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Abstract—As one of the most prevalent diseases worldwide,
plaque formation in human arteries, known as atherosclerosis,
is the focus of many research efforts. Previously, molecular
communication (MC) models have been proposed to capture and
analyze the natural processes inside the human body and to
support the development of diagnosis and treatment methods.
In the future, synthetic MC networks are envisioned to span the
human body as part of the Internet of Bio-Nano Things (IoBNT),
turning blood vessels into physical communication channels. By
observing and characterizing changes in these channels, MC
networks could play an active role in detecting diseases like
atherosclerosis. In this paper, building on previous preliminary
work for simulating an MC scenario in a plaque-obstructed blood
vessel, we evaluate different analytical models for non-Newtonian
flow and derive associated channel impulse responses (CIRs).
Additionally, we add the crucial factor of flow pulsatility to our
simulation model and investigate the effect of the systole-diastole
cycle on the received particles across the plaque channel. We
observe a significant influence of the plaque on the channel in
terms of the flow profile and CIR across different emission times
in the cycle. These metrics could act as crucial indicators for early
non-invasive plaque detection in advanced future MC methods.

Index Terms—Internet of Bio-Nano Things, Plaque Forma-
tions, Molecular Communication, OpenFOAM, Simulation

I. INTRODUCTION

MOLECULAR communication is envisioned to play an
important role in future communication networks as

a biocompatible, energy-efficient way to transmit information
in biological, micro- and nanoscale environments. In a future
Internet of Bio-Nano Things (IoBNT) so-called Bio-Nano
Machines (BNMs), enabled by recent advances in nanotech-
nology and bioengineering, could cooperate and communicate
to achieve complex tasks such as supporting the diagnosis and
treatment of diseases [1]. Atherosclerosis, the formation of
plaque inside of human arteries, is the underlying cause for

This work was supported by the German Research Foundation (DFG) as
part of Germany’s Excellence Strategy—EXC 2050/1—Cluster of Excellence
”Centre for Tactile Internet with Human-in-the-Loop” (CeTI) of Technische
Universität Dresden under project ID 390696704 and the Federal Ministry
of Education and Research (BMBF) in the programme of ”Souverän. Digital.
Vernetzt.” Joint project 6G-life, grant numbers 16KISK001K and 16KISK002.
This work was also partly supported by the project IoBNT, funded by the
German Federal Ministry of Education and Research (BMBF) under grant
number 16KIS1994.

about 30 % of all deaths worldwide [2]. In particular, plaques
in the carotid artery have a prevalence of approximately
21 % in the world’s population between 30 and 79 years
of age [3]. While there are several diagnosis and treatment
approaches, they all require high-effort on-site procedures and
are usually restricted to patients who are already symptomatic,
as structured screening is rare [4]. Therefore, atherosclerosis
has become a topic among Molecular Communication (MC)
researchers. One approach seeks to utilize natural MC models
to further our understanding of the initial stages of plaque
growth, atherogenesis. Felicetti et al. have framed the process
as a communication system, in which blood platelets act as
Transmitters (TXs) towards the endothelial cells at the blood
vessel walls [5]. Their work looks into detailed modeling,
simulation, and lab experiments to analyze the breakdown of
this natural process, which leads to plaque build-up, and to
support the development of diagnosis and treatment methods.
In our previous work [6], we proposed a second perspective
on bringing together MC research and atherosclerosis based
on synthetic MC networks that will be part of a future
IoBNT inside the human body. As BNMs will populate the
human Cardiovascular System (CVS) and emit and receive
nanoparticles, the human body and its blood vessels be-
come physical communication channels. As the human body
changes, potentially in unhealthy ways, these communication
channels may change in a way that we can detect in a
joint communication and sensing approach. We simulated a
simplified blood vessel scenario with a growing plaque using
OpenFOAM and demonstrated that the obstacle significantly
affects the communication channel. In this work, we want to
build upon the preliminary analysis in [6] in the following
ways: (i) We will highlight possible analytical approaches to
model different parts of the scenario, such as non-Newtonian
fluid flow models, compare and contrast the resulting flow
profiles, and discuss the limitations of analytical models in this
complex scenario. (ii) We derive analytical Channel Impulse
Responses (CIRs) for the non-Newtonian flow models in the
context of the proposed communication system structure and
incorporate the Venturi effect in our analytical model. (iii) We
simulate the complex effects of a pulsatile inlet flow, carefully
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Fig. 1: Schematic of the considered atherosclerosis scenario; adapted from [6].

modeled after a realistic systole-diastole cycle of the heart, and
apply it to our existing simulation. We demonstrate that our
findings in [6] can be replicated for the pulsed flow and across
different particle release times within the cycle.

