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Pore-scale effects during the transition from
capillary- to viscosity-dominated flow dynamics

within microfluidic porous-like domains
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In this work, numerical and physical experiments were carried out involving two-phase flow in an artificial,
transparent porous medium, namely a micromodel. The pore structure was formed by the combination of
disordered pillar-like obstacles. With the use of high s sensitivity pressure sensor at the flow inlet we were
able to monitor the pressure fluctuations under fixed flux boundary conditions. We were able to capture the
dynamics of the advancing interface in terms of pressure, and at the same time capture the corresponding
phase distribution with optical microscopy. The experimental part of this work covered 4 orders of magnitude
in terms of capillary number, as the means to depict the transition of the flow regime from a capillarity- to a
viscosity-dominated one. Phenomena like Haines jumps and sequentially pore filling and simultaneous pore
filling were visualized with respect to each flow regime. For the capillarity-dominated regime we were able
to recover a clear correlation between the boundary pressure readout and the corresponding throat size of
the invasion pressure based on Young-Laplace equation. This correlation gradually faded away, of course,
as the system would transition to a viscous flow regime. A robust Level-Set model was able to be validated
experimentally by explicitly tracking the interfacial dynamic at a sub-pore scale resolution under identical flow
and pore structure conditions. The numerical model was validated against well-established theoretical models
which account for both effects, capillarity, and viscosity, on interfacial dynamics. The proposed numerical
model recovers very well the experimentally observed flow dynamics, both in terms of phase distribution
patterns and inlet pressures, but also the effects of viscous flow on the apparent (i.e. dynamic) contact angles
in the vicinity of the pore walls.
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