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Titel: Mach-Uniform Methods for Multiphase Flow Simulation

The numerical simulation of multiphase flow has important applications in science and industry. In liquid-gas
examples like in cavitation, the flow can vary from almost incompressible to supersonic. Computing multi-
phase flow over such a large range of Mach numbers challenges the accuracy and efficiency of the numerical
methods. For single phase flow, pressure-correction methods have proved successful for incompressible
flow, while approximate Riemann solvers have frequently been used for the inviscid flux approximation in
compressible flow. The extension of pressure-correction methods to compressible flow with shocks and the
preconditioning of approximate Riemann solvers for low Mach numbers have led to Mach-uniform methods,
which can compute single phase flow at potentially all speeds.

In the presentation, an asymptotic analysis of the compressible Navier-Stokes equations for low Mach num-
bers will illustrate the fundamental change of a hyperbolic-parabolic system into an elliptic-parabolic system in
the zero Mach number limit [1]. The analysis indicates how to extend pressure-correction methods from in-
compressible to compressible flow [2]. The idea of low Mach number preconditioning of typical compressible
flow solvers based on approximate Riemann solvers will be outlined [3]. Finite volume methods on staggered
and collocated grids, time discretizations and boundary conditions will be discussed for Mach-uniform meth-
ods.

The extension of Mach-uniform pressure- and density-based methods from single-phase to one- and two-fluid
multiphase models will be presented [4, 5]. Strengths and limitations of current Mach-uniform methods for
single and multiphase flow will be identified.
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