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Flow of Liquid Through a Stagnant Foam in a Model
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Foam is a promising means of increasing carbon storage in CO2 sequestration projects and waste isolation and
removal in soil remediation, and a proven tool for enhanced oil recovery. Many of these applications involve
fractured geological formations. Li et al. (2021a) studied inter-bubble diffusion and coarsening in foam in two
glass model fractures. The bubbles were larger than the gap between fracture walls, so that only one sheet of
bubbles occupied the model. As part of that study, they showed how one can determine water saturation and
capillary pressure in the model fracture from analysis of visual images of the foam, specifically the location
of wetting liquid along the uneven aperture in the model fracture (Li et al., 2021b). This approach would not
be possible in a conventional microfluidic device with uniform depth of etching. Their approach depends on
an assumption that capillary pressure is uniform within the region of an image, which was (0.8 cm)^2 and (2
cm)^2 for the two model fractures.
We describe a model for the flow of water through the Plateau borders of the foam in these experiments along
the top and bottom fracture surfaces. The width of the Plateau borders is determined by capillary pressure, as
determined by Li et al. Numerical solution for velocity and flow rate through the Plateau borders then allows
flow rate along each to be determined as a function of capillary pressure and pressure gradient. A numerical
model then solves for flow through the network of Plateau borders along the fracture wall. We allow for
either no-slip or zero-shear-stress boundary conditions at the water-gas interface, reflecting the two extremes
of foaming surfactant behavior.
Our results show that water redistributes itself to equalize capillary pressure across the image area in the
order of tens of seconds. Thus the assumption of Li et al. (2021b) is justified. The relative permeability of
water through the Plateau borders in a trapped foam in these model fractures lies between 1E-04 and 1E-07,
depending on capillary pressure and bubble size. This method could also be applied to determine the relative
permeability of water in trapped foam from images of the foam in conventional microfluidic devices, if one
can measure or infer capillary pressure within the device.
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