This publication is connected to the release of our simula-
tion data set, including the pulsatile inlet flow modeling [7].

II. MC MODEL SETUP

Our MC system model considers a 3D scenario, addressing
the formation of plaque in human carotids, following our
previous work in [6], and schematically shown in Fig. 1. The
TX is assumed to be circular. Upon release, the particles are
uniformly distributed over the cross-section of the circular TX.
After the propagation in the channel, the passive Receiver
(RX), spanning the whole cross-section of the channel, counts
the number of particles passing its cross-section. The length
of the channel lc = 50.0mm, i.e., the distance between the
circular TX and passive RX, is assumed to be constant. The
radius of the channel is rc = 3.0mm, mimicking a human
carotid [8]. Following [6], rp denotes the radial expansion of
the plaque, related to the channel radius rc. The default case
assumes no plaque formation in the channel, i.e., no obstacle,
so rp = 0×rc. We consider a constant inlet flow boundary con-
dition, uavg = 34.2 cm/s, and introduce a time-varying inlet
flow, which will be described below. Additionally, we consider
three different plaque sizes, rp = {0.25, 0.5, 0.75} × rc.
Finally, lp,outer = 20mm and lp,inner = 10mm denote the
length of the plaque at the outside and the inside of the
assumed human carotid, cf. [6, Fig. 1] and Fig. 1.

Our simulations consider human blood as the fluid phase,
assuming a density of 1050 kg/m3 [9]. Furthermore, we con-
sider the Casson fluid model, as blood is a non-Newtonian
fluid [6]. The model parameters follow the used ones in [10].
We assume laminar flow is present in all simulation scenarios.
This preliminary assumption is intended for this initial study,
as modeling turbulence for non-Newtonian fluids in a pipe
with varying diameters and inlet velocity boundary conditions
falls outside the scope of this paper.

We apply the same boundary conditions as in our previous
work in [6], excluding the inlet velocity boundary condition.
A detailed description of the remaining boundary conditions
can be found in [6]. We apply a human carotid pulsatile flow
profile, cf. Fig. 2, for the inlet velocity boundary condition
using uniformFixedValue, targeting future MC applications in
the IoBNT. The human CVS is influenced by the alternation
between systole, the heart’s active contraction phase, and
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Fig. 2: Human carotid artery pulsatile flow profile [11], [12].

diastole, the heart’s passive relaxation phase. Both phases are
considered, and the pulsatile flow is repeated every 0.9 s.

III. ANALYTICAL APPROACHES

As a first step, we will investigate analytical modeling of
the blood vessel and plaque obstruction scenario. We focus on
blood’s non-Newtonian nature and compare the impact on the
flow profile. Additionally, we will frame the non-Newtonian
flow channel as an MC channel and derive the associated CIRs
at the RX.
A. Analytical Flow Profiles and Impulse Responses

Blood is commonly modeled as a non-Newtonian fluid
and will form velocity profiles that differ from the standard
Poiseuille model. This is in part due to an effect called plug
flow, where the faster-moving red blood cells and other larger
particles tend to accumulate in the center of the channel
and flatten the front of the velocity profile [13]. This is
generally relevant, but the effects are particularly important
as the diameter of the blood vessel decreases, such as in
the plaque-obstructed blood vessels we are concerned with
in this work [14]. There are numerous different viscosity
models for non-Newtonian fluids, including the Casson and
Bird-Carreau model, as used in [6], for fluid dynamics sim-
ulations in a blood vessel. While these specific models are
not suitable to derive closed-form analytical models for the
flow profile or the CIR, there exist other models incorporating
very similar non-Newtonian effects, particularly the power-law
and the Herschel-Bulkley models [15]. For these models, also
commonly used in blood rheology [14], the Hagen-Poiseuille
solution for a straight cylindrical pipe can be derived in closed
form [15]. In the following, we will introduce both models
briefly, apply them to our MC scenario, derive the CIRs, and
subsequently compare them to the standard Newtonian model
and to each other.

1) Newtonian Fluid
Briefly, we will present the solutions for a Newtonian fluid.

