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Abstract: The purpose of this research is to formulate mathematical models to investigate lipid concentration effect on blood
flow though an inclined arterial channel with magnetic field. The formulated coupled partial differential equations were made
dimensionless and reduced to ordinary differential equation using a perturbation technique, the nonlinear ordinary differential
equations were solved analytically for the blood velocity and lipid concentration profiles respectively with some resultant
pertinent parameters. Numerical simulations were carried out using Mathematica codes developed by the authors for the flow
profiles by carefully varying the pertinent parameters to study the effect of each of the parameters on velocity and
concentration profiles respectively. It is notice that the solutal Grashoff number, Darcy number, angle of inclination, time and
the treatment parameters respectively causes the velocity profiles to increase, while the parameters such as the onset, length of
stenosis, Schmidt number, magnetic field intensity, and pulse rate respectively decelerate the velocity profile. Secondly, the
parameters such as length of stenosis, the pulse rate, Schmidt number and the treatment parameters decelerate the
concentration profile while the onset parameter increases the concentration profile and the results were presented graphically.
We can conclude that lipid concentration and some of the resulted pertinent parameters either increases or decreases the flow
profiles and of great importance in studying blood velocity in arterial channel.
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heart attack and serious circulating disorders Those diseases
have identified as major deaths worldwide Shanthiet al. [2].
Since the normal blood flow is disturbed as a result of
formation of lumps in the lumen of the arteries, the heat
transfers between the living tissues particularly in the
peripheral vessels where the temperature is generally closely
related with blood flow rate will also be disturbed. Several
studies on blood flow and heat transfer through stenosed
arteries have been done theoretically and experimentally by
several researchers [3-11]. Most of these studies considered
only the magnetic field effect with no-slip boundary
conditions. However, a number of studies of suspensions in
general and blood flow in particular have both
experimentally by Misra and Shit [12], Ponalgusamy [13]),
and theoretically Verma et al. [14], Guar and Gupta [15]
suggested the presence of slip at the flow boundaries. In a
recent development, Srikanth, etal., [16] investigated blood
flow through an overlapping clogged tapered artery in the

1. Introduction

Blood flow refers to the movement of blood through a
vessel, tissue, or organ, and is usually expressed in terms of
volume of blood per unit of time. It is initiated by the
contraction of the ventricles of the heart. Ventricular
contraction ejects blood into the major arteries, resulting in
flow from regions of higher pressure to regions of lower
pressure, as blood encounters smaller arteries and arterioles,
then capillaries, then the venules and veins of the venous
system Bunonyo et al [1].

Atherosclerosis is the deposition or accumulation of
cholesterol in the arterial wall and this can cause local
narrowing in the lumen of the arterial segment commonly
referred to as medically as stenosis. One of the serious
consequences, when an obstruction is developed in an artery,
is the increased resistance and the associated reduction of the
blood flow which can lead to arterial diseases such as stroke,
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presence of catheter. They considered velocity slip at the
arterial wall since cholesterol deposition is resulting in the
stenosis formation. They solved analytically the equation
governing the fluid flow under the assumption of mild
stenosis. Their results were presented graphically and from
the graphs, it was observed that the slip velocity and
divergence tapered artery facilitate the fluid flow. The effect
of slip velocity on blood flow through an arterial tube in the
presence of multiple stenosis was studied by Arun [17]. He
considered the effects of length of stenosis and shape
parameter on resistance to flow and shear stress. He observed
from the graphs that the pertinent parameters have small
variations for different values of stenosis shape parameter. An
approximate perturbation scheme has been adopted by Geeta
and Siddique [18] to solve the equations governing the
unsteady blood flow through -constrictedartery in the
presence of velocity slip. They characterized the rheology of
the blood flow by Bingham plastic fluids model. They
considered the important flow parameters such as velocity,
flow rate and shear stress and represented the results
graphically. They concluded that, since high blood viscosity
is very dangerous for the cardiovascular disorders, slip
velocity at the stenotic wall may be used as the major tool in
reducing the blood viscosity. Hematocrit effect on the
axisymmetric blood flow through stenosed arteries has been
investigated by Sanjeev and Chandrasekhar [19]. The
mathematical model of blood flow through a tapered artery
with mild stenosis and hematocrit were studied by Verma and
Parihar [20]. Some of the above mentioned researchers only
considered variable blood viscosity in their studies include
Shit and Screenparna [21], Singh and Rathee [22]; Chitra and
Karthikeyan [22]; Jagdish and Rajbala [24]. Bunonyo and
Amos [25] investigated treatment and radiation effect on an
atherosclerotic blood flow in an arterial channel with energy
equation and solving the simulating the function by varying
some pertinent variables and studying their impacts on the
temperature profile.

