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Under certain simplifying assumptions, the modelamgl simulation of the incompressible
and immiscible two-phase flow of oil and water mrgus media involves the numerical solu-
tion of two different partial differential equatisnan elliptic pressure equation with a non-
isotropic and non-homogeneous (possibly discontisudiffusion coefficient (i.e. the perme-
ability field) and a non-linear hyperbolic (in thbsence of capillary and gravity effects) satu-
ration equation, representing a great challengerémlitional numerical methods such as the
Finite Element Method (FEM) or the Finite Volume tded (FVM) [1,2,3]. Commercial
codes commonly use the classical cell-centeretefuhifference (Control Volume Finite Dif-
ferences — CVFD) to discretize the diffusive terarsd the First Order Upwind Method
(FOUM) to approximate the advective terms arisingluid flow equations. Despite of its
simplicity and apparent robustness, this strateg/its drawbacks, as it is unable to provide
consistent approximations for non-orthogonal mesirefll tensor permeability fields. Be-
sides, for flows with high mobility ratios, the agntional FOUM suffers from Grid Orienta-
tion Effects (GOE) and poor shock resolution duexoessive numerical diffusion [2,3]. It is
interesting to note that, in such context, the osenesh refinement or naive higher order
methods do not alleviate the GOE, because theyraable to reduce the anisotropic numeri-
cal diffusion associated to the upwind weightingtieé advected quantity [3]. On the other
hand, several efforts have been done in orderdocesor eliminate the mesh dependence in
the numerical solution. Truly multidimensional fharder schemes were proposed in a two-
phase flow context for node-centered [4] and cefitered discretizations [5,6]. The higher-
order node centered and multidimensional schempogeal in [7] presents much better re-
sults compared to standard low order formulatidnghe present paper, in the context of an
IMplicit Pressure Explicit Saturation (IMPES) procee we combine an unorthodox Mul-
tipoint Flux Approximation Method based on a Diarddygpe stencil (MPFA-D) to discretize
the diffusive term of the pressure equation [8jwvathigher order and Truly Multidimensional
Finite Volume Method (TM-FVM) to discretize the abtive term of the saturation equation.
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In the MPFA-D method, diffusive fluxes on each aslige are explicitly expressed by two
cell-centered unknowns associated to the cellsrghénat edge, and two vertex unknowns at
the two edge endpoints. These vertex variablesreated as intermediate ones being expres-
sed as linear combinations of the neighboring cetfitered unknowns reducing the scheme to
a completely cell-centered one. The scheme is radyyst and capable of reproducing piece-
wise linear solutions exactly in any poligonal nedsy means of a linear preserving interpo-
lation with explicit weights, avoiding the solutiaf locally defined systems of equations.
Besides, The TM-FVM takes into account the floweatation to construct the numerical
fluxes, producing solutions that are less affettgdhe GOE phenomena and with much less
diffusion than the traditional and multidimensiofiest-order methods available in literature.
Furthermore, a robust and accurate Multidimensidnaditing Process (MLP) [9] is em-
ployed in order to avoid spurious oscillations theg typical of higher order methods. The
MLP presents a much better performance in captutiagontinuous flow features than the
other traditional and non-multidimensional limitef$me integration is performed by a sim-
ple Euler Explicit method. In order to verify theoposed formulation, we present results ob-
tained when solving some challenge benchmark pnudle
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