Using the fluid’s shear stress τ , consistency index K, and the
shear rate γ̇, the constitutive equation is given by [16]

τ = K · γ̇. (1)

The resulting flow velocity profile over the channels radial co-
ordinate ρ =

√
y2 + z2 is the well-known parabolic Poiseuille

solution

u(ρ) = u0

(
1−

(
ρ

rc

)2
)
; 0 ≤ ρ ≤ rc. (2)



The CIR h(t) is defined as the fraction of particles that have
reached the RX at time t for an instantaneous release of the
particles at time t = 0. The TX is at x = 0 and the RX at
x = lc, extending to infinity along the rest of the channel.

Before applying a specific model, we must determine which
regime concerning flow and diffusion we are operating in.
Following [17], the so-called dispersion factor α is given by
α = Dlc

uavgr2c
, where D denotes the diffusion coefficient of the

particles. For the particles, we assume the commonly used Su-
perParamagnetic Iron-Oxide Nanoparticles (SPIONs) [18] and
their diffusion coefficient can be estimated from the average
radius rSPION = 50nm [19]. The formula for the diffusion
coefficient for particles suspended in a liquid [17] is D =

kBT
6πηrSPION

= 1.1×10−12 m2/s, where kB = 1.38×10−23 J/K,
T = 300K, and the dynamic viscosity of blood is set to an
average value of η = 4×10−3 Pa s. In this case, the dispersion
factor can be calculated to be α = 1.8×10−8 ≪ 1, signifying
the clear validity of the flow-dominated regime [17].

Wicke et al. derived the resulting CIR for flow-dominated
conditions [20]. Adapting their result for our scenario as shown
in Fig. 1 based on the system model in Section II yields

h(t) = 1− d

u0t
; for t ≥ d

u0
, (3)

where u0 is the maximum flow speed in the middle of the
channel and u0 = 2uavg in this case.

2) Power-Law Fluid
The power-law non-Newtonian fluid model is defined by the

constitutive equation

τ = K · γ̇n. (4)

Here, n is the power-law coefficient, and its inverse is m = 1
n .

The closed-form Hagen-Poiseuille solution for the flow veloc-
ity profile is given by [15]

u(ρ) = u0 ·

(
1−

(
ρ

rc

)m+1
)
; 0 ≤ ρ ≤ rc. (5)

Now, the goal is to derive a CIR at the RX similar to the
Newtonian model. Given the initially uniform distribution
of the particles in the TX cross-section f(ρ, ϕ) = 1

πr2c
,

the initial concentration of particles can be expressed as
ci(x) = f(ρ, ϕ)·δ(x), where x = [ρ, ϕ, x] and δ(·) is the Dirac
delta function. Following the CIR derivation for the Newtonian
case in [20], we define an auxiliary variable s = ρ2

r2c
. As

we are operating in the flow-dominated regime, the initial
concentration is displaced over time according to the flow
velocity profile u(ρ) and then integrated over the RX volume,
assumed to be the infinite cylinder with x > lc, 0 ≤ ϕ < 2π,
0 ≤ ρ ≤ rc:

h(t) =

∫∫∫
V

ci (x− u(ρ)t · ez) dV

if t≥ lc
u0=

∫ rc

0

∫ u0t

lc

∫ 2π

0

1

πr2c
δ(x− u(ρ)t)ρdϕdxdρ

=

∫ rc

0

∫ u0t

lc

2ρ

r2c
δ(x− u(ρ)t)dxdρ

s= ρ2

r2c=

∫ 1

0

∫ u0t

lc

δ(x− u(ρ)t)dxds. (6)

We can utilize the following property of the Dirac-delta
function: δ(φ(s)) = 1

|φ′(s0)|δ(s−s0), where φ(s0) = 0. Then,

φ(s) = x− u0t
(
1− s

m+1
2

)
, φ′(s) = m+1

2 u0ts
m−1

2 and

φ(s0) = 0 ⇔ s0 =

(
1− x

u0t

) 2
m+1

. (7)

Since no particle travels with speed greater than u0, we
know that 0 ≤ x ≤ u0t holds for our integration region
and, therefore, 0 ≤ s0 ≤ 1. We make use of the fact that∫ 1

0
δ(s− s0)ds = 1 and can continue Eq. (6) as

h(t)=

∫ u0t

lc

1

|φ′(s0)|
dx=

∫ u0t

lc

2

(m+ 1)u0t

(
1− x

u0t

) 1−m
1+m

dx

=

[
−
(
1− x

u0t

) 2
m+1

]u0t

lc

=

(
1− lc

u0t

) 2
m+1

; for t≥ lc
u0

. (8)

