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Multiphase flow in porous rocks plays a crucial role in CO2 sequestration, subsurface energy storage and
aquifer remediation. The main missing link in understanding the physics of this process is the transition
from the length and time scales of a single pore to those of a macroscopic description. At the intermediate
scale, intricate fluid distribution patterns emerge, closely tied to the geometry and surface chemistry of the
pore space. Starting with Lenormand et al’s seminal work, there has been significant progress in classifying
the invasion patterns in model porous media based on e.g. the capillary number, viscosity ratio and contact
angle1-3. However, it remains unclear how this translates to multi-scale, heterogeneous pore spaces typically
found in geological reservoirs. We hypothesize that strong pore-scale variability in the viscous-capillary force
balance may yield qualitatively new behavior in such cases. This is corroborated by fluid invasion experiments
in rock samples imaged by fast micro-computed tomography. We discuss recent advances in multi-scale pore
network modelling and wettability characterization to explain and classify the observed phenomena. The
developed methods aim to establish a solid basis to explore when, where and why different fluid distributions
occur; providing a valuable starting point to improve large-scale modelling of subsurface engineering projects.
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