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Comparison of the Fourier-Legendre spectral element method and the finite difference method on the numer
diffusion in polar coordinate
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For solving the Navier-Stokes equations in polar coordinates,a Fourier-Legendre spectral element method (SEM) with Gauss-Radau quadrature points in th
radical direction for the element involving the origin r=0 is proposed to avoid the coordinate singularity 1/r.The time-splitting method is employed in the
temporal discretization.A numerical isotope model is applied to track the isotope transport and therefore to evaluate the accuracy of numerical simulation.T
isotope equation is solved by both the SEM and a finite-difference method (FDM) with an upwind difference scheme in the flows driven by a steady and an
accelerated crucible rotations.The results demonstrate that a severe false numerical diffusion appears in FDM with the first-order upwind difference scheme.
accuracy of the second-order upwind scheme is higher than that of the first-order upwind scheme,and a dense mesh is helpful to alleviate the false diffusion
effectively.However,the SEM exhibits an obvious advantage to achieve the high accuracy solution with even relative fewer nodes.
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