For a different shape of the flow profile, the relationship
between u0 and uavg also changes. For the power-law model,
the result is [15]

u0

uavg
=

m+ 3

m+ 1
. (9)

3) Herschel-Bulkley Model
The Herschel-Bulkley model is more detailed than the

power-law model, as it depends on one additional parameter.
The constitutive equations are

τ = Kγ̇n + τy; for τ > τy (10)
0 = γ̇; for τ ≤ τy, (11)

with the yield stress τy. The Hagen-Poiseuille solution is given
in [15] as

u(ρ) =

u0 ρ < ρp

u0 ·
(
1−

(
ρ−ρp

rc−ρp

)m+1
)

ρp ≤ ρ ≤ rc.
(12)

Here, ρp = ζrc is the plug radius that is calculated from
the yield surface position ζ, which is the zero of the so-
called Buckingham polynomial on the interval [0, 1) [15]. The
relationship of uavg to u0 can be calculated as [15]

u0

uavg
=

(m+ 2)(m+ 3)

2ζ2 + 2(m+ 1)ζ + (m+ 2)(m+ 1)
. (13)

For the sake of brevity, we now present the CIR of the
Herschel-Bulkley model, which we have derived in a very
similar manner to the power-law model in Section III-A2:

h(t)=

(
ρp
a

+
(
1− ρp

a

)(
1− d

u0t

) 1
m+1

)2

; for t ≥ d

u0t
. (14)

B. Venturi Effect
While the fluid models above capture the impact of the

non-Newtonian behavior of blood, we will also try to look
at a very simple analytical approach to modeling the impact
of the plaque. Modeling the flow profile’s exact development
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Fig. 3: Relative reduction in traversal time due to the Venturi effect in the
narrower channel with plaque of size rp.

across channel radius transitions analytically is extremely
challenging. Therefore, we focus on one aspect, the Venturi
effect [21]. The relationship between the volume flow Q, the
cross-sectional area of the cylindrical channel A = πr2, and
the flow speed u is given by Q = Au. Assuming constant
volume flow, the change in channel radius along the x-axis,
r(x), due to the plaque will impact the flow speed according
to u(x) = u0

r2c
r(x)2 . The radius can be expressed as a piecewise

function

r(x)=


rc Region 1

rc−rp

(
2x−(lc−lp,outer)
lp,outer−lp,inner

)
Region 2

rp Region 3

rp+(rc−rp)
(

2x−(lc+lp,outer)
lp,outer−lp,inner

)
Region 4.

(15)

The different regions along the channel are specified in Fig. 1.
Assuming a very simplified model in which the maximum flow
speed is increased according to the Venturi effect for r(x), we
can calculate the minimum time for a particle to traverse the
channel

T =

∫ lc

0

dx

u(x)
=

1

u0

∫ lc

0

r2c
r(x)2

dx. (16)

We can see that since r2c
r(x)2 ≥ 1, T ≤ Tideal =

lc
u0

will hold
and the particles will arrive faster at the RX in the presence of
a plaque. In Fig. 3, we plot the relative reduction in traversal
time over the relative plaque radius. It can be seen that the
presence of a plaque can cause a significant speed increase
that could represent an important viable metric for early plaque
detection using an advanced IoBNT system. Additionally, the
results are shown for various channel lengths between TX and
RX. This shows that the proximity to the plaque plays an
important role in determining the magnitude of the change. A
certain density of BNMs in the CVS must be guaranteed to
enable detection. However, this could also provide additional
information about locating the plaque in relation to the TX
and RX.

C. Model Comparison and Flow Profile Simulation
We will now look at the results from our derivations and

compare the models based on flow profile and CIR. The
following parameter values are assumed: Physical parameters
from Section II, and fluid model parameters n = 0.708 [22],
τy = 5 × 10−3 Pa [23], K = 17 × 10−3 Pan [22]. In Fig. 4,
the resulting flow profiles for the three models are shown

−2 0 2

·10−3

0

0.2

0.4

0.6

ρ [m]

u
(ρ
)
[m

/s
]

Newtonian
Power-law

Herschel-Bulkley

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

t [s]

Fr
ac

tio
n

of
re

ce
iv

ed
pa

rt
ic

le
s

Newtonian
Power-law

Herschel-Bulkley

Fig. 4: Comparison of three analytical fluid flow models, two incorporating
non-Newtonian effects. Left: flow velocity profiles; Right: CIR as calculated
in Eqs. (2), (5), and (14).

