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Introduction

Modeling the exchange processes at the interface between a free gas flow and a flow in a porous medium
appears in a wide range of applications. Our main purpose is to study the mass and energy exchanges within
deep geological radioactive waste disposal occurring at the interface between the geological formation with low
permeable porous medium and the ventilated excavated galleries. This work is performed in collaboration with
Andra, the french national radioactive waste management agency and the detailed results are presented in [1].

1 Formulation of the coupled model
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Figure 1: Computational domain

The coupled model is presented in [2, 3]. The computational domain shown in Figure 1 is split into two parts:
the porous medium and the free-flow subdomains. The porous medium submodel is governed by a nonisothermal
two-phase liquid gas Darcy flow with water and air components. The water component can vaporize and the air
can dissolve in the liquid phase. The free-flow submodel considers that only the gas phase is present assuming
that the liquid phase vaporizes instantaneously at the interface. It is governed by a nonisothermal RANS flow
coupled with the convection diffusion of the water and air components. The turbulent diffusivity and thermal
conductivity play a major role in the mass and energy exchanges at the interface. The free-flow is assumed
stationary at the time scale of the porous medium considered in the simulations. Both systems are coupled at
the interface between the porous medium and the free-flow domain by transmission conditions given in [2, 4]
which state in particular the continuity of the gas molar fractions, of the temperature, of the molar flow rates, of
the energy flow rate as well as the liquid gas thermodynamical equilibrium. The energy exchanges play a major
role in the model due to the radioactive wastes acting as heat sources and to the latent heat of vaporization.

2 Domain decomposition algorithm

The coupled model is integrated in time using an Euler implicit scheme, which leads to solve at each time
step a fully coupled nonlinear system. The solutions of these nonlinear systems are obtained by a domain
decomposition algorithm solving iteratively the three following submodels:

1. the nonisothermal compositional liquid gas Darcy flow in the porous-medium domain using at the interface
Robin boundary conditions as well as a Dirichlet boundary condition for the gas pressure,

2. the RANS flow equations for the velocity and for the pressure in the free-flow domain with a Dirichlet
boundary condition for the velocity at the interface,

3. the convection diffusion equations in the free-flow domain for the gas molar fractions and the temperature
with Robin boundary conditions at the interface.

This domain decomposition algorithm is iterated until convergence of the transmission conditions to a prescribed
relative accuracy.



3 Computation of the Robin coefficients

The choice of the Robin coefficients used for the porous-medium model and for the free-flow transport problem is
essential to obtain a robust and efficient convergence of the domain decomposition algorithm. The computation
of the Robin coefficients for each subproblem is based on a diagonal low frequency approximation of the Dirichlet
to Neumann operator related to a simplified model in the neighbouring subdomain.

The Robin coefficients used for the porous-medium problem are computed from the uncoupled free flow
and related to the convective molar and energy transfer coefficients. They depend crutially on the turbulent
boundary layers in the free-flow domain and take into account the coupling between the molar fractions and the
temperature in the free-flow boundary layer. These Robin coefficients are constant in time and vary in space
according to the shape of the turbulent boundary layer along the interface.

The Robin coefficients used for the transport problem are obtained from an order 0 Taylor approximation [5]
of the Dirichlet to Neumann operator related to a linearized Richards equation in the porous medium domain
with freezed coefficients at the interface. These Robin coefficients take into account the time step variations
and the drop of the evaporation rate at the interface induced by the liquid desaturation.

4 Numerical experiment

Following [6], a Cartesian grid uniform in the x direction and refined at both sides of the interface Γ is used.
A finite volume scheme with two-point flux approximation is considered to discretize the Darcy model and the
free-flow convection diffusion equations. A MAC scheme is used to discretize the RANS flow. The transmission
conditions are discretized using face unknowns at the interface.
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Figure 2: Temperature in Kelvin in the porous-medium and free-flow domains.

Figure 2 exhibit at different times the temperature in the porous-medium and free-flow domains where the
effect of the radioactive waste heat sources can be clearly noticed.

References

[1] N. Birgle and R. Masson and L. Trenty A domain decomposition method to couple nonisothermal compositional gas
liquid Darcy and free gas flows. Working paper or preprint, (2017).

[2] K. Mosthaf and K. Baber and B. Flemisch and R. Helmig and A. Leijnse and I. Rybak and B. Wohlmuth. A cou-
pling concept for two-phase compositional porous-medium and single-phase compositional free flow. Water Resources
Research, 47, (2011).

[3] K. Baber and K. Mosthaf and B. Flemisch and R. Helmig and S. Müthing and B. Wohlmuth. Numerical scheme for
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