
HAL Id: hal-01512650
https://hal.science/hal-01512650v1

Submitted on 24 Apr 2017

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Corrigendum to ”Homogenisation of advective-diffusive
transport in poroelastic media” [Mech. Res. Commun.

37 (2010) 133-136]
Pascale Royer, Fabien Cherblanc

To cite this version:
Pascale Royer, Fabien Cherblanc. Corrigendum to ”Homogenisation of advective-diffusive transport in
poroelastic media” [Mech. Res. Commun. 37 (2010) 133-136]. Mechanics Research Communications,
2016, 73, pp.145-147. �10.1016/j.mechrescom.2016.02.016�. �hal-01512650�

https://hal.science/hal-01512650v1
https://hal.archives-ouvertes.fr


C

C
p

P
L

T
C
w
v
m

1

g
m

⎧⎪⎪⎪⎨
⎪⎪⎪⎩
w

q

T

(

C
b

orrigendum

orrigendum to “Homogenisation of advective–diffusive transport in
oroelastic media” [Mech. Res. Commun. 37 (2010) 133–136]

. Royer ∗, F. Cherblanc
aboratoire de Mécanique et Génie Civil (LMGC) – CNRS, Université de Montpellier, 163 rue Auguste Broussonnet, CC048, 34090 Montpellier, France

he paper entitled “Homogenisation of advective–diffusive transport in poroelastic media”, published in Mechanics Research 
ommunication, Vol. 37, pp. 133–136, contains unfortunately an error in the pore scale description of solute transport. Eq. (11), 
hich expresses the no-mass flux condition over the solid/fluid boundary should include the convection term. This latter does not 

anish as a result of solid deformation. This is corrected hereby. A slight modification of the macroscopic coupling term of 

echanically induced solute transport is obtained.

identical to that obtained for a rigid porous medium, which leads
. Introduction

At the pore scale, i.e. within the periodic cell, the equations that
overn solute transport by convection and diffusion in a deforming
edium are the following:

∂c

∂t
− ∇ · �q = 0 within ˝f, (1)

�q · �n = 0 over �, (2)

�vf = ∂�us

∂t
over �, (3)

here the flux �q is given by

� = −D �∇c + c�vf. (4)

herefore, Eq. (2) yields

D �∇c − c�vf) · �n = 0 over �. (5)

onsequently, Eq. (11) in the original paper [1] should be replaced
y Eq. (5).
2. Homogenisation of the transport equations

The dimensionless local scale description to be homogenised is
therefore the following:

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

∂c

∂t
− ∇ ·

(
D �∇c − c�vf

)
= 0 within ˝f, (6)

(D �∇c − c�vf) · �n = 0 over �, (7)

�vf = ∂�us

∂t
over �. (8)

Let us now analyse the boundary-value problems that arise at the
successive orders of ε, once the asymptotic expansions for c, �vf and
�us and the expression of the dimensionless gradient operator (Eq.
(2) in the original paper) have been incorporated.

2.1. Determination of c(0)

The boundary-value problem for c(0) is unmodified. It remains
to:

c(0) = c(0)(�x, t). (9)
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.2. Determination of c(1)

Noticing that1

∂v(0)
fi

∂yi

= 0, (10)

e get the following boundary-value problem for c(1):

∂
∂yi

[
D

(
∂c(1)

∂yi

+ ∂c(0)

∂xi

)]
= 0 within ˝f, (11)[

D

(
∂c(1)

∂yi

+ ∂c(0)

∂xi

)]
ni

−
(

c(0)
∂u(0)

si

∂t

)
ni = 0 over �. (12)

he solution c(1) depends on two forcing terms: �∇xc(0)(�x, t) and2

(0)(∂u(0)
si

/∂t)(�x, t). By virtue of linearity, the solution for c(1) is a
inear combination of both:

(1) = �j(�y)
∂c(0)

∂xj

− �j(�y)c(0)
∂u0

sj

∂t
+ c̄(1)(�x, t), (13)

here c̄(1) is an arbitrary function. The definition of �� which is given
y Eqs. (21) in the original paper remains valid, while the vector ��

s defined by the following local problem:

∇y · (D(∇y ��)) = �0 in ˝f,(
D∇y ��

)
· �n = �0 on �,

〈 ��〉f = �0,

�� : ˝-periodic.

(14)

.3. Derivation of the first-order macroscopic description

At the third order, the transport equations lead to the following
ystem:

∂c(0)

∂t
− ∇y ·

(
D(∇yc(2) + ∇xc(1))

)
+∇y ·

(
c(0)�v(1)

f + c(1)�v(0)
f

)
−∇x ·

(
D(∇yc(1) + ∇xc(0)

)
+∇x ·

(
c(0)�v(0)

f

)
= 0 within ˝f, (15)[

D
(∇yc(2) + ∇xc(1)

)]
· �n

−
[

c(0)�v(1)
f + c(1)�v(0)

f

]
· �n = 0 over �. (16)

he first-order macroscopic description is obtained by integrating
he balance equation (Eq. (15)) over the periodic cell:

∂c(0)

∂t
− 1

| ˝ |

∫
˝f

∂
∂yi

[
D

(
∂c(2)

