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,oemi-Implicit Method for All Mach Number Flow
for the Euler Equations of Gas Dynamics on
Staggered Grid “

Abstract:
An original numerical method to solve the all-Mach number ow for the Euler equations of gas
dynamics on staggered grid is presented. The system is discretized to second order in space
on staggered grid, in a fashion similar to the Nessyahu-Tadmor central scheme for 1D model
[4] and Jang-Tadmor central scheme for 2D model [5], thus simplifying the ux computation.
This approach turns out to be extremely simple, since it requires no equation splitting. We
consider the isentropic case and the general case. For simplicity we assume a -law gas in both
cases.
Both approaches are based on IMEX strategy, in which some term is treated explicitly, while
other terms are treated implicitly, thus avoiding the classical CFL restriction due to acoustic
waves. By rescaling the variables the (possibly small) Mach number " appears in the
equations.
PtV - (pu) =0
{ A ouZ 2y = (1)
(pu)+V - (pu” + p/e”) =0
completed with the relation p = kp'. The core if the implicit term contains a non-linear elliptic
equation for the pressure, which has to be treated by a fully implicit technique. Because of the
non-linearity, it is necessary to adopt an iterative method to compute the pressure. In our
numerical experiments Newton's method worked with few iterations.

1. Isentropic Euler Case:

PtV - (pu) =0
2. General Euler Case: (pu),+V - (pu? + ple?) =0 (2)
E,+ V- ((E+p)u) =0

The system is closed by the (suitably scaled) equation of state E= pe?u?/2 + p/(y — 1).

In this case the implicit term is treated in a semi-implicit fashion, thus avoiding the use of New-
ton's iterations. In both cases the schemes are implemented to second order accuracy in time.
Suitably well-prepared initial conditions are considered, which depend on the Mach number ".
In one space dimension we obtain the same proles found in the literature ([1],[3] for the isen-
tropic case and [1], [2] for the general Euler system) for all Mach numbers. Current work is
related on the development of second order accurate schemes for 2D problems and higher

order accurate schemes for 1D and 2D problems.

References

[1] S. Noelle, G. Bispen, K. R. Arun, M. Lukacova-Medvidova, and C.-D. Munz. An Asymptotic Preserving All Mach Number Scheme for the
Euler Equations of Gas Dynamics, pre-print.

[2] P. Degond and M. Tang. All speed scheme for the low Mach number limit of the isentropic Euler equations, Commun. Comput. Phys.,
10(1):1f31, 2011.

[3] J. Haack, S. Jin, and J.-G. Liu. An All-Speed Asymptotic-Preserving Method for the Isentropic Euler and Navier-Stokes Equations,
Commun. Comput. Phys., 12:955f980, 2012.

[4] H. Nessyahu and E. Tadmor. Non-oscillatory Central Dierencing for Hyperbolic Conservation Laws, J. Comput. Phys., 87, 408-463 (1990).
[5] G.-S. Jiang and E. Tadmor. Non-oscillatory Central Schemes for Multidimensional Hyperbolic Conser-vation Laws, Siam J. Sci. Comput,
Vol. 19, No. 6, 1892-1917 (1998).

Hierzu sind alle herzlich eingeladen.




