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Convective drying of highly porous materials (e.g. gel aggregates) is challenging due to the capillary stress in the solid matrix, caused by the moving liquid-gas interface. The process typically leads to undesired mechanical deformation and/or damage of the material.

We have developed a computational tool for the 3D simulation of fluid flow and evaporation in highly porous particle aggregates during convective drying. Assuming a scale separation in time (evaporation rate much lower than flow rate in both liquid and gas phases), we employ a quasi-static approach, where both the vapor diffusion in the gas phase and the liquid flow follow a succession of equilibrium states.

The drying simulation yields liquid distributions over time, from which moisture profiles are computed. We compare these simulation results to experimental measurements obtained from X-ray microtomography imaging of loose packings of sintered glass beads during convective drying, and we find them in relatively good qualitative agreement.
Our drying model is currently being extended to include motion in the solid particle network, driven by capillary forces computed from the liquid distribution. From this multiphysics simulation, we expect to gain insight into the micromechanical phenomena in highly porous materials during convective drying.
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