N

N

Inertial flow in porous media: A numerical investigation
on model structures
Mehrez Agnaou, Didier Lasseux, Azita Ahmadi-Senichault

» To cite this version:

Mehrez Agnaou, Didier Lasseux, Azita Ahmadi-Senichault. Inertial flow in porous media: A numerical
investigation on model structures. 5th International Conference on Porous Media, May 2013, Prague,
Czech Republic. 2p. hal-01190850

HAL Id: hal-01190850
https://hal.science/hal-01190850

Submitted on 1 Sep 2015

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01190850
https://hal.archives-ouvertes.fr

Science Arts & Métiers ‘J

Archive ouverte Arts Meétiers ParisTech

is an open access repository that collects the work of Arts et Métiers ParisTech
researchers and makes it freely available over the web where possible.

This is an author-deposited version published in: http://sam.ensam.eu
Handle ID: .http://hdl.handle.net/10985/9888

To cite this version :

Mehrez AGNAOU, Didier LASSEUX, Azita AHMADI - Inertial flow in porous media: A numerical
investigation on model structures - In: 5th International Conference on Porous Media, République
tchéque, 2013-05-22 - Conference on Porous Media - 2013

Any correspondence concerning this service should be sent to the repository
Administrator : archiveouverte@ensam.eu



http://sam.ensam.eu
http://hdl.handle.net/10985/9888
mailto:archiveouverte@ensam.eu

Inertial flow in porous media:
A numerical investigation on model structures

M. Agnaou, D. Lasseux, A. Ahmadi
Institute of Mechanical Engineering I2M, TREFLE department, Arts et Métiers ParisTech - Talence, 33400

Key words: porous media, numerical simulation, inertial effects, up-scaling

1 Introduction

The aim of this wortk is to study the correction to Darcy's law for inertial flow in porous media. In many
situations encountered in industrial applications such as flow in column reactors, gas flow near wells for
hydrocarbon recovery and CO» sequestration, flow in filters... , Reynolds numbers are large enough to lead
to a non-linear relationship between the filtration velocity and the pressure gradient.

In this work, a numerical analysis of the non linear -inertial- correction to Darcy's law is carried out for the
stationary inertial flow of a one-phase Newtonian incompressible fluid on model 2D and 3D structures.
Effective properties appearing in the macroscopic model resulting from the volume averaging of the mass
and momentum (Navier-Stokes) equations at the pore scale are determined using the microscopic flow
fields and solving the closure problems resulting from up-scaling. From the numerical simulations, the
dependence of the cotrection to Darcy's law on the geometrical properties of the 3D structure is studied.
These properties are the shape of the solid grains which may be cubic or spherical and the degree of
disorder in their arrangement in the domain. Weak disorder corresponds to a random placement of the
grains of identical shape and size within each cell of a regular 3D lattice, while for strong disorder, grain size
is also randomly distributed.

2 Physical model and methodology

Besides the classical Forchheimer equation based on the empirical introduction of correction coefficients
into Darcy's law, a formal theoretical derivation of a more complete model has been proposed [1].
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Figure 1: representative elementary volume of a model porous structure (cubes arranged on a cubic ordered lattice
the macroscopic scale of the porous medium

The macroscopic equations are obtained by averaging the microscopic mass and momentum (Navier-Stokes)
equations over a representative elementary volume (REV) of a pseudo-periodic medium (see figure 1 for an
example of the unit cell of a model structure) that are given by:

~* * p* * * *
—Vp, +V°v, = V< pﬁ> +Re’(v,.V)v, (1)
V.V, =0 ®
Where V; , [5; = p; —< P, >B* and <pﬁ >ﬁ* are the dimensionless velocity, pressure fluctuation and intrinsic

| - | alv(p)]
mean pressure in the B-phase while Re is the Reynolds number of the flow given byRe = —————.
Hy
The associated boundary conditions are:

v, =0 onA_ 3)
v (r+1)=v,(r) =123 4)
B +1)=p,(r) =123 )
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By volume averaging this boundary value problem the following macroscopic model is obtained in which

F. <VB> is the Forchheimer cotrection vector and K the permeability tensor of the medium:

<Vﬁ>:_#5'(v<pﬁ>ﬁ_pﬁg)_F'<VB> ©)
5

V.(VB> =0 ™)

In order to determine the two macroscopic tensors K andF, a closure problem needs to be resolved in
addition to the microscopic problem (equations (1) and (2)) to determine the microscopic tlow field as it
appears in the closure problem. This closure is given by:

-Vm +V'M +1=Rev, M’ (8)
V.M =0 ©)
(M) =H (10)
With associated boundary conditions:
M =0 onA, 11)
m@E +)=m(r) i=123 (12)
M(r+1)=M(r) i=123 (13)

It must be emphasized that this closure problem has first to be solved taking Re*=0 in order to determine
the permeability tensor that is given, in these circumstances, by <|\/|*> =K. In a second step, the solution

with a prescribed Re* provides the correction tensor F that is given by (see [2]):
p p g y

F=KH"-I (14)

The numerical procedure described above was applied to 2D and 3D disordered structures (see figure
Erreur ! Signet non défini. for a 3D weakly disordered medium used in our simulations). An example of a
result of streamlines superimposed on the pressure deviation field obtained on a 2D strongly disordered

medium for Re” =1000 and V< P >ﬁ* = cos(n/4)e, +sin(n/ 4)e, is reported in figure 3. The role of the

disorder, discussed for 2D structures in [2] can hence be extended to 3D cases. Moreover, the influence of
grain shape on macroscopic properties has been addressed.

Figure 3 : 3D weakly disordered porous medium of 75% Figure 2 : Streamlines an pressure ﬁel of fluid flow in a
porosity formed by cubic grains strongly disordered porous medium of 75% porosity
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