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Abstract

This study computationally examines the magnetohydrodynamic (MHD) influence on
blood flow dynamics in a bifurcated artery with mild stenosis. An external transverse magnetic
field was used to study the complicated changes in blood flow under a constant Reynolds number
(Re = 300) and a certain level of blockage (4 = 0.51375). The mathematical model assesses
critical physiological characteristics, such as dimensionless pressure drop, wall shear stress, and
flow streamline topologies, under different magnetic intensities (M = 0, 4, and 8). The results
show that there is a direct positive relationship between the magnetic parameter and the pressure
decrease across the stenosis, parent artery, and daughter artery. Also, using the magnetic field
makes the wall shear much stronger, making both positive and negative peak fluctuations near the
geometric limits worse. Streamline visualizations are very important because they show that in
the purely hydrodynamic situation (M = 0), there are clear flow separations and recirculation
eddies downstream of the stenosis. However, adding the magnetic field stops these secondary
flows. The Lorentz force that is created helps keep things stable by reducing the number of
disturbed recirculation zones. To validate the suggested model, the current numerical results were
compared with existing literature, revealing substantial concordance. In the end, these results
show that external magnetic fields can organize and stabilize complex disturbed flow fields, even
though they increase flow resistance and local shear stress. This has important implications for

bio-magnetic therapy and the study of how cardiovascular disease progresses.
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1. Introduction
Cardiovascular diseases remain the most worldwide, and most of these disorders are

common cause of morbidity and death caused by Atherosclerosis. This disorder leads
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to accumulation of plaque such as fatty
substances, cholesterol, and cellular waste on
the walls of arteries, making them narrower,
and this process is called stenosis. Estimating
blood flow in straight arteries is relatively
easy, whereas blood flow in branching
networks is more complex.

The bifurcations, which are the points
where one vessel divides into two branch
vessels, are very important anatomical
structures plaque are likely to develop due to
flow separation, secondary flows, and areas of
low Wall Shear Stress (WSS) [1]. Stenosis
near the bifurcation point leads to the
generation of jet-like velocities, recirculation
zones, and turbulence that can accelerate
these

disease progression [2]. Studying

dynamics requires the use of complex
mathematical models that go beyond the basic
fluid mechanics. Magnetohydrodynamics
(MHD) 1is concerned with studying how
external magnetic fields affect the flow of
blood, an electrically conductive fluid made
up of ions and hemoglobin. The interaction of
the fluid with the magnetic field generates a
Lorentz force, which changes the shape of the
velocity and can be used to create MRI safer
and target drugs with magnets [3].

Bakheet and his colleagues have made
significant contributions to the mathematical
modeling of MHD blood flow in stenosed
geometries. Through their research, extremely
important insights were gained into the

behavior of non-Newtonian blood models in

the presence of magnetic fields. For example,
Bakheet et al. (2018) developed a generalized
power-law model to consider MHD blood
flow with heat transfer, which aids to
understand how blood behaves when exposed
to magnetic fields [4]. In addition, their study
of MHD micropolar blood flow demonstrated
how magnetic fields affect blood flow through
multiple stenosed arteries [5]. Their
subsequent research on the Casson fluid
model revealed that magnetic fields can
greatly reduce wall shear stress and mitigate
flow instability in regions of extreme
constriction [6].

Based on these basic investigations,
recent studies have focused on the intricate
geometry of bifurcations. To extend these
concepts to include bifurcated arteries, the
effect of heat sources on MHD flow through
stenosed Dbifurcations and elucidating 1is
investigated and the effect of magnetic factors
on temperature distribution at the flow divider
is clarified [3, 7]. Zain and Ismail (2023)
showed that magnetic fields might stabilize
irregular flow and mitigate flow reversal in
overlapping stenosis sites [8]. Similarly,
computational research by Kumar et al. (2021)
and Dubey et al. (2021) has incorporated non-
Newtonian models, like Carreau-Yasuda, into
bifurcation analysis, confirming that the
interaction of MHD and bifurcation geometry
establishes distinct stress patterns that differ
from those found in straight vessels [9-10]. In

Igbal et al. (2024) , fluid-structure interaction
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(FSI) was recently used to illustrate these
magnetic forces affect the kinetics of plaque
formation in bifurcated regions [11].

Although the current literature has
contributed to the understanding of MHD bio-
fluid dynamics, a significant gap still exists.
Previous researchers have successfully
identified the flow resistance and pressure
reduction in individual narrowed arteries
across a variety of physical situations.
including [8, 11], and [12], recent studies on
bifurcation geometries have mostly focused
on temperature distributions, velocity profiles,
and WSS.

