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A big open question in astrophysics is understanding the state a star is in just before the onset of a supernova explosion. Thus stellar evolution of progenitors for supernovae is looked at via numerical simulation. The PDE model at its core consists of the compressible Euler equations with gravity in three space dimensions. The numerical method is a finite volume method. The Mach numbers of the flow range form 0.01 to 1. Thus part of the the numerical challenges are a combination of well-balancing, solving for both low Mach and higher numbers and three space dimensions. We shall illustrate how the introduction of numerical techniques found in the literature for these challenges may break down in their combination. It turns out that one issue is the instability of stationary solutions in multiple space dimensions. We show how a combination of heuristic fixes and rigorous analysis lead to a viable scheme.
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