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Porous media transport-from geo to bio
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Applications Length Scales

Oil and gas recovery Lfied = 100 m-1 km

Groundwater flow rpore = 10 nm-100 um

Reactive transport (typically two length
scales)
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Porous media transport-from geo to bio

Applications Length Scales

Drug delivery Ltissue = ~1 cm
Tissue engineering rpore = 10 nm-100 um
Physiology and pathology riber = 10-100 nm

Inherently two length scales

Tuesday, September 27, 11



Porous media analogs

Lenormand & Zarcone, PRL(1985)
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Auset & KeIIe-r Water Resource Res (2004) Neeves et aI., B'OPhyS] (20 | 0)
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Next generation porous media analogs

Real geometry reconstructed
from imaging

-Realistic

-Limited resolution

-No control over geometry
-Empirical correlations

Modeled stochastic geometry ! X
-Not real " |
-Precise control over geometry
-Many samples with the same
statistics can be generated
-Derive fundamental porosity-
permeability relations :

-
1

In collaboration with X.Yin (CSM)
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Geometry
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ing a second length scale

Introduc
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Device specifications

~600 grains
S5mmx5mm (3 Xlo)
Pores: w=10 pm, h=50 pm
D = 0.1 (Porosity)

POROSITY

Continuum

< g

Iy i

Fabrication

Silicon masters by DRIE
Soft lithography PDMS
PDMS-glass bonding
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Corner-to-Corner

Edge-to-Edge

Device specifications
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Measuring hydraulic permeability

Darcy’s Law
v=(k/u)VP

v = fluid velocity
k = permeability
M = viscosity
P = pressure

Kozeny Relation
k=¢°/Cs

@ = porosity
C = shape factor
s = surface area/pore volume
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Hydraulic permeability on stochastic networks

Homogeneous Heterogeneous
0.45 A > B
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Geometry Geometry

I Experiment [] Lattice Boltzmann Simulation Kozeny Equation

Experimental Conditions
AP =5, 10, |5 psi

H2o = | cP
Least squares fit to Darcy’s Law (n = 5)
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Drainage in homogeneous networks

Experimental Conditions
AP =5 psi

Ca= 10"

M=100

Invasion Percolation and
Trapping (IPT)

~ H Ca = vouly
'g. M= ui/p2
Phase | = Qil
"A Phase 2 =Water

.
\) 'R Drainage: Non-wetting
.“‘ % fluid displacing wetting

fluid
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Drainage in heterogeneous networks

Experimental Conditions
AP =5 psi

Ca= 10"

Viscosity Ratio = 100
(o:w)

Invasion Percolation and
Trapping (IPT) to anti-
DLA type displacement

Ca = vou2ly

M= ui/p2

Phase | = Oil
Phase 2 =Water
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Displacement efficiency in drainage experiments
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Displacement efficiency in imibition experiments

Hydrophilic
.| Displacement is spontaneous _
and yields discontinuous ;
o8 capillary domains :
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Future work: Transport in nanoscale pores

How do nanoscale features effect Nanoporeus
Polycarbonate

T

solute transport?
Do we see the same multiphase
bhenomena in pores <10 nm?

Microscale
Smooth Walls
Pores
10 um) )
Porous Wall

HEEEEEENEEEEEEEEEEEEEEEEEEEEE
nopores

10um) TmOnm
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Rough Wall

Nanoscale Roughness
~100 nm
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Summary %%Ug(
Novel geometry generation algorithm for §200§7Q<D@50<
stochastic porous media based on Vornoi 100%%%@@@[

tessellation 4@@@@

0 100 200 300 400
X (um)

Porosity-permeability correction for
heterogeneous media based on conductive
porosity

Heterogeneities can alter displacement

patterns in drainage, but not imbibition
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