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Introduction : Yield Stress Fluids in porous media

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

Applications in porous media :

Mud flow in fracture

Proppent fluid for fracking

Enhance Oil Recovery

Cement injection in the ground
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Flow paths
Q

u⃗ = 0⃗

∆P ∼ ∆Pc
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3 scaling regimes:-

- Q ∝ (∆P −∆Pc)
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- Q ∝ (∆P −∆Pc)
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Model : Pore Network

Network of bounds with random radius bij

∆P

q

Each link i (throat) :
q = ki

η (δp − δpci ) , with δp > δpci

δpci =
li
bi
τ0

ki =
πb4

i

4

Solve Kirchhoffs’ equations
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Influence of the boundary condition?
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Newtonian fluid

Q imposed ∆P imposed
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Bingham:
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Simulation
Q ( P P0)1.65

Q ∝ (∆P −∆P0)
β , (1)

β ≃ 1.6
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Q = 131.216
Q = 547.868
Q = 4674.238
 N x 0.63

Nchannel(x ≥ 1,Q → 0) ≃ W

2
x−δ.
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ℓboundary
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Q = 0.05
Q = 0.43
Q = 3.68
Q = 31.43
Q = 64.22
Q = 131.22
Q = 547.87
Q = 4674.24

Nchannel(x ≥ 1,Q → 0) ≃ W

2
x−δ.

Nchannel(x ,Q) = Qµf (xQµ/δ) ,

µ = 0.42± 0.02 and δ ≃ 0.63± 0.05.
ℓboundary ∝ Q−µ/δ
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KPZ avalanches

∆P0 = lim
Q→0

1
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
Kardar, Parisi & Zhang (1986)

Directed polymer : minCin

[∑
Cin

δpcidx
]

W ∝ Lζ , ζ = 2/3.
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S

ℓ

W

100 101 102 103

100

101

102

w

fit w 0.66

Roughness:
W ∝ ℓζ

ζ = 2/3.

100 101 102 103
10 5

10 4

10 3

10 2

10 1

100

pd
f

fit y 1.61

Avalanche length:
P(ℓ) ∝ ℓ−τℓ

τℓ ≃ 1.6

100 101 102 103 104 105

S

10 7

10 6

10 5

10 4

10 3

10 2

10 1

pd
f

fit y S 1.403

Avalanche size:
P(S) ∝ S−τS

τS ≃ 1.4

τS ̸= 2− 2

1 + ζ
(2)

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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L

W

τS = 2− 1

1 + ζ

After W avalanches, surface covered: W ⟨S⟩ = WL.

W ⟨S⟩ ≈ WL =⇒ L(1+ζ)(2−τS ) ≈ L , (3)
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Conclusion

Exponent ζ governed many scaling laws S

ℓ

W

τS = 2− 1

1 + ζ
(4)

Roughness:
W ∝ ℓζ

ζ = 2/3.

Avalanche length:
P(ℓ) ∝ ℓ−τℓ

τℓ ≃ 1.6
τℓ = 1 + ζ = 5

3

Avalanche size:
P(S) ∝ S−τS

τS ≃ 1.4
τS = 2− 1

1+ζ = 7
5

Talon et al. Influence of the imposed flow rate boundary condition on the flow of Bingham fluid in porous media PRFluids, 2024
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Q = 0.051
Q = 0.432
Q = 3.684
Q = 31.427
Q = 64.216
Q = 131.216
Q = 547.868
Q = 4674.238
 N x 0.63

Nchannel(x ≥ 1,Q → 0) ≃ W

2
x−δ.

Nchannel(x ,Q) = Qµf (xQµ/δ) ,

µ = 0.42± 0.02 and δ ≃ 0.63± 0.05.
Nchannel(x) = number of avalanches larger than x ⇒ δ = ξ
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We are still missing an interpretation for µ and β.

Q ∝ (∆P −∆P0)
β (5)
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Conclusion

Critical system (fractal flow field, etc.)

KPZ controls the boundary length
P(ℓ) ∝ ℓ−τℓ , τℓ = 1 + ζ
P(S) ∝ S−τS , τS = 2− 1

1+ζ

Nchannel(x ≥ 1,Q → 0) ≃ W
2 x−ξ

ℓboundary

Homogenization

Effect of pressure imposed boundary condition?

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

3D PNM, Nathan Abitbol (PhD).
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