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Abstract. Pressure dislocation might be observed when the modified ghost fluid
method (MGFM) is applied to simulate radially symmetric multi-medium fluid flows
for a long time. We disclose the insightful reason that the MGFM cannot satisfy bal-
anced boundary conditions when applied to simulate the radially symmetric com-
pressible multi-medium flows, resulting in a first-order temporal error in the inter-
face region. To impose these balanced boundary conditions, we develop an improved
MGFM in this work. The reconstruction for the initial value of the multi-medium
Riemann problem at the interface is specially designed in combination with these
balanced boundary conditions. In addition, the predicted instantaneous interface
states and balanced boundary conditions are then utilized to define the ghost fluid
states. Theoretical analysis shows that the improved MGFM can satisfy these balanced
boundary conditions and effectively eliminate the first-order temporal error at the in-
terface. Its extension to two dimensions is also presented. Numerical results show that
the proposed improved MGEM can restraint pressure dislocation and overheating at
the material interface very well and effectively improve mass conservation.
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1 Introduction

In the numerical simulation of multi-medium flows, the ghost fluid methods (GFM) have
been common approaches for treating the immiscible interfaces [1-7]. Among them, a
typical representative is the modified ghost fluid method (MGFM) [5], which establishes
and reassigns the ghost fluid values by solving a multi-medium Riemann problem at
interfaces and has been successfully applied to solve various problems involving large
density ratios, large pressure ratios [5,6,8-19]. Based on the techniques of multi-medium
Riemann problem, the interface interaction GFM (IGFM) [6], the real GFM (RGFM) [7],
the practical GFM (PGFM) [8], the second-order MGFM (2nd-MGFM) and so on, have
been developed.

The MGFMs predict the moving interface states based on the classical Riemann prob-
lem with piecewise constant initial values, theoretically resulting in only first-order ac-
curacy of the interface treatment. When they are employed for long-time simulation
of multi-medium problems with geometrical source terms, there is always a first-order
temporal error occurring at the interface. Accumulation of such errors with time leads to
numerical overheating and pressure dislocation [20]. To eliminate the error, Liu and co-
workers [20-22] and Li and co-workers [23] developed high-order sharp interface meth-
ods based on the generalized Riemann problem (GRP) [24-27], and achieved to control
the conservation error and eliminate the pressure dislocation. Nevertheless, implement-
ing the above two methods relies on predicting interface states and spatial derivatives
solved from the complex multi-medium GRP. At present, an explicit form for the first-
order derivatives in GRP is not available for a general equation of state.

To avoid solving a complex multi-medium GRP, we develop an improved MGFM,
especially for compressible multi-medium fluid flows, by maintaining the velocity and
pressure equilibrium through enforcing the interface balanced boundary conditions in
this work. The construction for the multi-medium Riemann problem and the assignment
of ghost fluid states are modified to satisfy the balanced boundary conditions. It can
be shown that the proposed method theoretically satisfies the balanced boundary condi-
tions. This new approach can be regarded as a direct extension of MGFM when applied
to the radially symmetric problem to maintain the velocity and pressure balance across
the interface. The presented method possesses the following appealing features: simplic-
ity and efficiency. A series of typical test cases for 1D planar, cylindrical, and spherical
symmetric and 2D planar problems are provided to verify the maintenance of balanced
boundary conditions and improvement of mass conservation for the proposed method.

This article is organized as follows. Section 2 introduces governing equations and
the error analysis of MGFM for radially symmetric multi-medium problems. In Section
3, we propose an improved MGFM and analyze the error at the interface. In Section 4,
we apply the proposed method to solve various compressible multi-medium fluid flows.
The conclusion is briefly given in Section 5.



