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Dissolution and swelling in porous media
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Transport in porous materials is a problem of relevance for several real-life applications such as disintegration
of pharmaceutical tablets [1], groundwater contamination [2], and oil extraction [3]. In several cases the fluid
changes the medium, and these changes are expected to feedback into the fluid flow. Examples of these
changes are: i) erosion; ii) swelling; and iii) dissolution of solute. In a previous work, we focused on studying
the dynamics of a porous medium that swells and erodes and showed that swelling can greatly impact the
erosion of a porous medium [4]. Here, we study the competition between swelling and dissolution. We
consider a porous medium composed of compacted non-overlapping spheres of size dispersion 5%. We use
the Lattice-Boltzmann Method to resolve the fluid flow coupled to an advection-diffusion equation for the
solute, to obtain the velocity field and solute concentration. The fluid flows due to an imposed pressure drop.
On the surface of each sphere there is a flux of solute that depends on the solute concentration gradient and
on the solid dissolution mass transfer coefficient [5]. The implementation of the sphere swelling is based on
the discretization of an empirical law [6] consisting of an exponential increase of the sphere volume. Swelling
has two competing effects on the solute transport: i) swelling decreases the average velocity of the fluid
which causes a decrease on the solute throughput; and ii) swelling causes an increase in the surface area of
the porous medium which in turn enhances solute dissolution. We investigate the impact of this competition
on the extracted solute over time and determine an empirical equation that describes the extracted solute
concentration.
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