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1 Introduction

Flow in jet engine combustion chamber are characterised by the simultaneous presence of
a low Mach number flow and acoustic waves. The capability of accurately simulating this
type of systems is of crucial importance when designing the new generation of engines.
Tackling this issue numerically is quite a challenging problem. Indeed, it is not only
necessary to preserve the acoustic character of the Euler or Navier Stokes equations, which
means keeping the compressible property of the flow but also to conserve the asymptotic
behaviour of the equations as the Mach number tends to zero. Furthermore, to deal
with turbulence, high order methods are sometimes needed. Thus the scheme used must
remain stable when the order increases.

Analysis of the Euler equation using asymptotic expansion in the continuous case shows
that the asymptotic limit of the compressible system as the Mach number tends to zero
is the incompressible one [4]. However, it is well known that in the discrete case, classical
compressible solver do not give accurate solutions for low Mach flows simulations [1, 2, 5].
Moreover, studies concerning the behaviour of those scheme in the unsteady case are very
rare, in particular when one is interested in the propagation of acoustic waves in this kind
of flow.

It is proposed here to study the behaviour of some existing numerical methods design to
accurately solve the compressible Euler equation at low Mach number. We will focus on
the unsteady case and try to propose a new scheme which both allows good resolution
for the convective flow and the acoustic propagation. Particular attention will be paid to
the behaviour of this scheme with high order discontinuous Galerkin discretization.



Simon Delmas, Vincent Perrier and Pascal Bruel

2 The steady case

For preserving stability, upwind scheme are used to introduce artificial viscosity. This
numerical dissipation depends on the Mach number and its behaviour when the Mach
number tends to zero was studied by several authors like in [1, 2, 5]. Guillard and Viozat
[2], noticed by performing an asymptotic expansion that the scaling of the dissipation
in the Roe solver and in the continuous case were different. This explains the accuracy
problem for this solver when the Mach number becomes small. They proposed a precon-
ditioning of the dissipative part of the flux to overcome this problem. Rieper [5] proposed
a simple modification of the scheme which allows to recover also the good scaling. Del-
lacherie [1] generalizes the cure to all Godunov type scheme by adding another dissipative
term. All those methods give good results as far as steady flow are considered.

3 The unsteady case

Although the schemes cited previously are accurate in the steady case, they present sev-
eral problems in the unsteady one. Study of this phenomenon are rare, we can cite the
recent work of Moguen et al. [3] based on pressure correction algorithm who reveal ac-
curacy problem at low Mach number. Concerning density based scheme, our test on the
propagation of acoustic waves showed that those proposed for steady calculation do not
give good results or are not stable. This could be explained using a two-scale asymptotic
analysis and by making appear the wave equation in the Euler system. In particular we
show the lack of numerical dissipation for this equation when using a modified scheme.
Our intuition is that it is possible to obtain a stable and accurate scheme for both convec-
tive and acoustic information at low Mach. For this purpose, we propose to investigate
using the approach in [1]. This scheme should have good properties, which allow not
only to recover the incompressible limit as the Mach number tends to zero, but also to
accurately solve acoustic propagation in the flow and to remain stable with high order
discretization.
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