However, there is a notable lack of
comprehensive research on the distribution of
hemodynamic pressure specifically within a
bifurcated artery influenced by MHD. Blood
pressure is one of the important physiological
measurements. Excessive pressure drop
across a bifurcation point can lead to hypo
perfusion (insufficient blood flow) in tissues
downstream, while excessive pressure
gradient may cause plaque rupture. Most
current bifurcation models do not adequately
define how the Lorentz force interacts with
the complex secondary flows at the
bifurcation point to influence the pressure
gradient. For the safety of patients with
cardiovascular implants or who are receiving
magnetic therapies, it is important to know
whether the magnetic field improves the

pressure drop caused by the stenosis.

Therefore, the main objective of this
research is to study the distinctive effect of
MHD on blood pressure and the reduction of
pressure across a stenosed bifurcation artery.
This study seeks to build a mathematical
model and numerically solve the governing
equations to create a comprehensive map of
pressure variations, leading to new insights
into the use of magnetic fields to modulate
hemodynamic pressure within complex artery

networks.

2. Governing Equations

The blood streaming is considered as
a Casson fluid with two dimensions in the
cylindrical polar coordinate system. The
governing equations of blood motion can be

written in conservative form as:

10

0

ow  Owu) ow? wu
—

ot or ox r (2)
_ Lo 1 1aUrny)  0Ew) | g2,
pox Relr or Ox

ou  ou’ Ouw) u?
—_—t—t =t —
ot or ox r

1 6P LF@(N,,)JF@(T,,)}

B por Re|lr or ox

3)
where the radial and axial dimensionless r
and x are scaled with respect to Ry. The
dimensionless axial and radial components w
and u are scaled with respect to the cross-
sectional average velocity Uy, Reynolds
number Re, the dimensionless pressure P, the

dimensionless shear stress
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7; and the Hartmann number M can be of this work is a portion of a bifurcated artery
exhibiting mild stenosis following [12, 13, 7,
18]. The functions Ri(x) and R»(x), which

defined respectively, as:

Re= PYoRo p_ P 7 :ﬂ, and M = R,B, fErepresent the inner and outer walls of the
n pUG o iz . ' .
artery, respectively (Figure 1), are given by:
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Now, the condition of Casson flow is set as:

0 it Jy*<z;
e. = 1
Y T.. Jy*¥21)
2uJ,) Y
where J; = 0.5z, 7, 1S the stress tensor in the 0

second invariant.

Here, Figurel: Geometry of bifurcated stenosed

artery model.

wJ,), J, =0.5¢,e,, 7, and n represent the

ij’
apparent viscosity, the strain tensor invariant
rate, the yield stress and coefficient of

viscosity, respectively. The geometric model



Journal of Wasit for Science and Medicine 2026: 19, (3), 1-10

2.1 Boundary Conditions

It assumed that there is no-slip
condition, meaning the blood flow velocity
components are zero at the wall. The inlet
velocity conditions for the Casson fluid may

be taken as [13].

oo [ (] |3 fe ) 2505

and u(r,0,¢)=0,

3y
the radius of the plug flow is denoted by 7. ,

and for inlet velocity we have:

§
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for steady velocity
for pulsatile velocity,

with U,(0)=0 where the angular frequency is

®, having the similar stroke volume as the

physiological stream. Using the condition
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The outlet velocities conditions are:
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The problem's boundary and initial conditions
are established as follows:

w (r,x,t)=0=u(r,x,t) onr=R,(x)

and r=R,(x),xy <x <x,.

(12)
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w(r,x,t)=u(r,x,t)=p(r,x,0)=0, forx >0

(14)

=0onr =0, 0<x<x,

2.2 Radical Transformation

The radical transformation is presented:

r—Ry(x)
R(x)

§= R(x)#0,

(15)

where the wall of the artery is immobilized in
the transformed coordinate by Ri(x) and R(x).
Using Equation (15), then Equations (1)—(3)
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Similarly, equation (15) is utilized to
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transform the conditions (12)-(14) with
£elo,1].

w(Ex,t)=U . (1—52),u(§,x,t)=0 forx =0
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The Marker and Cell (MAC) method
is used to discretize the unsteady governing
equations (16) through (18). Then we
calculated the pressure and velocities at
different points. Defining
C=jAL, x =ilAx, t =nAt and
p(&x,t)=p(jAL,iAx,nAt)=p! , where t is the
time, A¢ is the increment of 7, and Ax,A¢ are
represented the length and width of the
control volume cell (7, j) respectively.

2. 3 Governing Equations

Discretization
At the (,;) th cell, the governing

equations are discretized yield:
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with Conu;’ ; and Diffu, are the convective

and diffusive terms and they are differences in
the same manner to the w- equation of
numerical

momentum. The  complete

procedure and stability restriction have

already enclosed in [5].

3. Results and Discussion

Validating  numbers, the  study
compares results to those of Alnussairy et al.
(2025) [12]. Figure 2 shows the outcome of
the dimensionless axial velocity profile of a
Casson model that was made using the MAC
approach, which is at the point of maximum
constriction. The model observed that the
baseline Newtonian case (z = 0) perfectly

aligns with [12]. As the yield stress parameter
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( z ) increases from 0 to 1, the velocity

increases at the center of the artery.
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Figure 2: Validation of dimensionless axial

velocity with [12].

