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Computational Simulations on Drug Particle
Transport in a Clotted Channel for Biomedical
Applications
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Abstract—The present work reports the computer simulations
performed to study the effect of drug particle transport within a fluid
on velocity and pressure profile in a clotted channel. The fluid along
with drug particles is flowing in a clotted channel, which is
considered as a simulated blood vessel. The fluid flow is defined
using Navier-Stokes equation and particle motion through Newton’s
second law equation. The governing nonlinear partial differential
equations are solved using COMSOL software based on finite
element method. Results illustrate that the velocity and pressure
changes significantly when drug particles strike on the clot present in
the channel. It is observed that velocity and pressure both decrease as
particles move ahead from the clotted region in the channel.
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I. INTRODUCTION

ne of the main problems of chemotherapy is often not the

lack of efficient drugs, but the inability to precisely

deliver and concentrate these drugs in affected areas.
Cancer is one of the most insidious and potentially fatal
diseases in human being. Many evidences indicate that
progressive tumor growth is dependent on angiogenesis which
is the process in which new blood vessels develop from an
existing vasculature through endothelial cell sprouting,
proliferation and fusion [1]. New blood vessels provide
nutrients to proliferating cancer cells, which is in favour of
tumor growth. Tumor cells need an adequate blood supply in
order to perform vital cellular functions. The degree of
disturbance of blood flow is thus a good predictor of the
course of the disease, and hence regional blood flow measure
can permit earlier cancer detection. The modern-day approach
to cancer treatment is a multidisciplinary one involving
varying combination of surgery, radiation therapy,
chemotherapy, and targeted therapies. In drug therapies, a
medication or drug is controlled to target a specific pathway in
the growth and development of a tumor [2]. Understanding
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the flow of blood and drug in the microchannel is very
important for investigating the efficiency of drug treatment as
they pass from parent blood vessel to tumor surface via an
associated channel [3-4]. In the past years, a number of
mathematical models for blood and particle flow in arteries
and channel networks have been developed [5-13]. For
targeted drug delivery, drug has to be bound with small
biocompatible magnetic particles and their transport could be
controlled outside the body.
In general, blood is pushed under high pressure and velocity
away from the heart, initially along the main artery and the
aorta. In the aorta, the blood travels at 30 cm/sec and then
blood flows into the arteries and arterioles and ultimately to
the capillaries. As it reaches the capillaries, the rate of flow is
dramatically (one-thousand times) slower than the rate of flow
in the aorta. While the diameter of each individual arteriole
and capillary is far narrower than the diameter of the aorta, the
rate is actually slower due to the overall diameter of all the
combined capillaries being far greater than the diameter of the
individual aorta. Moreover, the transport of drugs within
blood also significantly affects the flow parameters. Mirza et
al. [14] studied the flow of blood with heat transfer in the
presence of a stenosis and reported that increase in the height
of the constriction, increases the velocity of blood, wall shear
stress, pressure and temperature. Gitter et al. [15] studied the
experimental investigation on a branched tube model in
magnetic drug targeting. Morega et al. [16] studied the flow
interaction in drug delivery through an arterial system.

In view of the above, the study of drug particle transport in
a channel along with their effect on flow parameters is
interesting and important for biomedical applications.
Therefore, in the present work, we have studied the effect of
drug particle transport within a fluid in a clotted channel by
using the below parameters as shown in Table 1. The
governing nonlinear Navier-Stokes equations for fluid flow
and Newton’s second law equation for particles transport are
introduced and solved using finite element based COMSOL
software. The observed results are analysed to understand the
drug particle transport effect on velocity and pressure profile.

II. MODEL PARAMETERS

Table I: Fluid parameters used in the simulation:

Unit
Pa*s

Value
3e-3

Name
Dynamic viscosity
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Name Value Unit
Density 1060 kg/m?
Inlet Velocity 0.004 m/sec
Pressure 13332.23 | Pa
Temperature 27 C

III. BASIC EQUATION USED IN SIMULATION

A. Equations for Fluid flow
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B. Equation for particle transport
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where 7 is the particle velocity when particle strikes at the

wall of channel.

The Drag coefficients are defined as:
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where Fp is the drag force, p is the fluid’s density
Unmean 1s the mean velocity and L is the length of channel.

Drag Force Equation
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Inlet equation:

Outlet Equation:

where, v, is the particle velocity when particle strikes at the
wall of the channel.

IV. RESULTS AND DISCUSSIONS

The meshing used in the present model for transport of drug
particles in a clotted channel is shown in the Fig. 1. The
meshing around the geometry was 10 um to obtain precise
velocity and pressure profiles.
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Fig. 1: The meshing used in the present model for transport of
drug particles in a clotted channel.

