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Text S3

Thrombus Hemodynamics Model

For 0 ≤ θ < 2π, we use the following boundary conditions on the thrombus surface and on the thrombus
core,

U c
r (a, θ) = 0 (1)

U c
θ (a, θ) = 0 (2)

Ur(b, θ) = U c
r (b, θ) (3)

Uθ(b, θ) = U c
θ (b, θ) (4)

τrr(b, θ) = τ crr(b, θ) (5)

τrθ(b, θ) = τ crθ(b, θ) (6)

Ur(r → ∞, θ) = −U0 cos(θ) (7)

Uθ(r → ∞, θ) = U0 sin(θ), (8)

(9)

where τrr = p− 2µ∂Ur

∂r , and τrθ = −µ
[
(1/r)∂Ur

∂θ + r ∂(Uθ/r)
∂r

]
are the normal and tangential components

of the stress tensor. For the axisymmetric case, the problem can be reformulated in terms of stream
function, which for the Stokes and Brinkman equations yields:

H2ψ = 0, r ≤ b, (10)

and

H2ψc − 1

k
(µ/µc)Hψ = 0, a ≤ r ≤ b, (11)

where operator H is expressed in spherical coordinates as follows

H =
∂2

∂r2
+

sin θ

r2
∂

∂θ

(
1

sin θ

∂

∂θ

)
. (12)

The general solution of Equations (10, 11) is given by [1]

ψ(η, θ) = −0.5kU0

[
C1/η + C2η + C3η

2 + C4η
4
]
sin2(θ), η ≥ β, (13)

ψc(η, θ) = −0.5kU0[K1 +K2] sin
2 θ, α ≤ η ≤ β, (14)

K1 = C5/η + C6η
2 + C7

(
cosh η

η
− sinh η

)
, (15)

K2 = C8

(
sinh η

η
− cosh η

)
, (16)

where η = r/
√
k, α = a/

√
k, β = b/

√
k. Coefficients C1 - C8 in Equations (13, 14) are determined from

the boundary conditions (2-9) and are equal to [1]:

C1 = β3 − β2C2 + C5 + β3C6 + (coshβ − β sinhβ)C7 + (sinhβ − β coshβ)C8, (17)

C2 = 0.5
C0

α sinhβ − coshα
(1/A), (18)



2

where

C0 = 3(α4 + 2αβ3 + 3α2) coshα+ 9α2(coshβ − β sinhβ − α sinhα)

+ 3 cosh∆
[
(α3 + 2β3 + 3α)(αβ sinhβ − α coshβ − β coshα) + 3α2β sinhα

]
+ 3 sinh∆

[
(α3 + 2β3 + 3α) coshα+ 3α2(αβ sinhβ − α coshβ − sinhα)

]
, (19)

A = −6α+ (3α+ 3β + α3 + 2β3) cosh∆ + 3(α2 − 1) sinh∆, (20)

with ∆ = β − α.
C3 = −1, (21)

C4 = 0, (22)

C5 = 2C2 + 2β3C6, (23)

C6 = (C7 coshα+ C8 sinhα)/(3α), (24)

C7 =
3α− (α coshβ − sinhα)C8

α sinhβ − coshα
, (25)

C8 = (1/A)
[
3(α2 + 2β3) coshα+ 9α(coshα− α sinhα− coshβ + β sinhβ)

]
, (26)

The components of the stress tensor are given by

τrθ = kU0µ sin θ

(
C1

√
k

r4
+

1

r

C3

k

)
, r ≥ b, (27)

τrr = p+ 2µkU0 cos θ
(
3C1

√
k/r4

)
, r ≥ b. (28)

The drag force on the thrombus is determined by integrating the stress components over the thrombus
surface,

F = πb2
∫ π

0

(τrr cos θ − τrθ sin θ)r=b sin θdθ, (29)

which yields,
F = 2πbµU0Λ1, (30)

with Λ1 = C2/β.
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