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Classical models for two-phase flow in porous media are based on a capillary pressure – saturation rela-

tionship. Based on the assumption of thermodynamical equilibrium, this relationship is commonly written
as

Pn − Pw = P c(Sw) , (1)

where Pw and Pn denote the fluid pressures of the wetting and nonwetting fluid phases, and P c is the capillary
pressure which depends only on the saturation Sw of the wetting fluid. Prominent examples for this relation
for water/gas systems are the parametrizations by Brooks and Corey and by van Genuchten.
However, it is also known for a long time that the approach (1) has some shortcomings (cf. [1] and the references
therein). For example, there is hysteresis in P c–Sw curves obtained for drainage and imbibition. This non-
uniqueness is due to the absence of a specific description of the interfacial area (cf. [2] and the references
therein). In a recent publication, Daly and Roose [3] presented numerical results which show discontinuities in
the retention curve which correspond to changes in the microscopic droplet topology.
Applying homogenization techniques, we investigate the relation between saturation, droplet topology, and
capillary pressure. Thereby, a phase-field description of the microscopic two-phase flow is the method of choice,
as no artificial additional conditions are necessary to model topology changes or to guarantee conservation of
individual fluid masses.
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