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1. Introduction

Columns equipped with structured packings are commonly used in a variety of chemical engineering

applications, such as distillation or absorption processes. However, modeling transport phenomena in

such systems, including two-phase flow, remains a modern challenge. Here, we study the gas-liquid

counter-current flow inside structured packings made of corrugated sheets oriented at two different an-

gles. Momentum transport is often modeled using variants of Darcy’s law [3, 4], or one-dimensional

Eulerian two-fluid models [1], where the effective parameters are determined via empirical or numerical

analysis. However, the complexity of the physics at the pore-scale makes the up-scaling analysis a par-

ticularly difficult problem. For instance, the dual structure at the pore-scale generates two preferential

directions along the corrugated sheets, with an exchange of mass and momentum at contact points and

strong liquid-gas interactions. In order to model the radial spreading due to the two preferential flow di-

rections, multiple approaches have been suggested, including one-dimensional models that involve source

terms capturing the radial spreading of the liquid phase [1]. Another proposition uses a decomposition

of the fluid into two fictive phases, each one flowing along the adjacent sheets [2, 5]. This model includes

additional terms to further capture mass exchange between the two films at contact points, reflecting

the effects of the local geometry and capillary forces.

There are, however, still fundamental issues with these approaches. In particular, the exact amount

of liquid that is exchanged at the contact points is unknown, making it difficult to develop constitutive

laws. Soulaine et al. [5] introduced regional capillary pressures for the two pseudo-phases and assumed

that the mass exchange rate is a function of the difference of the averaged pressure fields. In this study,

we use a similar approach to that taken in Soulaine et al. and show that depending on the constitutive

law that is chosen for the dependence of the saturation on the capillary pressures, a variety of flow

regimes, ranging from liquid branching to almost 1D homogeneous flows, can be obtained. We also

show that these singular regimes lead to different liquid dispersion and have a strong impact on the

global retention in the column.

Another fundamental issue is the modelling of the gas-liquid coupling resulting from the interface

shear stress. This interaction notably contributes to the liquid retention in the column, as well as to

a higher gas pressure drop [6]. A few models [1, 2] account for these coupling effects using empirical

closures for the shear-stress. In this work, we consider the form of the macro-scale laws emerging from

an up-scaling analysis of a two-phase flow in porous media. Those models consist in Darcy-generalised

equations with additional coupling terms reflecting the viscous interaction [7]. We then consider a

system composed of three macro-scale momentum equations, that involve interaction terms to account

for the liquid-gas coupling. The system of equations is solved at the macro-scale using the IMPES

algorithm, which consists in a sequential resolution of the pressure and saturation equations. The

effective parameters – namely, the intrinsic and coupling permeabilities – are estimated by calculating
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analytically the velocity fields of a liquid film sheared by a gas phase in a circular channel. We show

that the system of coupled laws provides a more accurate representation of the process than a system

composed of classical Darcy’s laws. In particular, the increase of liquid retention prior flooding, is

properly captured by the model (see Fig 1).
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Figure 1: Liquid retention in the column as a function of the counter-current gas pressure drop - the coupled model permits

to capture the increase of liquid retention in the column due to gas shear-stress
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