XVIII International Conference on Water Resources
CMWR 2010

J. Carrera (Ed)

CIMNE, Barcelona 2010

DISCONTINUOUS GALERKIN APPROXIMATION OF TWO-PHASE
FLOWS IN HETEROGENEOUS POROUS MEDIA WITH
DISCONTINUOUS CAPILLARY PRESSURES

Alexandre Ernl, Igor Mozolevski2 and Luciane Schuh3

(1) Université Paris-Est, CERMICS, Ecole des Ponts,6 et 8
Av. B. Pascal, 77455 Marne-la-Vallée cedex 2, France
e-mail: ern@cermics.enpc.fr

(2) Departamento de Matematica, Universidade Federal de Santa Catarina,
88040-900, Florianopolis-SC, Brasil

(3) IME, Universidade de Sao Paulo, Rua do Matao, 1010,
Cidade Universitaria, 05508-090, Sao Paulo, SP, Brasil

Summary. The equations governing two-phase immiscible incompressible flows in porous
media generally consist of an elliptic Darcy-type equation for the pressure and a nonlinear
degenerate parabolic equation with a nonlinear advective term for the saturation. In
heterogeneous porous media with discontinuous capillary pressures, the interface conditions
are nonlinear and can lead to a nonzero jump at the interface for the pressure and the
saturation [1]. In this work, we design and investigate a sequential discontinuous Galerkin
(dG) method to approximate the above equations. The interface conditions are enforced
weakly through an adequate design of the penalties on interelement jumps of the pressure and
the saturation. An accurate reconstruction of the total velocity is considered in the Raviart--
Thomas(-Nédélec) finite element spaces [2], together with diffusivity-dependent weighted
averages to cope with degeneracies in the saturation equation and with media heterogeneities
[3]. The proposed method is assessed on one-dimensional test cases exhibiting rough
solutions, degeneracies, and capillary barriers. Stable and accurate solutions are obtained
without limiters.More details can be found in [4].

Bibliography.
[1] G. Enchéry, R. Eymard, and A. Michel. Numerical approximation of a two-phase flow problem in a porous
medium with discontinuous capillary forces. SIAM J. Numer. Anal., 43(6):2402--2422, 2006.
[2] A.Ern, S.Nicaise, and M.Vohralik. An accurate H(div) flux reconstruction for discontinuous Galerkin
approximations of elliptic problems. C. R. Math. Acad. Sci. Paris, 345(12):709--712, 2007.
[3] A. Ern, A. F. Stephansen, and P. Zunino. A discontinuous Galerkin method with weighted averages for
advection-diffusion equations with locally small and anisotropic diffusivity. IMA J. Numer. Anal., 29(2),
235-256 (2009).
[4] A. Ermn, I. Mozolevski and L. Schuh. Discontinuous Galerkin approximation of two-phase flows in
heterogeneous porous media with discontinuous capillary pressures, Comp. Meth. Appl. Mech. Eng.,
199(23-24), 1491--1501 (2010).



