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UNSTEADY MHD BLOOD FLOW THROUGH A STENOSED
ARTERY IN THE PRESENCE OF SLIP VELOCITY EFFECT
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Abstract

The primary goal of this research paper is focused on investigate the unsteady MHD flow of Casson fluid 
through a stenosed artery filled with a porous medium in the presence of slip velocity effect. The blood 
flow MHD model is formulated using the Casson fluid flow under the influence of a uniformly distributed 
magnetic field and pressure gradient. The analytic solutions obtained for the velocity profile by using 
the Laplace transform with the finite Hankel transform technique. The graphical representations of the 
velocity profile are discussed with various physical parameters. The result shows the behaviour of the 
Casson MHD fluid flow velocity in the presence of slip velocity and without slip velocity effects. It 
is found that the fluid velocity increases with the increase in Casson parameter and permeability, while 
it decreases when the magnetic parameter and the flow of fluid decrease at the centre and increases 
in the boundary of arteries with increase in the amplitude of pulsatile pressure gradient, height of the 
stenosis and frequency of pulse. But trends is reversed with the amplitude of steady component of 
pressure gradient. Thus, these findings are beneficial to explore further in the applications of biomedical 
engineering, pathology and the diagnosis and treatment of certain medical issues.
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1. Introduction

The significance of the Casson fluid flow model is mostly used to characterise non-
Newtonian fluids that show yield stress. The Casson fluid flow model is considered 
more appropriate for rheological data for specific materials compared to other general 
viscoplastic models. The MHD blood flow model is based on Casson fluid, which
is applicable in biotechnology, pathology, medical science and chemical engineering, 
etc. Therefore, many researchers study theoretically and experimentally investigate 
the behaviour of the Casson fluid flow through porous medium in the cylindrical
domain. The study in a cylindrical domain is more relevant and significant to real-
life applications such as flow in the vessel, blood flow in the human body and others.
For example, in medical science, applications are blood flow through an artery under 
some pathological situations when fatty plaques and blood clots are formed in the 
artery. Das and Batra [3] worked on the secondary flow of a Casson fluid in a slightly
curved tube. Further, Dash et.al [4] developed a mathematical model for the analysis
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of the Casson fluid flow in a pipe filled with a homogeneous porous medium. Liepsch
et. al [8] have done an experimental analysis of the influence of stenotic geometry
on steady flow. Atherosclerosis occurs when the nature of blood flow changes from
its usual state to a distributed flow condition due to the presence of stenosis in an
artery. To understand the blood flow pattern in stenosed arteries, several researchers
have studied the flow of human blood through an arterial stenosis. The Mathematical
modelling based on blood flow through inclined stenotic arteries was studied by Zar
et. al [18]. Chakravarty and Mandal [2] have examined a theoretical formulation for
the two-dimensional blood flow through tapered arteries under stenotic conditions.
Türk et. al [16] have presented a finite element study of bio-magnetic fluid flow in
a symmetrically stenosed channel. The magnetic field can influence blood flow by
affecting its viscosity, velocity, and the movement of blood cells. Due to this cause
the magnetic fields have potential applications in medical imaging, controlling blood
flow during surgeries, treating vascular diseases, such as hypertension, by regulating
blood velocity and pressure, etc. Magnetic field is also useful in drug carriers and
magnetic particles through the blood circulatory system to a specific location, such as
tumours. A mathematical modelling of pulsatile blood flow through a stenosed artery
under effect of a magnetic field Journal of mathematical modelling was analysed by
Ahmed and Nooshin [1]. Tzirtzilakis [17] has developed a mathematical model for the
analysis of blood flow in a magnetic field. Treatment and slip effect on MHD blood
flow through a stenotic artery: A mathematical model was developed by Omamoke
and Amos [11]. Sham [14] has worked on analysis of unsteady magnetohydrodynamic
flow of blood with slip conditions in a permeable inclined stretching vessel. Kumar
and Rizvi [6] have worked on Casson fluid flow through a cylinder. Further, Kumar
et.al [7] have studied their model with a chemical reaction. Sinha and Shit [15] have
examined a theoretical formulation for electro-magneto-hydrodynamic flow of blood
and heat transfer in a capillary with thermal radiation. Further, Shit, along with Majee
[9], have carried out a numerical investigation of a fluid model based on blood and
heat transfer in a stenosed arterial segment in a uniform magnetic field. The existing
work is conducted to study the unsteady MHD blood flow effects of Casson fluid
through a stenosed artery filled with a porous medium in the presence of slip velocity
effects. The analytic solutions for the velocity of the blood profile were obtained
by applying the Laplace transform method along with the finite Hankel transform.
The graphical representation of blood velocity is discussed with the help of various
physical parameters.

2. Mathematical Formulation

The stenosis grows (abnormally and unnaturally) along with the inner wall of
the artery. The mathematical geometric model of stenosed artery constriction under
consideration is represented in Figures 1 and 2.
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Figure 1. Geometry of the non-tapered stenosed artery with various shape parameter m=2, m=4, m=8.

