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The capillary pressure defined as the pressure difference between the non-wetting and wetting fluid is one of
the important parameters that govern the multiphase flow through porous media. Traditionally, the capillary
pressure-saturation relationship is determined under equilibrium conditions. However, it has been demon-
strated in previous studies, that the dynamic conditions of the system (i.e the rate of flow) can significantly
influence the capillary pressure-saturation behavior, and therefore the classical static assumption may not be
valid under transient conditions. In this research, we developed an analytical model to study the dynamic
nature of the capillary pressure-saturation profile. We extend the Analytical Pore Network Approach (APNA)
introduced by Rabbani et al. (2019) to derive a mathematical model for the direct computation of dynamic
capillary pressure-saturation relationship in porous media. According to our knowledge, this is a first attempt
to analytically predict the dynamic capillary pressure-saturation profile; providing an opportunity for a rapid
prediction multiphase flow properties under non-equilibrium conditions. The analytical model was bench-
marked against experimental results reported in the literature under various boundary conditions, showing a
satisfactory match between the experimental and analytical results.
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