This research aims at investigating the lipid concentration
effect on blood flow through an inclined irregular arterial
channel with magnetic field which the above mentioned
researchers didn’t consider. We will be looking at the
treatment parameter, effect of the length of stenosis, height of
stenosis, onset of stenosisin our investigation, and to find out
how they enhance blood flowin different treatment regime.

2. Mathematical Formulation

We formulate mathematical models to investigate the lipid
concentration effect on blood flow through an inclined
irregular channel with magnetic field by consider the following
assumption: it is assumed that blood is an incompressible,
viscous, Newtonian and homogenous fluid which flows
through an inclined irregular channel with normal radius, R,,.
In addition, magnetic field is perpendicularly applied to the
direction of the flow with an angle of inclination ¢ . The
definition of the rest of the parameters is seen at the
nomenclature section. In view of the aforementioned

considerations, we present the following governing models:
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The geometry of the irregular channel in dimensional form
is:

. 5 "
=Ry -2 1+cos2 2 3
Y =Ry== cos2— (3)

The corresponding boundary conditions are as:

w=0 C'=C, at y =0
“4)

*

w=0 C'=C, at y =R
We introduce the following non-dimensional conditions as:
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Using the dimensionless quantities to simplify equation
(1)—(3), we have the following:
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The geometry of the irregular channel in dimensionless
form is:

o
- + T 8
y=1 2R, (1 cos2 x) 3

The corresponding boundary conditions are as:

w=0 @=0a y=0
©)

w=0 @=1 at y=h

where: x = l(do +ij
L 2

3. Analytical Solution

Since the flow of blood through an arterial channel is as a
result of the pumping action of the heart, we consider the
pressure gradient, velocity and concentration profiles as a
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solution in the form:

W p (10)
Ox

So that, the wvelocity and
represented as:

temperature profile are

w(y,1) = wy(y)e'™ (11)

Ap.1) =g (y)e™ (12)
Substituting equation (10) — (12) into equation (6) and (7),
and by using the transformation Y = %, equation (6) and (7)

are simplified:

%w,
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where £, = h(M2 +ia)+DLj and B, = hiaSc
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The corresponding boundary conditions are as:
wy,=0 @ =0 at =0
s5)
wy=0 @ =™ at y=1
Equation (14) has a solution of the form:
@ = Asinh («/ﬂz/Y) +Bcosh( ,BzX) (16)

Using equation (15) to solve for the function coefficients
in equation (16) as:

—iax

@ = W sinh ([, X ) (17)

Substitute (17) into (13) and solve for the velocity profile
with the concentration effect:
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Equation (18) has a homogenous solution in the form:

w, (X) = Asinh (\/EX)+Blcosh (\/E)() (19)

where 83, =

We assume the particular solution to take the form:
w, =P+ A2sinh( 5 )() + B2cosh( 5 X) (20)

