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In the present paper, we solve the steady state diffusion equation in 3D domains by means of
a cell-centred finite volume (FV) method employing a Multipoint Flux Approximation with a
Diamond (MPFA-D) stencil using, for the first time in literature, a least square conservative
weight nodal interpolation in 3D with a Non-Linear Flux Limited Splitting (NL-FLS) which
is capable of satisfying the Discrete Maximum Principle (DMP). Our formulation is based on
the M-Matrix Flux splitting that separates the MPFA flux in terms of the linear Two Point
Flux Approximation (TPFA) flux and the Cross-Diffusion Terms (CDT), but with the
addition of a strategy for detecting local loss of DMP and for computing a relaxation
parameter for the CDT providing just an acceptable amount of cross diffusion to eliminate the
DMP violation. Our scheme eliminates non-physical spurious oscillations intrinsic to linear
MPFA schemes by bringing the flux approximation closer to the TPFA in these regions.
Moreover, to ensure that our formulation is truly cell-centred, we use a linearity-preserving
(LP) robust weighted Global Least Square (GLS) interpolation. Our resulting framework is
locally conservative and capable of dealing with arbitrary anisotropic diffusion tensors and
unstructured meshes, producing solutions that satisfy the DMP, achieving second order
accuracy for the scalar variable in smooth fields and first order accuracy for fluxes. To assess
the accuracy and robustness of our formulation, we solve some challenging benchmark
problems and the results are compared to other linear formulations.
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