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A semi-implicit multidimensional unstructured gas
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Astrophysical problems such as modelling of core-collapse supernovae, collapses of protostellar clouds as
well as other processes, involving collapsing matter, deal with regions (e.g. protostars, protoneutron stars),
where a speed of sound has much larger values, than in remaining parts of a computational domain. A time-
step in explicit numerical schemes, thus, has to be bounded according to acoustic Courant-Friedrichs-Lewy
condition, dictated mostly by the high speed of sound in these compact regions. In some cases, this condition
can be very restrictive, and (semi-) implicit numerical schemes may outperform the explicit ones. We propose
a semi-implicit solver on a collocated mesh for self-gravitating gas dynamical flows, in which only acoustic
waves are treated implicitly. We use an operator-difference approach to construct difference analogues of
vector differential operators on unstructured meshes in two and three dimensions, which allows us to save
the conjugacy properties of the operators. We use a Rusanov-type dissipation to get monotonic flow profiles
and usual linear flux reconstruction to improve an order of spatial approximation. Results of test calculations
are presented.
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