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Food, cosmetic, cements, mud, heavy oil...etc

Applications in porous media :

@ Mud flow in fracture - Newtonian
Proppent fluid for fracking

Bingham

°
@ Enhance Oil Recovery
°

Cement injection in the ground 0
70 T
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Flow paths

10° 10 107 10

AP — AP,

¥ 3 scaling regimes:-

- Qx (AP - AP}
Q x (AP — AP.)?

- Qx (AP - AP}
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Model : Pore Network

Network of bounds with random radius bj;

AP

@ Solve Kirchhoffs’ equations

Each link 7 (throat) :

q= %(5,3 —dpei) ,» with dp > dpg;
Opei = éi7b

ki _ Trb?

4

4/26



On the flow of yield stress fluid in porous media : stati



RS

S

S
4%

7%

%
5555
5

L5

SR

4%
%

REs

5
SN

o

SIS
’33’:"'5% %

%3

,’..
o
.

$%
3

%8s
%

5
R8s

5%
%

%

%

%

%3
%

%
%

%
3
%

5

%

5

S

$os
XL

K

RS
%

9%

%%
%
%
%
%

S

X5

o
LBX,

%%

<&

<

5

5%

»‘2.‘
D

X

%

5

':Q‘
.*’8*

X

<

.s‘z’

53

>

9%
S5
2%
S

%
X

e

5
55
ey
&
55

2
S
<5
S
%

%8
%

prse
55
2%
-
XX

555
5

%

X

55
s

o3

55
&
<
S
%
3%

X5

%

%

o

X8

<

88
&
&

X

%

53
‘o
535S
$%
%
KL

353

5

.
0%

K
£

."‘

%
&
%

35

R
KRR

S

3
5%

S

5%

&

5%
%

R

%
%

3
%

s

&
%

o

S
5
Sk

N

-

%
s

%
%
5

%

X

3
X
5

&

%

§

&
S
%
5%

..
o
-
’.gi
.
5,
¢‘{
58
%
o

3
2
X5
3
3
S
S
%

5

%

3

%
<

55

35
%

s
%

2

&

(5

%
S

3
%5

>
PN

%

%

%

e
%

s

K

S
5

%
2
%
5
5
:
4

RIS
23
XS5
%
s
3
%
5

'¢§:‘
$
%
%
s
5
3

25

9
£

.
5%
%
L3

s

g%

8

333

2K

KL

535
33
53
R
,«s“
R

%%
232
%
%
%

s

:

X
255
X
S
¢
%
3

5
&

%

.":,

533

g

%
2
SEBEK
5

2

..,
S
858

%

5

<3

355
5%
53

%

%

5

KRR
9%

LR
.& S
SRR

K
3
255

3
555

K

5

R

R
o

5550

&5
5
55

>

v,‘ﬁz %

(S8
i" SR

%
X

s

5o

23
%

SR

X

5
RS

-

S5

55
5
%

%

(3

RPN
23
S
%
S

SRS
5
PRRL
A
5
5
5

i

553

23
53

53

53
R
%%

%
%

(R
<

o

SRS

%
0""0
%

£

K5

«»,u)

&
(5%
25

5
%

%

S8

5%
%

X85

3
&S

&

o

3%

5
X
%

X
%
"&

S

5

%
‘,)s\‘

2N

%

5
55

555
555
<

S

&
%
%
%

Y

S

3
&
S

284

R
BN
%
%%
2

R
255
55
%
5

2

5
<
%

AP imposed

8

1508
RS
S R A AR
LR S S
A B S IRBIEIEK
S SRRy,
NS IR
R D N
R R
XX ORI SRS
R R S A SRS
R S o
R RS
KR AR SRS
e B S
SR R SR,
R RS
5 R R RIS
K o S
L N NN
K R SRR
LS A R
R BRRB ARy
SIS GRS
O SRR
X AN
K REIBIEERE,
SR SR
AN GBS
ok SRR S
238 R R

n the flow of yield stress fluid in porous media

3
5

1
.

