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Fig.1 Normalized Mass Flow Rate

In a wide range of applications, non-equilibrium rarefied
gas flows are required to be simulated with accurate and ef-
ficient computational methods. The Boltzmann equation,
which is derived from gas kinetic theory, is fundamental
to describe rarefied gas dynamics using molecular velocity
distribution function (VDF). The deterministic numerical
simulation is an attractive approach for direct resolution
of the Boltzmann equation, especially for flows at micro-
scales. This method adopts a quadrature to approximate
the integral with respect to molecular velocity on a discrete
set of velocities. The VDF which is discrete in the veloc-
ity space but continuous in the physical space and time is
solved by computational fluid dynamics methods, including
finite difference, finite volume and finite element schemes.
The Runge-Kutta discontinuous Galerkin (DG) method has been applied to solve the
kinetic equations on arbitrary triangular mesh [1]. Although it has been shown that the
DG method is more efficient than a finite volume method, the method is still expensive
for steady problems. This is due to the fact of the high-dimensionality in the Boltzmann
equation, as a consequence, a large number of degrees of freedom (DOF) are involved.
In recent years, a new DG method called hybridizable discontinuous Galerkin (HDG)
method offers an efficient way to reduce computational cost by reducing number of DOF.

In this work, we have developed a HDG method to solve the 2D Boltzmann kinetic
equation. The molecular velocity space is firstly discretized with velocity abscissas. Then,
the discrete VDFs and their traces are sought in the piecewise finite element space on
triangles and element faces, respectively. By employing a numerical flux, which is derived
from the upwind scheme, and imposing its continuity on faces, the final systems for
VDF traces are obtained involving fewer DOF. Verification is carried out for a force-drive
Pouseuille flow, which demonstrates its accuracy over a wide range of rarefaction (see
Fig.1). The performance of this method is also evaluated.
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