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A large class of porous media consists of consolidated grains. If there is a mixture of different grain types,
capillary forces may be strongly affected under immiscible two-phase flow. We have studied the effect of
a random mixture of two types of grains having different wetting properties on the transport properties of
immiscible two-phase flow in porous media under steady-state flow conditions using a dynamic pore-network
model.

Immiscible fluids A and B flow through pores between two types of grains denoted “+” and “−”. Fluid A is
fully non-wetting with respect to grain type “+” and is fully wetting with respect to grain type “−”. Fluid B
is fully wetting with respect to grain type “+” and is fully non-wetting with respect to grain type “−”. We
model the pore structure as the links in a square lattice. The nodes of the dual lattice is populated by the
grains. The grains of type “+” are assigned with a certain probability and the rest of the grains are assigned
type “−”. There are no spatial correlations among the grains. If a link passes between two “+” type grains,
the capillary force at fluid interfaces in the link will point in the direction of fluid B. If a link has type “−”
grains as neighbors, the capillary force at fluid interfaces in the link will point towards fluidA. If the link lies
between type “+” grains on one side and type “−” grains on the other side, we assume the capillary force to
be zero between the two fluids.

For a window of grain occupation probability values, a percolating regime appears where there are active
connected paths with zero capillary forces. Due to these paths, no minimum threshold pressure is necessary
to start a flow in this regime. Furthermore, while varying the pressure drop across the porous medium from
low to high in this regime, the relation between the volumetric flow rate in the steady state and the pressure
drop goes from being linear to a power law with an exponent 2.5, then being linear again. The linearity in
the initial low pressure drop regime is due to the active connected paths with zero capillary pressures, which
remains the same with small increase in the pressure drop. The non-linearity at the intermediate regime is
due to the opening of new paths with the increases in the pressure drop whereas the linearity in the high
pressure regime is essentially due to the entire network being active.

We also measure the mobility of the system at the percolation threshold of the grain occupation probability,
which exhibits a critical behavior reminiscent to the conductivity of a random resistor network. We measure
the critical exponent related to this mobility and find it approximately equal to 5.7.
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