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ASSESSMENT OF SECOND-ORDIX VELOCITY-SLIP BOUNDARY
CONDITIONS OF THE NAVIFER-STOKES EQUATIONS

Xie Chong! Fan Jing?
Laboratory of High Tempercture Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)
Y

Abstract For micro-scale gas flows, the Navier-Stokes equations with first-order velocity slip boundary con-
ditions give results that agree with experimental data in the slip regime, but differ obviously in the trausitional
regime. Second-order velocity-slip boundary conditions were introduced to improve the performance of the
Navier-Stokes equations in the transitional regime. This paper considers two-dimensional gas flows through
microchannels for which the Navier-Stokes solutions based on different second-order velocity-slip boundary con-
ditions suggested by Cercignani, Deissler, Beskok and Karniadakis, respectively, are compared with the kinetic
results given by the information preservation (IP) method, the direct simulation Monte Carlo (DSMC) method,
and experimental data. It is shown that the Cerciganani model performs best among the three second-order
models we examined, and its mass flow rate agrees with the DSMC and IP results even at the Knudsen number
of 0.4. However, a careful examination of the slip velocities and velocity distributions at and around the channel
surfaces given by the Cercignani model demonstrates that they considerately deviate from those given by the
DSMC and IP methods at the Knudsen number of 0.1, that is generally regarded as a critical value to divide

the slip and transitional regimes.
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