Scaling Law for Complete Jamming of a Filter Grid: 1+1 dimensional problem*
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Understanding how grids impede or facilitate the flow of particles is an essential ingredient of research in filtration and circulation. Recent work has focused on processes such as saturation of available space as a critical phenomenon. Experiments and models have been developed to describe saturation processes on surfaces involving particulate matter as a jamming transition. We report a simple model to describe the time dependent clogging of a linear array of passable slits from the fully open to the saturated or clogged state. The results show slit blockage starting at the slit edges, gradually progressing through growth of overhangs on the slits and the eventual formation of bridges and cakes that completely block the slits. We show that the road to saturation of all slits in the model is characterized by a non-universal scaling law. The exponent depends on the properties of the filter and the filtrate. Our model is able to reproduce many of the observed behavior in problems of filtration and circulation and suggest that by making the slits somewhat sticky, one may be able to produce effective filtration across larger times.
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