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ABSTRACT

This paper presents a Variational Multiscale method for Compressible flows, VMS-C, whose preliminar
version was already presented in [1,2]. The VMS method was introduced by Hughes and co-workers
[3] in the context of incompressible flows. A compressible version for mixed Finite Volumes method is
proposed in [4] and a first version for supersonic flow is presented in [5]. In the present paper, we derive
a new formulation for a wide range of Mach numbers, analyzing different linearization strategies and
stabilization parameter τ choices. In its basic formulation, the subscale is modelled using a diagonal τ
times the space residual, but for some particular examples, the subscale is directly modelled with a “non-
diagonal” stabilization parameter matrix. The wide range of Mach numbers is tested with examples
ranging from transient atmospheric flows benchmarks up to hypersonic flows. In the very low Mach
range, the potential temperature θ is preferred instead of the total energy, complemented in both cases
with the density and linear momentum Navier-Stokes equations. For the case of supersonic flows, an
anisotropic shock-capturing diffusion is added. Viscous problems are addressed, particularly supersonic
ones with temperature dependent viscosities. In this paper, the explicit version of the VMC-C algorithm
is addressed, parallelized with almost linear scalability up to thousands of processors, extending the tests
of [1,2].
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