Figure 2. Geometry of the tapered stenosed artery with various taper angles.

In the present paper, consider (r, θ, z) be the cylindrical polar coordinate system
with r = 0 as the axis of symmetry of cylinder. Let us assume unsteady MHD
electrically conducting Casson fluid flow through cylinder of radius r0. Here the
z-axis is taken along the axis of cylinder in the vertical direction and the radial
coordinate r is taken normal to the surface. The uniform strength magnetic field B0

is applied perpendicular to the surface of cylinder. The fluid is assume to be slightly
conducting, due to this cause the magnetic Reynolds number is very small and the
induced magnetic field is negligible compare with applied magnetic field. It is also
assumed that there is no applied voltage because electric field is absent. All the
properties of fluid are assume to be constant except that of the influence of the density
variation and body force. A first order homogeneous chemical reaction is considered
with flow. Initially it is assume that the surface of cylinder as well as the fluid is at the
same temperature T∞. The species concentration in the fluid is considered as C∞ for
all t=0. At time t > 0, the temperature of the surface Tw and the concentration Cw near
the surface is constant. The equation of flow is described by Haldar [5]. The expiration
for the geometry of the stenosis is presented by Padma et al. [12]. By using the above
assumptions, the governing PDEs of the fluid motion with heat transfer within the
boundary layer are as follows:
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Equation of temperature
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with the initial and boundary conditions,

u = 0, T = T∞, t = 0
u = us, T = Tw, r = h(z), t > 0
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The mathematical expiration for geometry of the stenosis is defined as

h(z) =

{
d(z)

[
1 − η

{
bm−1(z − a) − (z − a)m

}]
f or a ≤ z ≤ a + b,
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With d(z) = r0 + ξz and ξ = tanϕ , η = δh m
m

m−1

r0b (m−1) ,
Where d(z) is the radius of the tapered arterial segment in the stenotic region, r0

is the radius of the non-tapered artery in the non-stenotic region i.e normal artery, ξ
is the tapering parameter, ϕ is tapering angle, b is the length of stenosis, (m ≥ 2) is a
parameter determining the shape of the constriction profile and referred to as the shape
parameter (the symmetric stenosis occurs for m = 2), is the origin of stenosis, u is the
velocity of Blood flow, g−the acceleration due to gravity, β− volumetric coefficient of
thermal expansion, t− time, T− temperature of the fluid, V− the kinematic viscosity,
ρ− the density, Cp− the specific heat at constant pressure, k− thermal conductivity of
the fluid, Tw− temperature of the plate atz = 0, Bo− the uniform magnetic field, K− the
permeability parameter, σ− electrical conductivity, δh is denotes the maximum height
of the stenosis located at z = a + b

m
m

m−1
. The pressure gradient ∂p

∂z at any point z along
the flow axis due to the pumping action of the heart are defined as:

−
∂p
∂z

= A0 + A1 cos(ωpt), A0 > 0 (2.5)

Where A0 is constant the amplitude of steady component of pressure gradient
respectively and A1 is amplitude of pulsatile component giving rise to the systolic
and diastolic pressure. Systolic blood pressure measures the pressure in our arteries
when our heart beats, whereas diastolic blood pressure measures the pressure in our
arteries when our heart rests between beats and ωp = 2π fp, fp is frequency of pulse.
The pressure gradient that give rise to systolic or diastolic pressure. It is evident that
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the magnitude of radical velocity is very small for low Reynolds number and mild
stenosis. Hence taking a mild stenosis δh

r0
<< 1 and two more additional conditions

(i) Reδhm
1

m−1

b << 1, (ii) r0m
1

m−1

b ∼ O
are associated with the stenosed artery model, Where Re suspension Reynolds

numbers (Ponalagusam [13]).
The following dimensionless quantities are used to transform above equations into

non-dimensional form:
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(2.6)

The dimensionless MHD model is:
Equation of motion
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ū = 0, θ = 0, for t̄ = 0.
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For simplycity Removing bars in the model, we get
∂u
∂t

=
(
A0 + A1 cos(ωpt)

)
+(1+

1
γ

)
∂2u
∂R′2

+
1
R′

(1+
1
γ

)
∂u
∂R′

+Grθ+GmC−Mu−
1
K

u (2.10)

∂θ

∂t
=

1
Pr

∂2θ

∂R′2
+

1
R′ Pr

∂θ

∂R′
(2.11)

and the boundary conditions become
u = 0, θ = 0, t = 0,
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where
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Non dimensional radial transformation R = R′
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3. Calculation of Temperature Profile

Taking Laplace transform with respect to t of the dimensionless energy equation
(2.11) subjected to the initial condition (2.13), we get
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Where θ̄(r, s) is the Laplace transform of the function θ(r, t) and s is the transformation
variable.

