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The literature on numerical methods for multi-scale porous-media problems is extremely
vast, addressing topics from reactive transport to multi-phase flow models. Particularly
challenging is the situation when moving interfaces are encountered at the scale of pores.
On the one hand, the movement of these interfaces is determined by the velocities of
the fluids, in the case of two immiscible fluid phases. On the other hand, through the
movement of these interfaces, the behavior of the system is affected, e.g., the distribution
of the fluids in the pore or the flow domain. Moreover, such processes encountered at the
pore scale impact the behavior of the system at the Darcy scale (macro scale), which is
our primary interest.

In this talk, we discuss the design of a two-scale method for the two-scale model of two-
phase porous media flow presented in [1]. There, the freely moving interface separating the
fluid phases is approximated by solving a Cahn-Hilliard type of equation. The micro-scale
solution depends on the macro-scale variables, such as saturation and concentration. We
include variable surface-tension effects, depending on the concentration of a surfactant
dissolved in one of the fluid phases. The effective parameters, that are needed on the
macro scale, are determined by solving micro-scale cell problems which, in their turn,
depend on the evolution of the fluid phases.

Here we focus on the computation of the macro-scale effective parameters. We propose a
mixed formulation combined with adaptive techniques at both micro and macro scales to
solve the associated cell problems.
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