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The aim:

« To estimate flow properties on large scale, e.g. permeability,
electrical conductivity, response to stresses and sound,
relative permeabilities, etc.

 These properties depend sensitively on the pore structure (and
later on inhomogeneity on larger scales)

« Therefore, we need good modelling of the pore structure and
relating it to macroscopic behaviour for predictive science
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The questions:

How best to describe disordered structures of porous media?
How to characterize the structural statistics?

How to extract relevant networks to compute mesoscopic
properties?

How to compute macroscopic properties (upscaling)?

How to relate transport and mechanical properties to the
structure (structure-property relations) and to one another
(property-property relations)?

How to compare characteristics of different porous materials



Reqguirements of models structures of porous media

‘Description’ - in principle, material/void voxel data constitute a
description. But

a) Is impractical for computational purposes (data size);
b) gives no insight about structural characteristics:
patterns, connectivity, shapes of pores, etc.

‘Characterization’ - relations between material (or void) voxels
c) the description has to be ;
d) it has to be (i.e. applicable to a range of
structures);,
e) it needs to be useful for modeling a wide range of
properties and behaviors of porous materials (i.e.

).

We have developed a method that satisfies all these criteria.



The method

Obtain data: (i) extraction; (ii) generation
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Produce representative skeleton

For granular systems: construct the contact skeletal network

grain surface

contact
points

representati
ve

polyhedron




Example: 3d packing of spheres
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Transformation to polyhedra



For ‘bicontinuous’ porous media: (i) skeletonize the solid phase

_ (i) construct a tetrahedral
representation NP — .
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Useful for our structural characterization



Data
Extraction/generation
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Skeletonization,
Tetrahedral network

Programme
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Structure characterization
tessellation, fabric tensor

]

Identification of degrees
of freedom

Identification of a volume
function




Tessellation:partition of the volume occupied by a structure
Into volume elements

a) it has to be complete;

b) it has to correspond uniquely to the structure;

c) it has to be general and flexible;

d) it has to be useful for capturing relevant
iInformation.

QuickTime™ and a
Microsoft Video 1 decompressor
are needed to see this picture.



The method: the basic volume elements are octahedra;
(pet name quadrons)




Data
Extraction/generation
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Skeletonization,
Tetrahedral network

Programme
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Structure characterization
tessellation, fabric tensor

]

Identification of degrees
of freedom

Identification of a volume
function




Fabric tensor: a mathematical description of the shape and
structure of the volume elements (the quadrons)

a) it has to be complete;

b) it has to be unique;

c) it has to be useful for modeling physical properties
(permeabillity, electric and heat conductivity, stresses).
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Tetrahedron centroid

Construct quadron fabric tensors




Data
Extraction/generation
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Skeletonization,
Tetrahedral network

Programme
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Structure characterization
tessellation, fabric tensor

Identification of degrees Identification of a volume
of freedom function




Degrees of freedom and volume function:
mathematical quantities required for our statistical approach
(novel; based on the powerful formalism of statistical
mechanics)



Data
Extraction/generation
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Skeletonization,
Tetrahedral network

Programme

Structure characterization
tessellation, fabric tensor

]

Identification of degrees
of freedom

Identification of a volume
function

Statistical / entropic formalism

|

Computation of expectation
values of structural properties




QuickTime™ and a
Microsoft Video 1 decompressor
are needed to see this picture.



Statstics (entropy)

Blumenfeld & Edwards, Phys.Rev.L9Q, 114303 (2003Blumenfeld & Edwards, EuroPhys.J1E, 23 (2006);
Frenkel,Blumenfeld Grof, King, Blunt, PRE7, 041304 (2008)
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Programme

Data extraction

Skeletonization N

Structure characterization
tessellation, fabric tensor

]

Identification of degrees
of freedom

Identification of a volume
function

Statistical / entropic formalism

|

Computation of expectation
values of structural properties

\ Extraction of equivalent

networks




Grain polyhedra

Equivalent network

Cell polyhedra




Equivalent = same statistics of
physical properties as the original
structure (e.g. permeability,
electrical conductivity, mechanical
properties, thermal properties)

Grain polyhedra

Equivalent network

Why a network?

It IS much easier to compute physical
properties (permeability, heat
conductivity, etc) on a discrete network
than on the original structure




Programme

Data extraction

1 _ N

Skeletonization

Statistical / entropic formalism
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Computation of expectation
values of structural properties

Structure characterization
tessellation, fabric tensor

]

Identification of degrees
of freedom

Identification of a volume
function

Extraction of equivalent

networks
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Programme

Data extraction
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Skeletonization

Structure characterization
tessellation, fabric tensor
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Identification of degrees
of freedom

Identification of a volume
function

Statistical / entropic formalism

|

Construction of a
partition function
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Computation of expectation
values of structural properties

Compare different rock
structures

\ Understand effects of

grain parameters on
rock structure




Programme

Data extraction

1 _ N

Skeletonization

Structure characterization
tessellation, fabric tensor

]

Identification of degrees
of freedom

Identification of a volume
function

Statistical / entropic formalism

|

Construction of a
partition function
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Computation of expectation
values of structural properties

Compare flow behaviour
in different rocks

\ Understand effects of

grain parameters on
flow behaviour
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