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Recently, a new approach for simulating buoyant two-phase flow and transport in porous media, which is
based on a coupled hyperbolic system, was proposed. This new scheme incorporates Darcy’s law by adding a
source term to the isothermal Euler equations plus an extra equation for phase transport. The system allows
for explicit computations and is solved in its hyperbolic form with a characteristics based Riemann solver.
Thus, since all required operations are local, for many problems this method has significant advantages over
previous ones in terms of computational cost and parallelizability.

Here, this approach is generalized for heterogeneous porous media, which has implications for the numerical
solution algorithm. In particular, it is crucial that the source terms are considered by the Riemann solver, oth-
erwise the results get contaminated by numerical errors. To achieve this, a new Rankine-Hugoniot-Riemann
(RHR) solver is devised. It accounts for the source terms by introducing consistent Rankine-Hugoniot jumps
in each finite volume cell (separately in all coordinate directions) while still honoring conservation.

Numerical results confirm that the new RHR solver is effective and that the explicit hyperbolic solution ap-
proach to coupled buoyant flow and transport in heterogeneous porous media is computationally efficient
and leads to accurate results.
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