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ABSTRACT:  A nonlinear Volterra partial integrodifferential equation (VPIDE), derived using hybrid mixture theory and used to model swelling porous materials, is analyzed and solved numerically. The model application is an immersed porous material imbibing fluid through a cylinder's exterior boundary. A poignant example comes from the pharmaceutical industry and controlled release, drug-delivery systems which are comprised of materials that permit nearly constant drug concentration profiles.

Analysis of the VPIDE includes an existence and uniqueness proof which is established under a given set of assumptions for the initial-boundary value problem. In order to solve the VPIDE we derive a novel approach to constructing pseudospectral differentiation matrices in a polar geometry for computing the spatial derivatives. By construction, the norms of these matrices grow at the optimal rate of Ο(N2), for N-by-N matrices, versus Ο(N4) for conventional pseudospectral methods. This smaller norm offers an advantage over standard pseudospectral methods when solving time-dependent problems that require higher-resolution grids and, potentially, larger differentiation matrices. After we show how to set up the equation and numerically solve it using this method, we show and interpret results for a variety of diffusion coefficients, permeability models, and parameters in order to study the model's behavior.
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