−3 −2 −1 0 1 2 3

·10−3

0

0.2

0.4

0.6

0.8

1

ρ [m]

u
(ρ
)
[m

/s
]

Sim. x = 0.01m
Sim. x = 0.025m
Sim. x = 0.04m

Power-law
Herschel-Bulkley

Fig. 5: Comparison of different flow velocity profiles obtained from the
OpenFOAM simulation at three points in the channel (in front of, at, and
behind the plaque). The two non-Newtonian analytical models have been fitted
to the case for x = 0.01m.

on the left side, and on the right side, the corresponding
CIRs. We can clearly see a difference between the Newtonian
and the two non-Newtonian models, particularly for the flow
profile. The non-Newtonian models form the characteristic
flattened plug flow profile, as mentioned at the beginning
of the section, caused by the presence of smaller and much
larger particles in blood [13]. The effect on the CIRs is
less noticeable in comparison. The non-Newtonian models
result in a slightly later arrival of the earliest particles. Still,
the higher velocity towards the sides causes the fraction of
received particles to rise more quickly in the middle part
of the CIR. We observe only very tiny deviations between
the power-law and Herschel-Bulkley model, suggesting that
in the regime of parameters that our scenario operates, the
different non-Newtonian models are practically equivalent, and
using any one is valid. Lastly, in Fig. 5, we compare the
analytical flow profiles to the flow profiles acquired from
the simulation of the plaque according to the description in
Section II and for a plaque of size rp = 0.25 × rc. The
flow profile is shown at three different points, one in front
of the plaque (x = 0.01m), directly at the plaque (0.025m),
and behind the plaque (0.04m). The models are shown using
the parameters according to the point in front of the plaque.
We observe two essential things. Firstly, while the analytical



models roughly capture the shape of the profile correctly, and
the simulated profile also exhibits the plug flow phenomenon,
there still is a noticeable deviation between the analytical and
simulation results, indicating that simulations are necessary to
capture all the effects in the considered scenario. Secondly, we
can compare the shapes of the flow profiles at the different
points in the channel. Looking at the flow profile next to
the plaque, the flow speed increases as expected, specifically
by a factor of 81×10−3 m/s

46×10−3 m/s = 1.77, which is almost exactly
the predicted increase of the flow speed, due to our Venturi
effect model, i.e., r2c

r(x)2 = 1
0.752 = 1.78. Crucially, the

flow profile is altered in a lasting way, as it is significantly
skewed and asymmetric even after passing the plaque. This
reinforces the fact that only simulation can capture the scenario
accurately, and analytical models are only able to make rough
predictions. Secondly, this represents another possible metric
for plaque detection, as uneven, skewed flow patterns might
be detectable over more extended time periods by BNMs that
move and communicate around the plaque. This result also
tracks with in-vivo measurements that have previously found
skewed asymmetric flow profiles in the presence of plaque and
more smooth and consistent results after plaque removal [24].
IV. PULSATILE INLET VELOCITY SIMULATION APPROACH

To extend our Computational Fluid Dynamics (CFD) simu-
lations, we applied a human carotid artery pulsatile flow profile
as an inlet velocity boundary condition on top of our previous
work in [6] to be able to map future IoBNT applications more
realistically. Since the time the particles are released from
the circular TX in the pulsatile profile significantly influences
the CIR, we consider three different time points for releasing
the particles in our analysis, cf. Fig. 2. Following [24], the
particles are released at the corresponding time instances for
the Peak Systole (PS), the Early Diastole (ED), and the Late
Diastole (LD), marked as tPS = 0.16 s, tED = 0.4 s, and
tLD = 0.9 s as well as dashed red lines in Fig. 2.
A. Simulation Control

As proposed in our previous work [25], we utilize the
Multi-Phase Particle-In-Cell Foam (MPPIC) solver in the
OpenFOAM software suite for the simulations.

