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A wide range of applications requires the understanding and the simulation of multiphase
flows in porous media. This includes various domains such as, for example, the envi-
ronmental understanding (flow in aquifer) or industrial processes (oil production). This
modeling requires specific volume-averaged conservation equations and, therefore, specific
CFD tools. Currently, porous media flows in the usual OpenFOAM solvers are handled by
adding penalization terms in the usual momentum equation to modify flow properties in
“porous” regions. However, this approach cannot handle the main features of multiphase
flows in porous media such as phase saturations, relative permeabilities and the capillary
pressure. In this work, we propose a dedicated toolbox whose aim is to serve as a basis
for further development of new multiphase model or numerical methods.

This toolbox contains a specific incompressible phase model suitable for porous media
flows. It includes new C++ classes for the “effective properties” models, i.e. relative
permeabilities and capillary pressure. The most common relationships used are already
implemented in the software (Brooks and Corey [1], Van Genuchten [2] and a simple linear
model for the capillary pressure). A specific boundary condition is also developed in order
to impose Darcy velocity. Finally, a two-phase flow solver, based on the IMPES method
[3], is developed and used to validate the toolbox.

The “effective properties” models are first validated separately. The classical Buckley-
Leverett configuration allows to validate the different “relative permeability” models while
the simulation of a capillary-gravity equilibrium allows the validation of the “capillary
pressure” laws. Finally, the simulation of a more complex multiphase flow over 1.6 million
cells (see Figure 1) is performed on a cluster to evaluate parallel efficiency of the developed
solver. The toolbox, tested from 16 to 1024 computational cores, shows a very satisfactory
parallel efficiency provided that the numerical problem is sufficiently large.
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Figure 1: Water saturation during an heavy oil recovery process
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