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Accurate simulation of flows with spatially varying rarefaction levels poses significant challenges
to conventional numerical methods. Stochastic approaches such as Direct Simulation Monte Carlo
(DSMC) become computationally prohibitive in dense flow regions, while Navier-Stokes-based CFD
solvers lose validity where continuum assumptions break down. Hybrid CFD-DSMC methods have
been developed to address this issue [9, 7], yet remain sensitive to the placement of the coupling
interface [10, 3].

The method of moments offers a promising unified alternative, generating a hierarchy of macrosco-
pic conservation equations from the Boltzmann equation that naturally incorporates non-equilibrium
effects. Truncation of this hierarchy introduces an underdetermined system, requiring a closure re-
lation for the unknown fluxes. We present a systematic comparison of closure strategies, including
Grad-type [5, 6], maximum entropy [8, 1], and quadrature-based approaches [2, 4], assessed against
reference Discrete Velocity Method (DVM) solutions over a wide range of rarefaction levels with BGK
collisions. Special attention is devoted to the structural properties of each closure, namely realizability
and hyperbolicity, and their influence on solution accuracy. The results provide practical guidelines
for selecting appropriate moment closures based on flow conditions and computational requirements.
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