Fig. 2 shows the variations in pressure profile during drug
particles transport within a fluid in a clotted microchannel at
different timings: (a) t=3.7, (b) t=4.1, (c¢) t=4.5, (d) t=4.9, (e)
t=5.7 and (f) t=6.9. The clot has been inserted in the
microchannel as a circular ball at a fix position (2 mm from
the beginning of the channel) to study the clotting effect in
arteries due to cholesterol deposition.
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Fig. 2: Pressure profile (Pa) of drug particle transport within a
fluid flowing in a clotted microchannel at different timings:
(a) t=3.7, (b) t=4.1, (c) t=4.5, (d) t=4.9, (e) t=5.7 and (f) t=6.9.

It is observed through pressure profile that pressure contours
become dense as the particle density increases within the
fluid, which indicate the enhancement in pressure by
increasing the particle concentration. Moreover, it can also be
noticed that pressure increases sharply as drug particle strike
with obstacle (circular clot in the present case) and then
decreases as particle moves ahead in the channel.

The change in pressure profile with arc length (0-1)
at different positions of the channel from origin: (a) x = 0.3
(b) x=0.6 (¢c) x=0.9 and (d) x= 1.2 mm is shown in Fig. 3.
Arc-length is representing the distance along the diameter of
the clotted channel. Fig. 3(a) represents the pressure profile at
the 0.3 mm distance from the origin of the channel and clot is
situated at 0.2 mm. It is observed by these figures that the
pressure is increased at the clotted region and it decreases as
the fluid with particle moves away from the clotted area.
Further, it re-gains the same pressure as in a uniform channel
as particles move away from the clotted region. The maximum
pressure inside the clotted blood vessel also depends over the
size of the clot.
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Fig. 3: Pressure profile with arc length at different positions of
the channel from origin: (a) x = 0.3 (b) x = 0.6 (¢) x = 0.9 (d)
x=1.2 mm.

Fig. 4 represents the variations in velocity profile during drug
particle transport within a fluid in a clotted microchannel at
different timings: (a) t=3.7, (b) t=4.1, (¢) t=4.5, (d) t=4.9, (e)
t=5.7 and (f) t=6.9. It can also be observed through images
that the velocity increases significantly when particle strike at
obstacle (circular clot in the present case). Furthermore, the
velocity decreases with distance after striking the obstacle.
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Fig. 4: Velocity profile (m/sec) of drug particles transport
within a fluid flowing in a clotted microchannel at different
timings: (a) t=3.7, (b) t=4.1, (c) t=4.5, (d) t=4.9, (e) t=5.7 and
(f) t=6.9.
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Fig. 5 shows the velocity profile with arc length (0-1) at
different positions of the channel from origin: (a) x = 0.3 (b) x
= 0.6 (¢) x = 0.9 and (d) x= 1.2 mm. It is observed that
velocity of particles is majorly affected near the clot in the
channel (at x=0.3) due to turbulence as the nature of velocity
profile is completely deviate from its parabolic nature, which
is observed for the laminar flow. Further, as the particles
move away to the clot (for x=0.6, 0.9 and 1.2 mm), the
parabolic nature of velocity profile regains. This is also
supported by the analysis of Fig. 4 that the maximum change
in the velocity is observed near the clot present in the channel.

)

(4

Fig. 5: Velocity profile with arc length at different positions of
the channel (a) x =0.3 (b) x =0.6 (¢) x =0.9 (d) x= 1.2 mm.

The combined effect of pressure and velocity during drug
particle transport within a fluid in a channel at different
timings: (a) t=3.7, (b) t=4.1, (¢) t=4.5, (d) t=4.9, (e) t=5.7 and
(f) t=6.9 is shown in Fig. 6.

As discussed above, the same trend has been observed that
maximum changes in velocity as well as pressure are observed
during striking the particle with circular clot. Further, velocity
and pressure both decrease as particles move away from the
clotted area in the channel.
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Fig. 6: Combined velocity (m/sec) and pressure (Pa) profile of
drug particles transport within a fluid flowing in a clotted
microchannel at different timings: (a) t=3.7, (b) t=4.1, (¢)
t=4.5, (d) t=4.9, (e) t=5.7 and (f) t=6.9.

V. CONCLUSIONS

In summary, the effect of drug particle transport within a fluid
on velocity and pressure profile in a clotted channel has been
studied through computational simulations. The coupled
nonlinear partial differential Navier-Stokes equations for fluid
floe and Newton’s second law equation for particle transport
are solved using finite element method based COMSOL
software. Results demonstrate that the velocity and pressure
changes significantly during the strike of drug particles on the
clot present in the channel. Further, as particle move away
from the clot region, their velocity and pressure being
normalised.
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