Then, applying finite Hankel transform of zero order to equation (3.1) and by using
condition (3.2), give
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equation (3.3), then
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4. Calculation of Velocity Profile

Taking Laplace transform with respect to t into non dimensional momentum equation
(2.10) subjected to the initial condition (2.13), we have
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Where β = (1 + 1
γ
) and ū(r, s) is the Laplace transform of the functionu(r, t) and s is

the transformation variable. Again applying finite Hankel transform of zero order to
equation (4.1) and by using condition (4.2), give
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5. Result and Discussions

The influence of various effective key parameters on the blood fluid velocity versus
radial coordinate R has been discussed graphically in Figures 3 to 9. From figure 3, it
is noted that the amplitude of the steady component of pressure gradient A0 increases
then the blood flow, the velocity increases about the centre and decreases within the
boundary region of the surface of the artery with stenosis. Systolic blood pressure
measures the pressure in our arteries when our heart beats, whereas diastolic blood
pressure measures the pressure in our arteries when our heart rests between beats.
An abnormal pressure gradient can place substantial strain on the heart, prompting
the left ventricle to enlarge and thicken as it works harder to pump blood. Over
time, this increased workload may progress to heart failure or trigger a heart attack.
Such pressure abnormalities often arise from conditions like hypertension, which
elevates arterial wall pressure, or valve stenosis, where a narrowed valve produces
a marked pressure difference across it. Furthermore, the blood velocity variation
due to conditions of high/low pressure will force the fluid to flow at a higher/lower
speed. From figure 4, it is observed that an increase in the amplitude of pulsatile
pressure gradient A1 will cause the blood flow velocity is decrease at the centre of
the artery but increase at the wall of the artery with stenosis. The influence of the
Casson parameter on the velocity profile is presented in Figure 5. From the figure
observation, fluid velocity increases as the Casson parameter increases. It is due to the
fact that the Casson parameter increases, the yield stress decreases, and the boundary-
layer thickness is reduced, leading to an overall increase in blood velocity. Due to
an increase in the height of the stenosis then the blood flow velocity decreases at the
centre of the artery but increases at the wall of the artery with stenosis (Figure 6). It
was observed in Figure 7 that the increase in the permeability of the medium leads
to a rise in blood flow velocity within the stenosed artery. The slip at the artery wall
slightly enhances the velocity, while the reduction in the permeability of the medium,
which is porous actually, controls the blood flow rate. Figure 8 demonstrates, the
velocity of blood flow decreases throughout the boundary region. This is according to
the Lorentz force that restricts blood, which is created by the applied uniform strength
magnetic field. The Lorentz force acts on the charged particles in the blood flow in the
artery, including the ions and electrons. Due to this cause the drag forces created on the
blood flow motion decrease its overall blood velocity in the arteries. The high-intensity
magnetic field creates a larger Lorentz force, and it is more significant in the reduction
in blood flow velocity. Therefore, the magnetic field plays a very important role in the
dynamics of blood flow in the arteries. So, it will be a useful tool in the identification
and treatment of several cardiovascular conditions. From figure 9, it is noticed that
an increase in the frequency of pulse then the blood flow velocity is decreases at the
centre of the artery, but an increase at the wall of the artery with stenosis.
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Figure 3. Velocity u for different values of Ao.

Figure 4. Velocity u for different values of A1.
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Figure 5. Velocity u for different values of Casson parameter.

Figure 6. Velocity u for different values of δh the stenosis height.
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Figure 7. Velocity u for different values of K permeability of the medium.

Figure 8. Velocity u for different values of M magnetic field.
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Figure 9. Velocity u for different values of wpt frequency of pulse.

6. Conclusion

The unsteady MHD blood flow through a stenosed artery filled with a porous
medium in the presence of slip velocity and without slip velocity effects has been
studied. The analytic solutions for the velocity profile were obtained by applying
the Laplace transform with the finite Hankel transform technique. The impact of
the various effective parameters on the blood flow velocity profile is examined. The
increase in the slip velocity impact decreased the blood flow velocity in arteries
because of the relative movement between the blood and the wall of the artery. The
fluid velocity increases with the increase in Casson parameter and permeability, while
it decreases when the magnetic parameter is increased. The flow of fluid decreases at
the centre and increases in the boundary of arteries with an increase in the amplitude
of pulsatile pressure gradient, height of the stenosis and frequency of pulse. But trends
are revered with the amplitude of the steady component of the pressure gradient. The
increase in the pulsatile pressure results in an increase in the velocity of the blood flow
because the heart’s work rate increases due to more blood being pumped from the heart
to the muscles in the body. These results of the MHD model have a good agreement
with other research articles (Haldar [5], Omamoke and Amos [11], Padma et. al. [12],
Sham [14]). Thus, these findings are beneficial to explore further in the applications of
biomedical engineering, pathology and the diagnosis and treatment of certain medical
issues.
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