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Adaptive multi-scale modeling of two-phase flow including capillary pressure
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ABSTRACT: Many important applications in porous media like CO2-Storage, EOR, remediation of groundwater, etc., require large scale simulation of complex physical processes. Due to limitations of computational resources huge model domains often have to be simulated on relatively coarse grids. However, porous media are in general heterogeneous on all spatial scales and the smallest length scale which is important determines the required discretization resolution. One solution strategy is provided by multi-scale methods which allow to decrease the global degrees of freedom while preserving important features. In our work we combine adaptive grid methods based on multi-point flux approximation or mimetic schemes with different local upscaling techniques. Upscaling of multi-phase parameters is based on a  capillary equilibrium assumption, where resulting effective parameters like relative permeabilities can be full second order tensors. Especially, the correct treatment of these anisotropic coefficients is a challenge for the numerical scheme. The focus is on regimes which are capillary dominated or in which capillary pressure effects at least are significant. In these cases many existing upscaling techniques, which originally were developed and have been approved for advection dominated systems, fail or are not able to yield sufficiently accurate results.
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