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Wettability of porous media has a remarkable influence on the morphology of invading fronts during fluid-
fluid displacement. For example, it has been shown that when invading and defending fluids exhibit an
instability-inducing viscosity ratio, the invading phase advances through viscous fingering, and the width
of the fingers is dictated by the substrate wettability. When the porous medium has low affinity to the in-
vading liquid (drainage), the width of the fingers is comparable to a pore size. In contrast, when the porous
medium has high affinity to the invading liquid (imbibition), the thickness of the fingers is well above the pore
size, and the invading phase advances as a more smooth and compact front [1, 2]. Recently, the experimental
observations were extended to the strong imbibition regime. It was shown that, in this case, front displace-
ment occurs via corner flow, where the invading fluid advances by coating the posts in a patterned Hele-Shaw
cell [3].

Motivated by these experimental observations in patterned microfluidic cells, we build on the work of Cieplak
and Robbins [3] to develop a quasi-static pore invasion model for the full range of pore wettabilities, from
strong drainage to strong imbibition. We describe the pore geometry as a pore network, and explicitly calcu-
late the critical pressures of pore invasion events to advance the fluid-fluid interface based on these pressure
thresholds. This revisited formulation of fluid invasion removes the bias associated with user-dependent
choices of pressure increments during the invasion, or conventions for the sequence of interface pore config-
urations. Our quasi-static simulations show a transition from invasion-percolation to cooperative pore filling
to corner flow as the wettability of the medium to the invading fluid increases, in quantitative agreement with
the experimental observations on micromodels.

Finally, we extend our model from a quasi-static to a dynamic description by accounting for viscous forces
during pore invasion, and buoyancy effects from density difference between the fluids. We apply the new
model to investigate impact of wettability on the morphology of unstable flow during secondary oil migration.
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