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Many real-life applications are dependent on the physics of multiphase flow in porous media. Some important
examples are geological carbon sequestration [1], enhanced oil recovery [2] , and remediation of groundwa-
ter/soil contaminated by a non-aqueous phase liquid (NAPL) [3]. The predictability and efficiency of the
aforementioned scientific and industrial applications rely on developing a robust constitutive theory of two-
phase flow in porous media. However, currently-used theories [4, 5], which involve capillary pressure and
saturation, are not capturing the process- and history-dependent nature of the flow adequately.

To address this deficiency, some theories of porous media have been extended during the last decades. For
instance, Hassanizadeh and Gray [7, 8] developed a macroscale theory for two-phase flow, in which they intro-
duced the interfacial area between the three phases as additional state variable in describing two-phase flow
(P° = f(a™,a"?,a"",s")) . Later, Hilfer and Doster [9] showed that with a phenomenological approach
they are able to reproduce experimental findings for capillary pressure and saturation, by differentiating be-
tween a percolating and a non-percolating saturation for the fluid phases. Although there has been extensive
improvement in reproducing the hysteretic behaviour of the processes, the numerical and experimental inves-
tigations about the mentioned theories have not been able to prove their unconditional validity and show that
they are dependent on the displacement process, the capillary number and the viscosity ratio under which
the study was performed [6, 10].

In this work, we aim at examining the two aforementioned theories [7, 8, 9] by combining microfluidic exper-
iments, optical microscopy and image processing techniques. We put the hypothesis of a potential synthesis
of these theories at test, by investigating the role of interfacial area as a separate state variable, while mak-
ing the distinction between connected and disconnected to the reservoir phases (percolating and not). We
performed flow-controlled microfluidic experiments, consisting of sequential drainage and imbibition cycles.
Subsequently, the images recorded during the experiments were processed and, among other parameters, the
interfacial area, the curvature and contact angle of the terminal menisci were extracted. Using Young-Laplace
equation, the capillary pressure associated with each wetting/non-wetting interface was calculated and aver-
aged over interfacial area. Then, a simple, but physically-motivated, function was fitted to the experimental
data for phase saturation, capillary pressure, and interfacial area. This was done once for all terminal menisci
between the wetting and the non-wetting phase, and then separately for the percolating phase only. Our
experimental results so far show that by taking the disconnections as a topological measure into account, we
are capable of modelling the apparent hysteresis between capillary pressure and saturation more effectively
than only having interfacial area as a state variable. The fitting seems to be valid for quasi-static as well as
dynamic conditions irrespective of the displacement process, the capillary number and the viscosity ratio. We
hypothesize that there can potentially be a single unique surface for a certain solid-fluids system, on which
all triplets, for all combinations for the capillary number and viscosity ratio would land.
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