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Abstract
In this work we introduce a novel technique to develop a second-order upwind-stabilized compact difference scheme for the numerical solution of coupled systems of singularly perturbed reaction-convection-diffusion equations. First, with a subtle treatment of the diffusion terms, we devise a second-order exponential difference scheme which possesses the upwinding character for 1-D coupled systems. Based on the alternating direction technique, we then generalize the exponential difference scheme on a five-point compact stencil for 2-D problems. Several numerical examples, including the coupled viscous Burgers' equations, are given to illustrate the effectiveness of the proposed exponential compact scheme on uniform and piecewise-uniform Shishkin meshes. We find that the proposed exponential compact scheme can achieve accurate results with a high stability so that the high gradients near the regions of boundary or interior layer, which may occur when one of the diffusion coefficients is relatively small enough to the size of the corresponding convection coefficient, can be efficiently resolved without refining the mesh. This is joint work with Po-Wen Hsieh, Yintzer Shih and Cheng-Shu You.
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