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Intuitively, to simulate the compressible Navier-Stokes equations one could
think of using a tried and tested schema for Euler equations coupled with a
method of discretization of diffusion operators. One can think of this approach,
based on a classical Riemann solver, as a splitting algorithm that separates these
two phenomena. That being so, however seductive it may seem, such a method
sometimes gives unsatisfactory results. It is to be hoped that these defects will
fade when, instead of using a Riemann solver, we instead implement a staggered
scheme where the unknowns of temperature and velocity are stored on different
grids. The objectives of this project are as follows :

• highlight, on specific test cases, the flaws of the naive approach and try
to understand them ;

• implement, in a Python code, a scheme on staggered grids, following the
approach conceived in J. Llobell’s thesis for the "hyperbolic" part of the
equations, and with a finite volume scheme for the diffusion ;

• relevant test cases will be exhibited (eg. inspired by the works of R.
Herbin, J.-C. Latché and their collaborators) ;

• we can study the stability properties of the proposed scheme,

• and consider physically interesting extensions (especially with diffusion
coefficients that may depend on density or temperature).
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