%

X
%

%%

B

3

&

%
S

%

5

0"

5

3

X

5

55

3
X5

35

5

%

2%
o
o

% %

.~‘::;.
R

:
o

0"

B
%
55
55
%

%3

S

55

%

S

&5

2R3

%
R

8545
5%
2
%

%%

S8

2%

%

S

i
G
%
-

R
“3 KR

235

SRS

%

5
"‘f
%

%
S
%
%

%

%

S

SR

55

g

%
2
5

&

335

£

2
1%

%
X

2

B
S
<

5%

3%

LXK
55

3

55
%

s

25
R
&3

SR

RIS

0%
KSR,
S

:
S

SIS
SRS

S

S

5o
S

L
SRR
L

~I::‘

%

505 XK X
RIS
LB
L
QIR

L2

SRR
555

S5

%
%

CRK

R
s

SN

50

%
5%

%

&

R

2
KL
%t

23
3

s

3%
&

25

%
%

&%
’.,A‘
2

555
22

%




Bingham:

Q =0.001 Q=0.01 Q=05
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K -+ Simulation +
10°| —— APimposed —— Qu (AP = APV -%-+
—— Q imposed 10° N

107t
o
102
10-3 L8P AP,
442 446 450 454 458 10°
AP
AP — APy
Q o (AP — APy, (1)
B8~1.6
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Q =10.001

0.0002
104

any
o
w

Q=0.051
Q=0.432
Q=3.684
Q= 31427
Q=64.216
- Q=131216

2] - Q=547.868
10 Q =4674.238
. Nex-08

Nchannel

10°

o 106

w
NchanneI(X > 1, Q — O) ~ 7X76.
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Q=0.01
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104

any
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Q =10.051
Q=0.432
Q =3.684
Q=31.427
Q =64.216
+ Q=131.216

2 © Q=547.868
10 Q = 4674.238
— Noxx06

Nchannel

10° 10! 102

W _
NchanneI(X >1,Q — O) ~ 7X 5

Talon L. On the flow of yield stress fluid in porous media : stati



Q =4674.24

1
chhannel

103

107! 10° 10 102 10® 10* 10°
XQH®

4 boundary

w
Nchannel(x > 1, Q— 0) ~ ?X_E.

Nchannel(xa Q) = QNf(XQN/5) s

= 0.42 +0.02 and § ~ 0.63 £+ 0.05.
eboundary X Q_#/é
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.1
APy = (,I2IE>10 5 {g}lgﬂ%(SpaMﬂ

Kardar, Parisi & Zhang (1986)
Directed polymer : ming,, [Zc,-,, 5pc,-dx}
W LS, ¢ =2/3.
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1 .
APy = CI)anO o {ggﬂ%@dqﬂ

APy = Ni > min lz (5pc,-dx]
M oin T | C

Kardar, Parisi & Zhang (1986)
Directed polymer : ming,, [Zc,-,, 5pc,-dx}
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.1
APy = lim {ggﬂ%ér)alqul

Avalanche dynamic (Elastic line in random disorder)
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APy = lim = min > dpeilq;
o= lm g min, > Peilq]

Avalanche dynamic/(EIastic line in random disorder)
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Avalanche dynamic/(EIastic line in random disorder)




—— fit w« 066
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Roughness:
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¢ =2/3.
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Narayan, O. & Fisher, D. S. Threshold critical dynamics of driven interfaces in random media Phys. Rev. B, , 1993, 48, 7030-7042
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1
52T 10¢

After W avalanches, surface covered: W(S) = WL.

W(S) ~ WL = [(H+)@=78) | ®3)
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Exponent ¢ governed many scaling laws w

1
Ts i e (4)
Roughness: Avalanche length: Avalanche size:
W o £¢ P(f) oc £ MO
¢=2/3. o~ 1.6 75~ 1.4

Talon et al. Influence of the imposed flow rate boundary condition on the flow of Bingham fluid in porous media PRFluids, 2024

Talon L. On the flow of yield stress fluid in porous media : stati



104
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S - Q=0432
9- S = © Q=3684
© Q=31427
92/ - Q=64216
q - + Q=131216
102] © Q=s47.868
q - -+ Q=4674.238
N o x-083
q-7 10° 10" 102

w
NchanneI(X > 17 Q — 0) >~ 7X76,

NchanneI(Xv Q) = QMf(XQH/5) >

@ =0.42+0.02 and § ~ 0.63 £+ 0.05.
Nchannel(x) = number of avalanches larger than x = § = ¢
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We are still missing an interpretation for p and 3.

Q o< (AP — APy)” (5)

AP

XTI
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o Critical system (fractal flow field, etc.)

@ KPZ controls the boundary length
Py t™™, 7p=1+4+¢

P(S)oc S, s =2- i b

NchanneI(X >1,Q0— 0) ~ %X_g

<

A

~lo.0004

14 boundary

@ Homogenization
o Effect of pressure imposed boundary condition?
o Explicit determination of the flow curve in the Cayley tree, for low Q.

Schimmenti, V. M. et al. Darcy's law of yield stress fluids on a treelike network PRE, 2023

e 3D PNM, Nathan Abitbol (PhD).
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