Differentiating equation (20) to second order and

substitute the result into (18), we have:
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The general solution to the non homogenous differential
equation in equation (18), we obtained:

w, ()() = Alsinh( ,Bl)() +Blcosh( ﬂl)() —% +(%}sinh( ,82)() (22)
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We solve for the function coefficients of equation (22)
using the boundary conditions in equation (15) as follows:
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Substitute equation (17) and (22) into equation (11) and
(12), we simply as:
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The geometry of atherosclerosis is:

h=1--2(1+cos 27rx) (26)
2R,

4. Simulated Graphical Results

In the previous sections we formulated and solved
mathematical models for the lipid concentration effect on
blood flow through an inclined channel with magnetic field,
using regular perturbation method. This section deals with
simulation of the analytical solution in equation (24), (25)
and (26) by varying the biophysical parameters values such
as
Da=5M=3,85=0.22,0=3,1=12,A=0.3,Gc =10,¢ =15
, these parameters values are varied within a specific range in
order to actually see the effect of them on blood velocity, as
well as lipid concentration profile, with the treatment
parameter Ry fixed as a little control. The graphical results

are presented in Figure 1 — Figure 28 for velocity profile
w(X,t), concentration profile @ x,¢), volumetric flow rate

O, shear stress 7, the rate of mass transfer Sk .
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Figure 4. Influence of Da on velocity profile. x

Figure 8. Influence of [ on velocity profile.
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Figure 10. Influence of t on velocity profile.
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Figure 11. Influence of diy on concentration profile.
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Figure 12. Influence of A on concentration profile.
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Figure 13. Influence of f on concentration profile.
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Figure 15. Influence of O on concentration profile.
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Figure 16. Influence of A on volumetric flow rate.
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Figure 17. Influence of Da on volumetric flow rate.
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Figure 18. Influence of f on volumetric flow rate.
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Figure 20. Influence of Gc on wall shear stress.

Figure 21. Influence of A on wall shear stress.
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Figure 23. Influence of Da on wall shear stress.

Figure 24. Influence of dy on Sherwood number.
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Figure 28. Influence of O on Sherwood number.

5. Discussion of the Graphical Results

This section deals with the discussion of the graphically
results on the basis of the variations of pertinent parameters,
and their significant on blood velocity, concentration of lipid
profile, volumetric flow rate, shear stress at the wall and the
rate of mass transfers. In Figure 1, it is seen that increase in
the solutal Grashoff number, increases the blood velocity in
the arterial channel.

The importance of the onset of stenosis is illustrated in
Figure 2; this figure depicts that increase in onset
parameter, resulted to a decrease in the blood velocity. The
onset is the point where the stenosis is first seen and
thought of, in this investigation, its increase means an
increase in the lipid concentration and density which
decelerates the peak of flow.

The length of stenosis in the region of concern is noticed
in Figure 3, it shows that the increase in the length of
stenosis triggers a decrease in blood velocity. This result is
so important and could be of help in arterial blood flow
during surgical procedure. Porosity of any medium helps in
any flow profile, as it is seen in Figure 4. The figure show
that increase in Darcy number resulted to a corresponding
increasing in blood speed in the channel, and this is true
and it agrees with existing biophysical laws. It is seen in
Figure 5 that the increase in magnetic field intensity
decelerates the blood velocity. This is of the fact that if
magnetic field is applied to a moving electrically
conducting fluid, it induces a force called the Lorentz force,
which opposes or impede the flow. The relationship
between the momentum diffusion and the mass diffusion is
illustrated in Figure 6. This figure shows that increase in the
Schmidt number resulted to a decrease in blood velocity
because of the viscous diffusion rate is greater than the
molecular diffusion rate. Figure 7 is a result for increasing
values of the height of stenosis at certain level of porosity.
This results show that increase in height of stenosis
occasioned an increase the velocity profile because of the
effectiveness of the treatment parameter in this cases. The
pulse rate is related to both the systolic and diastolic blood
pressures, and increase in pulse simply means increase in
the systolic pressure under this investigation. This is an
indication that the heart is over working due to high level of
lipids in the system, as illustrated in Figure 8. The angle of
inclination is very important in blood circulation during and
after surgical procedure. That is so because it tells how a
patient should be position while undergoing surgical
procedure so that blood circulation would be under check,
as displayed in Figure 9, in this figure, it is seen that
increase in the angle of inclination increases the peak of the
blood velocity.

