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Curved Boundaries

Original LB model [1]

f outi (x, t) =

fi (x, t) + (1− B)Ωf
i + BΩs

i

• Ωf
i : standard BGK

operator,

• Ωs
i = (fî (x, t)− f eq

î
(ρ, u)−

(fi (x, t)− f eqi (ρ, ub) : solid
collision,

• B =
γ(τ− 1

2
)

(1−γ)+(τ− 1
2

)
:

weighting factor, γ : solid
fraction.
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Porous Media

Original LB model [2]

f outi (x, t) =

f ci (x, t)− γf ini (x, t) + γf out
î

(x, t −∆t)
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Porous Media

• Gao, Sharma (1994, LGA) [3]

• Dardis, McCloskey (1998) [1]

• Thorne, Sukop (2004) [4]

• Walsh et al. (2009) [5]

• Zhu, Ma (2013) [6]
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Reminder: Darcy permeability

vseep = −k

µ
∇P

µ : dynamic viscosity,
k : permeability.

Pressure drop

Tube

Flow direction

Homogeneous clot

• Permeability ↔ flow 6= Porosity ↔ structure.

• k = k(γ, ...) : permeability law

• Assumption: k is the macroscopic link between PBB model
and reality.
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Walsh PBB

pre-collision post-collision

f outi (x, t) = (1− γ)f ci (x, t) + γf in
î

(x, t)
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Walsh PBB

f outi (x, t) = (1− γ)f ci (x, t) + γf in
î

(x, t)

ρ =
∑
i

f outi ρu =
∑
i

f outi ci

ρũ = (1−γ)
∑
i

f outi ci = (1−γ)u

ũ : macroscopic velocity.
Inherent permeability:

k =
(1− γ)ν

2γ
,

ν : kinematic viscosity.
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Walsh PBB: Permeability Law

k =
(1− γ)ν

2γ
(1)

We have to turn this default permeability into the desired
permeability law.

k = k(γ) and γ = γ(n∗s ), with n∗s : physical solid fraction.
⇒ k = k(γ) = k(n∗s ).
We thus invert (1):

γ =
1

1 + 2k(n∗s )
ν

(2)
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Walsh PBB

• Equivalent to Guo Force [7]

• Conserves mass and Darcy velocity in heterogeneous porous
media [8]

• k = k(ν), as in all PBB models [8]
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Hands-on: in-vitro fibrinolysis

t = 0 t t + dt

L(0)

L(t)
L(t + dt)

h(0)
h(t)

h(t + dt)

H H H

V(0)

V(t)

V(t + dt)

H(t): solution+clot height

h(t): solution height

L(t): clot length

V(t): lysis velocity

Clot
Solution

Lytic solution
filling

Pressure drop

Tube

Flow direction

Homogeneous clot

dFn = −k1FnF̃n · dt

dF̃n = −k2FnF̃n · dt

and γ = γ(Fn)⇒ k = k(Fn).
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Hands-on: in-vitro fibrinolysis

kDavies = R2
f

(
16n∗1.5

s (1 + 56n∗s 3)
)−1

(3)
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Fiber solid fraction ns *  []
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Permeability vs solid fraction, Rf = 70 nm

Simulation (Davies model)
Simulation (Clague model)
Simulation (Jackson-James model)
Davies eq (Emp.)
Jackson James eq (Emp.)
Clague et al (LBM-PS)
Wufsus et al. (Exp.)
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Hands-on: in-vitro fibrinolysis

kDavies = R2
f

(
16n∗1.5

s (1 + 56n∗s 3)
)−1

n∗s (x , t) = πRf (x , t)2L∆V

∆V
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Hands-on: in-vitro fibrinolysis

Code:
palabos/src/boundaryCondition/partialBBdynamics.hh
Exercise:
palabos/examples/showCases/partialBounceBack/README .md
.pdf
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Let’s play!

...but any questions before?
Thanks for listening.
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