It was clarified
that a lubrication equation derived by the direct application of the conventional lubrication theory

yields a non-negligible error proportional to the square root of the dimensionless curvature, when
the clearance is much smaller than the mean free path. An improved lubrication equation is derived
by correctly taking the effect of small curvature into account. It was also demonstrated that the
improved equation provides the solution that perfectly agrees with the direct numerical solution of
the Boltzmann equation over the entire range of the clearance.
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