Accepted Manuscript

Coupling compositional liquid gas Darcy and free gas flows at porous and free-flow

domains interface

R. Masson, L. Trenty, Y. Zhang

PII:
DOI:
Reference:

To appear in:

Received date:

Revised date:

Accepted date:

S0021-9991(16)30228-5
http://dx.doi.org/10.1016/].jcp.2016.06.003
YJCPH 6664

Journal of Computational Physics

5 December 2015
16 April 2016
3 June 2016

Journal of
Computational
Physics

Please cite this article in press as: R. Masson et al., Coupling compositional liquid gas Darcy and free gas flows at porous and free-flow

domains interface, J. Comput. Phys. (2016), http://dx.doi.org/10.1016/].jcp.2016.06.003

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing
this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is
published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.jcp.2016.06.003

Coupling compositional liquid gas Darcy and free gas flows at
porous and free-flow domains interface

R. Masson®!* L. Trentyb*', Y. Zhang""1

“LJAD, University Nice Sophia Antipolis, CNRS UMR 7351, and team COFFEE INRIA Sophia Antipolis Méditerranée,
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Abstract

This paper proposes an efficient splitting algorithm to solve coupled liquid gas Darcy and free
gas flows at the interface between a porous medium and a free-flow domain. This model is
compared to the reduced model introduced in [6] using a 1D approximation of the gas free
flow. For that purpose, the gas molar fraction diffusive flux at the interface in the free-flow
domain is approximated by a two point flux approximation based on a low-frequency diagonal
approximation of a Steklov-Poincaré type operator. The splitting algorithm and the reduced
model are applied in particular to the modelling of the mass exchanges at the interface between
the storage and the ventilation galleries in radioactive waste deposits.

Keywords: Coupling Darcy and free flows, reduced model, drying model, liquid gas Darcy
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1. Introduction

Flow and transport processes in domains composed of a porous medium and an adjacent
free-flow region appear in a wide range of applications. It includes for example, industrial dry-
ing applications such as the production of building materials, food processing, and wood and
paper production, or also, environmental applications such as land-atmospheric interaction and
soil evaporation and evapotranspiration. In this article we will focus on the design of efficient
algorithms to simulate the mass exchanges at the interface between the porous and free-flow
regions, assuming a fixed temperature in the porous and free-flow domains. The effect of the
vaporization on the temperature is neglected and will be considered in a future work. Typically
in drying processes, the porous medium initially saturated with the liquid phase is dried by suc-
tion in the neighbourhood of the interface between the porous and free-flow domains. The gas
phase penetrates the porous domain and the liquid phase is vaporized in the free-flow domain.
In this work, our focus is not only on the drying of the porous medium but also on the evolution
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