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Abstract

Two principal methods have been used to simulate the evolution of two-phase immiscible flows of liquid and
gas separated by an interface. These are the Level-Set (LS) method and the Volume of Fluid (VoF) method.
Both methods attempt to represent the very sharp interface between the phases and to deal with the large
jumps in physical properties associated with it. Both methods have their own strengths and weaknesses. For
example, the VoF method is known to be prone to excessive numerical diffusion, while the basic LS method
has some difficulty in conserving mass. Major progress has been made in remedying these deficiencies, and
both methods have now reached a high level of physical accuracy. Nevertheless, there remains an issue, in
that each of these methods has been developed by different research groups, using different codes and most
importantly the implementations have been fine tuned to tackle different applications. Thus, it remains unclear
what are the remaining advantages and drawbacks of each method relative to the other, and what might be
the optimal way to unify them. In this paper, we address this gap by performing a direct comparison of two
current state-of-the-art variations of these methods (LS: RCLSFoam and VoF: interPore) and implemented in
the same code (OpenFoam). We subject both methods to a pair of benchmark test cases while using the same
numerical meshes to examine a) the accuracy of curvature representation, b) the effect of tuning parameters,
¢) the ability to minimise spurious velocities and d) the ability to tackle fluids with very different densities. For
each method, one of the test cases is chosen to be fairly benign while the other test case is expected to present
a greater challenge. The results indicate that both methods can be made to work well on both test cases, while
displaying different sensitivity to the relevant parameters.
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1. Introduction

The representation of complex interface movement in real multiphase flows requires robust but also efficient
numerical techniques. This is particularly important for applications where hydrodynamic breakup is a dominant
feature. For example when high speed diesel jet atomisation is of interest, then the accurate representation of
the interface close to the nozzle is of paramount importance in order to predict primary breakup and the
subsequent droplet size distribution [1]. Another example is low capillary oil/gas flows within porous media
where interface capturing techniques can help to understand better the highly complex nature of oil mobilisation

and extraction [2].
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