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The contribution of pore-scale properties is often neglected in large scale (macro-scale) models describing
subsurface fluid processes (1). Pore-scale flow properties, such as wettability have a significant impact on
macro-scale flow functions, such as relative permeability, capillary pressure, saturation distribution and dis-
placement efficiency (2). Upscaling multiphase flow from Pore-to-Darcy scale is one of the largest unresolved
problems in the field of porous media research that has attracted the interest of many researchers for decades
(3). One of the key challenges is addressing connected and disconnected fluid fractions (4)(5).
In this work, the combined effects of wettability and fluid flowrate on dynamic fluid connectivity and the sat-
uration function are investigated. Direct numerical simulations involving immiscible displacement of decane
by water were performed in a 2D digital model of a Berea sandstone rock. In all simulations performed, the
Berea sandstone model was initially saturated with decane and then water was injected to displace it from
the pore spaces. Invading fluid Darcy velocities investigated ranged from 0.03m/s (Ca= 5.45x10-4; Reynold’
s number (Re) = 0.36) to 30m/s (Ca= 5.45x10-1; Re = 360). Wetting conditions investigated were for contact
angles 45° (water-wet), 90° (neutrally-wet) and 150° (oil-wet).
Connected pathway flow (CPF) and two disconnected flow regimes were observed. The first disconnected
flow regime was classified as ganglion dynamics (GD), where the invading fluid propagated through the pore
network in the form of large, disconnected ganglia. The second disconnected flow regime was a drop traffic
flow (DTF), where the invading fluid propagated throught the pore network as very small fluidic elements
(droplets).
At the lowest capillary number (Ca= 5.45x10-4), the CPF regime dominated under the neutrally wet state
whilst the GD flow regime dominated for the oil- and water-wet cases. A connectivity index (Λ) derived from
the Euler characteristic (χ), a fluid topological descriptor, was used to track the temporal evolution of fluid
connectivity as the simulations progressed. For all wetting conditions investigated, ganglia of the defending
fluid became smaller and more disconnected with increasing flow rate. At the highest capillary number (Ca=
5.45x10-1), the DTF flow regime dominated for all wetting states. In cases where the GD regime dominated,
low flow cohesion was observed between discrete ganglia whilst high flow cohesion was observed where the
CPF regime was dominant. Although more discrete fluid elements were present in the DTF regime in compar-
ison to the GD regime, higher flow cohesion was observed in DTF dominant cases. The transition from low
cohesion to high cohesion flows was found to have a consequential effect on the kinetics of the displacement
process and the shape of the saturation function. Displacement efficiency increased by up to 35% for highly
cohesive flows in comparison to flows with low ganglion cohesion.
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