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Relating oil-water two-phase flow pore-scale
phenomenon to Darcy-scale constitutive relations
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Multiphase flow in porous media on large (Darcy) scales is conventionally modelled by constitutive relations:
relative permeability and capillary pressure functions. These are typically obtained experimentally and are
specific for a given porous medium and flowing phases under certain conditions. The approach, although
widely used, is still under scrutiny. One of the fundamental challenges of modeling is how to interpret these
constitutive relations in terms of pore scale fluid phenomenon.
In this work we conducted an oil-water drainage experiment on a synthetic porous medium consisting of glass
beads. The fluids and medium were visualized using confocal microscopy. We were able to characterize the
saturation distribution in the porous medium both as a function of time at a specific location in the porous
medium and throughout the entire medium at steady state conditions. We then characterized the constitutive
relations by accurately matching a one-dimensional model to the transient results of the experiment. Insight is
drawn regarding the relationship between the observed pore-scale flow and the resulting Darcy-scale relative
permeability and capillary pressure functions.
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