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Motivation: Curved Boundaries

Fig. 11.6 Partially saturated
bounce-back. A spherical
particle (circle) covers a
certain amount of each lattice
cell. White corresponds to no
coverage, black to full
coverage. The solid fraction
0 < € < 1 for each cell is
shown up to the first digit.
Lattice nodes (not shown
here) are located at the centre
of lattice cells
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Curved Boundaries
Original LB model [1] T Ry O o e 0o s

out
f- X t = A LATTICE-BOLTZMANN METHOD FOR PARTIALLY
? SATURATED COMPUTATIONAL CELLS*

filx, t) + (1 — B)Qf + BQ: T —

Sandia National Laboratories, Albuguerque, NM 87185-0826, USA
TB-mail: drnoble@sandia.gov
B-mail: jrtorcz@sandia.gov

Accepted 10 October 1998

cthod is applied to comp
y filled with fluid. The

° Q}c : standard BGK
operator,

* QF = (fx, t) - ffq(p’ u) — ey

the proposed condition gives clos

puted drag forces with the proposed condition exkibit apparent quadratic convergence

(f(x t) - ( P, Ub) - solid e s e o s S By St 5 i
collision.
1
° — vy (T - 5)
B (1-7)+(r—3)
weighting factor, =y : solid

fraction.
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Porous Media

PHYSICAL REVIEW VOLUME 57, NUMBER 4 APRIL 1995

Original LB model [2] U

& Dardis und John MeCloskey

ool of Ei

Bl i porons e i invcuced, where
insorposated nto the Svlution cquaton. A

4 ot e Bl et sl

ff(x, t) - w,-""(x, £) + £ (x, t — At)

i scheme emoes bt the g
e it imporan, cises of

IXi9m08404.9]

i the crcoic Jengt
PACS nunberts: 4755, 471145, 4115, %
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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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Gao, Sharma (1994, LGA)
Dardis, McCloskey (1998)
Thorne, Sukop (2004)
Walsh et al. (2009) [5]
Zhu, Ma (2013)

Application to flow inside a blood clot
000000

o)

I

i
it
N)
pe)
0)



Partially Saturated Method Model Application to flow inside a blood clot
0000000 00000000 000000

Reminder: Darcy permeability

k Pressure dro
Vseep == —;VP / \

1 - dynamic viscosity,

Homogeneous cIot\
Tube
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Reminder: Darcy permeability

k Pressure dro
Vseep == —;VP / \

1 - dynamic viscosity,

Homogeneous cIot\
Tube

® Permeability <> flow # Porosity <+ structure.
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Reminder: Darcy permeability

k Pressure dro
Vseep == —;VP / \

1 - dynamic viscosity,

Homogeneous cIot\
Tube

® Permeability <> flow # Porosity <+ structure.
® k= k(v,...) : permeability law
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Reminder: Darcy permeability

k Pressure dro
Vseep == —;VP / \

1 - dynamic viscosity,

Homogeneous cIot\
Tube

® Permeability <> flow # Porosity <+ structure.

® k= k(v,...) : permeability law

® Assumption: k is the macroscopic link between PBB model
and reality.
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Walsh PBB
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W pre-collision m post-collision

P (x, 1) = (L= )f(x, t) + 7" (x. 1)
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FU(x, ) = (1= 1), £) + 77, 1)

p= Zfiout

i

pu = Z fioutci

i
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Walsh PBB

fI-OUt(X, t) = (1—7)f(xt)+ foin(xv t)

p= Z f}out pu = Z f,‘OUtCi

i i

pii = (1=7) Y £ = (1—7)u

1

i : macroscopic velocity.
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Walsh PBB

fI-OUt(X, t) = (1 =) (xt)+ foin(xv t)

p= Z f}out pu = Z f,'OUtCi

i i

pii = (1=7) Y £ = (1—7)u

1

i : macroscopic velocity.
Inherent permeability:

2y

)

v . kinematic viscosity.
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Walsh PBB: Permeability Law

(L—)v

2y
We have to turn this default permeability into the desired
permeability law.

k =
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Walsh PBB: Permeability Law

(L—)v
2y
We have to turn this default permeability into the desired
permeability law.
k = k(v) and v = ~(n%), with n} : physical solid fraction.

k =
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Walsh PBB: Permeability Law

2y
We have to turn this default permeability into the desired
permeability law.
k = k(v) and v = ~(n%), with n} : physical solid fraction.
= k= k() = k(n?).
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Walsh PBB: Permeability Law

oo =)
2y
We have to turn this default permeability into the desired
permeability law.
k = k(v) and v = ~(n%), with n} : physical solid fraction.
= k = k(v) = k(n}).
We thus invert (1):
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Walsh PBB

® Equivalent to Guo Force [7]

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

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

H(1): solution+clot height
h(t): solution height

hit) hit+dy) |L@): clotlength

V(1): lysis velocity
H [HNEN]
V(t+di)

L(0)
@ Solution

L(t+dt) = Clot

t=0 t t+dt

Application to flow inside a blood clot
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Hands-on: in-vitro fibrinolysis

Pressure drop

©00% o
00 00©°
o o o ©
° 0%o0
o o
< Homogeneous clot\
H(D): solution+clot height i X b
ht): solution height Lyth solution Tube
ht+dt) |L(t): clotlength fil ||ng
V(1): lysis velocity
H H H [HNEN]
V(t +dt)
L(0)
L Litsdy o Solution
m Clot
t=0 t tedt

u}
o)
I
i
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Hands-on: in-vitro fibrinolysis

Pressure drop

ssse
°©o0 0°%0 ]
o o ]
< Homogeneous clot\
H(): solution+clot height . .
h(t): solution height Lyth S_OIUtlon Tube
hit +dt) L(t): clot length ﬁl ||ng
V(b): lysis velocity
H H H (RN ~
Vit dt) an = —lenFn . dt
L(0)
L(t) Lt+dy @ Solution ~ ~
m Clot dF
n= —koFnFn - dt
t=0 t

t+dt

and v = y(Fn) = k = k(Fn).

=] 5
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Hands-on: in-vitro fibrinolysis

Kpavies = RZ (16n:25(1 4 56n:3)) ™"

10—13
10—14
10—15
_. 10716
E10v
10718
107
10720
102

Permeability vs solid fraction, Re=70 nm

0®0000

1
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.)
L

0.0 0.2 0.4 0.6 0.8 1.0
Fiber solid fraction ns* []




Partially Saturated Method Model Application to flow inside a blood clot
0000000 000000000 000000

Hands-on: in-vitro fibrinolysis

Kpavies = RZ (16n2-3(1 4 56n:3)) "

Do pe e

50 % lysis 90 % lysis

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