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Many systems of hyperbolic partial differential equations depend on an adimensional parameter
which triggers different phenomena according to its size. This is the case for instance of the
Knudsen number in kinetic models or the Mach number in gas dynamics. In this talk, I will
focus on numerical problems arising when dealing with the transition from compressible to in-
compressible regimes as the Mach number becomes small. There is an extensive body of research
that has been devoted to this topic in the last twenty years. As we rely on numerical compu-
tations to approximate solutions and study their performance, we wish to develop schemes that
preserve the asymptotic behaviour of the solution also at the discrete level. Low Mach and All
Mach schemes are numerical methods which are designed to preserve the incompressible limit
also at the discrete level.

Hyperbolic phenomena are characterized by different velocities, which are encripted in the
eigenvalues of the Jacobian matrix of the flow. For gas dynamics, these are the acoustic waves
which travel with the sound speed, the convective waves which move with the gas speed, but
also elastic waves, if one considers more complex materials. We can also have several acoustic
speeds for mixtures composed of several fluids, with different equations of state. When we study
these phenomena from a numerical point of view however, we must choose a grid, with a typical
mesh width h, and a time step ∆t. This induces a ”numerical speed” a = h/∆t. Whether we use
uniform or adaptive grids, at any point we typically have only one ”numerical speed” to represent
phenomena that instead are far richer. An important aspect of a numerical scheme than becomes
ensuring the possibility of choosing which phenomena the scheme should best capture, knowing
that we have a single numerical speed at our disposal. Low Mach schemes answer this need:
they are of interest when convective waves are the waves of interest, and acoustic waves can be
smeared out.

In this talk, I will present ideas we developed for low Mach schemes applied to gas dynamics,
elastic materials and two phase flow. I will also hint at a fully implicit scheme designed to target
one specific speed, which can be chosen by the user.
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