∂yi

+ ∂c(1)

∂xi

)
− c(0)v(1)

fi
− c(1)v(0)

fi

]
1
∫

∂
[ (

∂c(1) ∂c(0)
) ]
d˝ − | ˝ |
˝f

∂xi

D
∂yi

+
∂xi

− c(0)v0
fi

d˝ = 0,

(17)

1 First-order expansion of the fluid continuity equation: �∇ · �vf = 0.
2 It has been shown earlier that �u(0)

si
= �u(0)

si
(�x, t).
where

� = | ˝f |
| ˝ | (18)

denotes the porosity. Using Gauss’ theorem and boundary-
condition (Eq. (16)), while keeping in mind the condition of
periodicity, the second term of (Eq. (17)) vanishes and it thus
reduces to:

�
∂c(0)

∂t
− ∂

∂xi

[〈
D

(
∂c(1)

∂yi

+ ∂c(0)

∂xi

)〉f
]

+ ∂
∂xi

[
c(0)〈v(0)

fi
〉f
]

= 0.

(19)

Using the expression obtained for c(1) (Eq. (13)), we deduce that:〈
D

(
∂c(1)

∂yi

+ ∂c(0)

∂xi

)〉f

= Deff
ij

∂c(0)

∂xj

−
〈

D
∂�j

∂yi

〉f

c(0)
∂u0

sj

∂t
, (20)

where Deff represents the effective tensor of diffusion, and is
defined by

Deff = �DT, (21)

with

T = 1
| ˝f |

∫
˝f

(∇y �� + I
)

d˝, (22)

where T denotes the tortuosity tensor.
Eq. (19) now reads:

�
∂c(0)

∂t
− ∂

∂xi

(
Deff

ij

∂c(0)

∂xj

)
+ ∂

∂xi

(c(0)〈v(0)
fi

〉f)

= − ∂
∂xi

[〈
D

∂�j

∂yi

〉f

c0
∂u0

sj

∂t

]
. (23)

Noticing that the macroscopic relative fluid velocity 3is:

〈v(0)
fi

〉f − �
∂u(0)

si

∂t
,

Eq. (23) can be rewritten as follows:

�
∂c(0)

∂t︸ ︷︷ ︸
accumulation term

− ∇x ·
(

Deff∇xc(0)
)︸ ︷︷ ︸

effective diffusion

+
(

〈�v(0)
f 〉f − �

∂�u(0)
s

∂t

)
· ∇xc(0)

︸ ︷︷ ︸
advection

+ A∇x ·
(

c(0) ∂�u(0)
s

∂t

)
︸ ︷︷ ︸

mechanically induced solute transport

= 0, (24)

where

A = 〈D∇y �� + I〉f. (25)

Tensor A characterises a coupling between transport and deforma-
tion mechanisms, which is induced by the fluid convection.

3. Properties of the coupling tensor A

By definition, the variational formulation of the boundary-value
problem (Eqs. (11) and (12)) reads:∫

˛
∂
[

D

(
∂c(1)

+ ∂c(0)
)]

d˝ = 0, (26)

˝f

∂yi ∂yi ∂xi

3 See the macroscopic poroelastic model in the original paper.
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˝f

∂˛

∂yi

D
∂c(1)

∂yi

d˝ = −
∫

˝f

∂˛

∂yi

D
∂c(0)

∂xi

d˝

+
∫

˝f

∂˛

∂yi

c(0)
∂u(0)

si

∂t
d˝. (27)

y taking

c(1) = �j,
∂c(0)

∂xi

= Iij, (28)

˛ = �j, c(0)
∂u(0)

si

∂t
= 0, (29)

nto Eq. (27), we get:

˝f

∂�j

∂yi

D
∂�j

∂yi

d˝ = −
∫

˝f

D
∂�j

∂yi

d˝. (30)

ow, by considering

c(1) = �j, c(0)
∂u(0)

si

∂t
= −Iij, (31)

˛ = �j,
∂c(0)

∂xi

= 0, (32)

nto Eq. (27), we obtain:∫

˝f

∂�j

∂yi

D
∂�j

∂yi

d˝ = −
˝f

∂�j

∂yi

d˝. (33)

rom Eqs. (30) and (33), we deduce:
∫
˝f

D
∂�j

∂yi

d˝ =
∫

˝f

∂�j

∂yi

d˝. (34)

Consequently, we have:

A = 〈D∇y �� + I〉f = 〈∇y �� + I〉f = �T, (35)

where T is the tensor of tortuosity, defined by (Eq. (22)).

4. Conclusion

The macroscopic transport equation is written as:

�
∂c

∂t
+ �
( �Vf − �Vs

)
· ∇c + �T∇ ·

(
c �Vs
)

= ∇ ·
(

Deff∇c
)

,

where �Vf and �Vs denote the fluid and solid intrinsic macroscopic
velocities, respectively. Therefore, the only difference with the
original paper is that the coupling term emerging from the scale
transition is �T∇ · (c �Vs) instead of � �Vs · T ∇c. All the other conclu-
sions mentioned in the original paper remain valid.
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