We simulate a total time of trelease = tSOI + 1 s, denoting
the time after the release of the particles. Start of Injec-
tion (SOI) denotes the release of the particles, i.e., tSOI =
{tPS, tED, tLD}. The simulation time step size ∆t is constant,
i.e., ∆t = 1 × 10−4 s for the rp = 0 × rc, rp = 0.25 × rc,
and rp = 0.5× rc scenario. Due to the high resolution of the
mesh at the narrow point of the plaque for rp = 0.75×rc and
the high PS amplitude, here we set ∆t = 1× 10−5 s.
B. Simulation Results

To evaluate the performance of the simulated scenarios, i.e.,
different release times of the particles and different plaque
expansions, we plot the number of the received particles
Nparticles over the time after the release, see Fig. 6. For
benchmarking, Nparticles is also plotted for the default scenario
from our previous work in [6], denoted as ’Constant flow uavg’
(purple solid line).

As observed in [6], Fig. 6 demonstrates that with increasing
expansion of the plaque in the radial direction, i.e., with a more
substantial influence of the Venturi effect, the first particles
are more likely to reach the RX on average, even with applied
pulsatile inlet velocity boundary condition. Specifically, the
traversal speed increases by 5.5% for rp = 0.25×rc, 33% for
rp = 0.5×rc, and 43% for rp = 0.75×rc. Comparing this with
our analytical Venturi model in Eq. (16), the predicted values
are 15%, 30%, and 43%, respectively, which align quite well
with the simulation, especially for larger plaques, for which
the more abrupt transition might cause the piecewise velocity
assumption of the model to be more valid.

The subplots (a) to (d) in Fig. 6 further demonstrate that
the first particles released at tPS arrive faster at the RX, due
to the high amplitude at tPS, cf. Fig. 2, enabling particles to
overcome the obstructions caused by plaque formation more
efficiently. However, due to the steep drop in the amplitude
after the global maximum, the last particles arrive much later
than the particles released at tED and tLD. This pulsatile inlet
flow condition behavior can also be seen in the irregularity in
the upper third of the PS plot curve in Fig. 6. In all plots in
Fig. 6, the number of received particles for the release time tLD
approaches the default scenario, initially with a lower number
of received particles, but with increasing time trelease with a
higher number of received particles. This observed behavior
can also be explained by the pulsatile inlet flow velocity
profile, as the amplitude of the flow rate at the release time
is below the constant amplitude of uavg but increases sharply
after approximately 0.1 s due to the systolic behavior. Finally,
for the release time tED, Fig. 6 demonstrates that due to the
low amplitude of the beginning diastole, the particles arrive
later at the TX compared to the other simulated scenarios.

The default scenario [6] represents the scenario without
pulsatile effects, where particles experience a steady flow. The
corresponding curve remains relatively consistent across all
plaque expansions and generally exhibits slower initial recep-
tion than PS scenario but faster than ED and LD scenarios. In
cases with large plaque (rp = 0.75× rc), the default scenario
shows a slower increase in the number of received particles
compared to the PS scenario, suggesting that the systolic phase
in a pulsatile flow offers a higher particle transport efficiency
even in obstructed channels.

Overall, the PS scenario demonstrates the highest trans-
mission speed in overcoming plaque-induced obstacles. In
contrast, ED releasing particles results in significant delays,
emphasizing the importance of synchronizing the particle
release with pulsatile phases in MC IoBNT applications. In
general, in the PS scenario, we also see the largest difference
in the number of received particles, as well as the shape of the
CIR, implying increased suitability for detecting the plaque.

V. CONCLUSION AND OUTLOOK

In this paper, we analyzed a human carotid blood vessel
and plaque obstruction model, focusing on the non-Newtonian
behavior of blood, modeling its flow as an MC channel to
derive CIRs at the RX. Furthermore, based on our previous
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Fig. 6: Total number of received particles Nparticle for different radial extensions of the plaque rp for different points of release in time, i.e., tED, tLD, and
tPS. trelease denotes the time after the release of the molecules at the planar TX. A total number of 1000 particles is released by the circular TX.

work in [6], we modeled plaque formations using a CFD tool,
implementing a pulsatile inlet velocity flow profile mimicking
a human carotid artery. The simulation results demonstrate
how the timing of the particle release within the cardiac cycle
and the presence of plaque formations affect the MC system
performance, evaluated by the CIR.

Future research includes turbulence modeling of the en-
visioned scenarios as the plaque formation can lead to tur-
bulence, especially under pulsatile inlet flow boundary con-
ditions. Furthermore, Fluid-Solid Interaction (FSI) is to be
considered and implemented for future research. A first trial
using the OpenFOAM toolbox solids4foam [26] can be found
in the published dataset [7]. The considered FSI scenario
includes the obstacle-free channel from Fig. 1, with a pulsatile
inlet flow boundary condition.
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