Second order deviation of absolute permeability due to unresolved
morphological features at the pore scale

InterPore2022, Abu Dhabi d\.\a y_;!

Sarah Perez ', Francisco J. Valdés-Parada 2, Didier Lasseux 2, Philippe Poncet

TLab. Mathematics and their Applications, UMR CNRS 5142
University Pau & Pays Adour, France

2Division de Ciencias Basicas e Ingenieria,
Universidad Auténoma Metropolitana-lztapalapa, Mexico

S12M, UMR 5295, CNRS, Univ. Bordeaux, France

n ) /( \
=UlEE @ ED (@ interPore2022



Summary

Permeability uncertainty up
to second order deviation

Table of contents: S. Perez, F. J.

Valdés-Parada, D. Lasseux,
P. Poncet

Uncertainties arising from micro-tomography

X-ray CT uncertainties

Slip flows and permeability deviation Slip flows and permeability

deviation
First order linear deviation
First order linear deviation Second order deviation
Asymptotic development e
Applications on 3D geometries

Second order deviation relevance

Concluding remarks and prospects

LMAP Pau (FR), UMR CNRS 5142,
11 E2S-UPPA



SANDPACK
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...to slip length formalism in Stokes problem

One-phase flow of Newtonian fluid in an impermeable rock matrix

Permeability uncertainty up
to second order deviation

I Relation between these features uncertainties and slip condition S. Perez, F.J.
Valdés-Parada, D. Lasseux,
P. Poncet

I |sotropic permeability case : K = | with scalar

on the 3  Slip flows and permeability

Q
I Quantify the impact of slip length
F upscaled absolute permeability : deviation
X = <u =g =<f > (1)
B
where =< " > isthe macro-porosity
‘ and u the pore-scale velocity
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...to slip length formalism in Stokes problem

One-phase flow of Newtonian fluid in an impermeable rock matrix

= = - i Permeability uncertainty up
One has <u 8>F < f > where (u ;p ) solution of the Stokes problem 1o socond brdor deviation
% u+ rp =f n F’ S. Perez, F. J.
— H . Valdés-Parada, D. Lasseux,
r u=0 in F ’ (2) P. Poncet
= u TD(u)n =0 on ;
- u and p periodic on F= @ \ @F X-ray  CT uncertainties
ith 4 Slip flows and permeability
Wi deviation
I n the unit inward normal field at First order linear deviation
T =1 n nthe projector on tangential components, ooond orerdevaton

1
I D(u) =(ru+ ru”)=2
I B.C.imply u n = 0 no-slip-through on

Two strategies: full deviation with interface B.C.

or higher-order deviations with +0O( 3)

Y. Achdou, O. Pironneau, F. Valentin, Effective boundary conditions for laminar flows over periodic rough
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First order linear deviation

Asymptotic expansion with = o+ Lo+ O( 2) with

Look for formal developmentof u andp w.r.t
u =U%+ U+ % and p =P°+ P+ ?q

The profiles (U%; P°%) and (U*; P') respectively satisfy :

U+ rP°=f inF; U'+rP'=0 inF;
r U=0 inF; r Uut=0 inF; s
ul=o0 on ; Ul =TDUYn on ;

I Compute directly the linear deviation

lo= <U'>p=<f=> and o= <U’>=<f>

I Non-homogeneous Dirichlet B.C. on U* for linear deviation (prescribed slip velocity)

I First order uncertainty interval [ o; o+ Lo]

Permeability uncertainty up
to second order deviation

S. Perez, F. J.
Valdés-Parada, D. Lasseux,
P. Poncet

X-ray CT uncertainties

Slip flows and permeability
deviation
First order linear deviation

Asymptotic development

Second order deviation
relevance

LMAP Pau (FR), UMR CNRS 5142,
E2S-UPPA



Non representative samples

Bentheimer (256°) with large pore structure and voxel size h = 2:2 m
& Cylindrical pore of radius R in domain of length L
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6 Applications on 3D geometries
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Analytical solution for the Stokes flow in a cylindrical pore:
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