Figure 10 depicts that an increase in the onset of stenosis
increases the lipid concentration holding every other
parameters values. This is so because the treatment has been
able to take care of the lipid in circulation before it could
clog somewhere in the lumen.

The length of stenosis and pulse rate parameter effects is
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seen in Figure 11 — Figure 12. In figure 11 we observed that
the length parameters increase tend to decrease the
concentration of the lipid in the channel. From our
investigation, it is seen in Figure 13 — Figure 15 that
concentration profiles decreases by increasing the values of
the Schmidt number and the height of stenosis. It is seen also
that increase in length of stenosis generates an increase in
flow rate over time in Figure 16. Figure 17 illustrates the
effect of Darcy number on blood flow rate; it shows that
increase in the parameters increases the volumetric flow rate.
The effect of pulse rate and angle of inclination is seen in
Figure 18 — Figure 19. In Figure 20 — Figure 23, it is
observed that increase in solutal Grashoff Gc and Darcy
number Da increases the shear stress but the stress
decreases by increasing the length of stenosis.

Figure 24 — Figure 28 depicts that a decrease in rate of
mass transfer with the increase in onset and length of stenosis
parameters while the the rate increase with the increasing
values of the pulse rate, Schmidt number and height of
stenosis.

6. Conclusion

The lipid concentration effect on blood flow through an
inclined arterial channel with focus on the length of
stenosis, height of stenosis, pulse rate, angle of inclination,
Darcy number, Solutal Grashoff number, and how these
parameters affects lipid concentration profile and and blood
flow profile with the help of the treatment parameter and
external magnetic field. The governing equations with the
considered boundary conditions were solved using
perturbation  technique and are simulated using
Mathematica 10.

The study foundthe following:

a) The axial velocity profile increase is influenced by the
treatment parameter, the solutalGrashoff number, the
Darcy number, the angle of inclination and the time
parameters. While the blood flow velocity decelerates
with the increasing values of the onset of stenosis, the
length of stenosis, magnetic field intensity parameters,
Schmidt number and the pulse rate parameter.

b) In our investigation, we found that the onset of stenosis
increase the lipid concentration level, while the length
of stenosis, the pulse rate, the Schmidt number and the
height of stenosis all decrease the lipid concentration
level.

¢) We found that the volumetric flow rate increases with
the increasing values of the Darcy number and the angle
of inclination while the flow rate decreases by
increasing the values of the length and pulse rate
parameters respectively.

d) The shear stress increases with the increasing values of
the solutal Grashoff number and the Darcy parameter,
while the stress decreases with length of stenosis
increase.

e) The rate of lipid transfer increases with increase in
pulse rate parameter, Schmidt number and the height of

stenosis while the Sherwood number decreases with
increasing values of the onset of stenosis and the length
of stenosis.

Nomenclature

*

Dimensional coordinate variable

Dimensionless coordinate variable

N o e

Transformed coordinate variable
* Dimensional coordinate variable in the

* horizontal direction
X Dimensionless coordinate variable in the
horizontal direction

Ry Radius of normal arterial segment

R (x) Radius of abnormal arterial segment

% Pressure gradient in ¥ direction

A Length of arterial segment

w Dimensional blood velocity profile

w Dimensionless blood velocity profile

Ge Dimensionless blood velocity profile

o Dimensional maximum height of stenosis

Ry Treatment parameter

h Dimensionless atherosclerotic geometry

d, Onset of Stenosis

t Time parameter

H Blood dynamic viscosity (0.0045Pa. s)

¢ Angle of inclination under consideration

Y Blood density (1050kg/cm’®)

I Pulse rate

w=27mf Oscillatory parameter
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