Table 1. Diminsinless pressure drop cross

the artery at different magnetic intensities.

M 0 8
Pressure cross stenosis 4.1936 | 7.5238
Pressure crosses in the 11.4638 | 16,5923

main parent

Pressure crosses in the

Jaughter artery 21.4025 | 44.3101

Table 1 shows how the magnetic
parameter (M) affects the dimensionless
pressure drop across three different parts of a
bifurcated artery: the stenosis, the main parent
artery, and the daughter artery. The data
shows that the pressure drop across all
measured portions is directly related to the
strength of the magnetic field. As the
magnetic parameter goes from 0 (no magnetic
field) to 8, the pressure drop across the
stenosis goes from 4.1936 to 7.5238, and in
the major parent artery, it goes from 11.4638

to 16.5923. The daughter’s artery is where the
pressure drop has the biggest effect. The
magnetic field makes the pressure drop more
than double, going from 21.4025 to 44.3101.
Physically, the Lorentz force is what
causes this event to happen. When an external
magnetic field is introduced to a fluid that
conducts electricity, like blood, it creates a
resistive force that opposes against the flow of
the blood. This magnetic pull slows down the
blood flow, which makes it harder for the
blood to circulate. Because of this, a much
larger pressure gradient is needed to keep the
flow rate through the narrower stenosis and
branching sections. This is why the table

shows such a large increase in pressure drops.

Dimensionless wall shear stress

X

Figure. 3: Dimensionless WSS with for M =0
and for M =8.

Figure 3 shows how the dimensionless
wall shear stress changes along the axial
distance (x) for both the hydrodynamic case
(M = 0) and the magnetohydrodynamic case
(M = 8). The graph shows that using a

magnetic field greatly increases the size of the
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wall shear stress changes. At the first big
change (about x = 40), the positive wall shear
stress goes up a lot when the magnetic field is
present. For M = 8, it peaks at about 2.2,
while for M = 0, it peaks at about 0.4. There is
a clear area of negative wall shear stress
further downstream, between x = 80 and x =
100. The magnetic field makes this negative
peak much stronger, dropping it to around -
4.0 for M = 8. In the non-magnetic case (M =
0), the dip is much shallower, about -0.6.

N —M=0
- - -m=3] |

35 -

-40

Figure 4: Variation of wall pressure for M

with along axial X position.

Figure 4 demonstrates the variation of
dimensionless wall pressure along the artery
for M=0 and M=8. Both profiles start at the
inlet x=0 with zero value and experience a
substantial drop into negative values as the
blood flows downstream. The presentation of
the magnetic field significantly increases the
magnitude of the pressure drop. For M=0, the
wall pressure decreases and oscillates slightly
around -15. In contrast, when the pressure
drop is greatly steeper and more severe,
approximately oscillating between -30 and -
37 downstream. This shows that an increase
in M

significantly enhances the flow

resistance, causing a higher pressure to drop

along the artery.

Figure 5: Streamline of blood flow patterns

in parent and daughter artery for varying M.

Figure 5 presents the streamline
contours of blood flow in the parent and
daughter arteries under varying magnetic
intensities (M = 0, 4, and 8), maintaining a
constant Reynolds number (Re = 300) and an
occlusion parameter (¢ = 0.51375). In the

non-magnetic case (M = 0), prominent
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recirculation zones (vortices or eddies) are
clearly visible downstream of the stenosis and
near the outer wall of the bifurcation. As the
magnetic parameter is introduced and
increased to M = 4 and subsequently to M =
8, these secondary recirculation zones are
progressively suppressed. At the highest
magnetic intensity (M = 8), the flow
separation is heavily minimized, and the
streamlines become significantly smoother
and more aligned with the geometry of the
arterial walls. As a result, the magnetic field
stabilizes the blood, making it easier for it to

overcome the adverse pressure gradient and

making the overall flow more organized and

streamlined  through  the  complicated
geometry.
4. Conclusion
This research computationally

investigated MHD effects on blood flow in a
bifurcated artery presenting mild stenosis. W
can come to several important conclusions.
Increase in Pressure Drop: A transverse
magnetic field greatly increases flow
resistance. As a result, the dimensionless
pressure drops across all parts of the artery,
including the stenosis, the primary parent
artery, and the daughter artery, increases a lot
as M increases. The branching daughter artery
has the most dramatic variations in pressure
gradient. Amplification of WSS, where the
external magnetic field significantly modifies

the distribution of shear stress along the artery

walls. Because of the magnetic field (M = 8),
the velocity gradients near the boundary get
steeper. This causes very large positive and
negative peak fluctuations in wall shear stress,
especially in areas where the geometry
throat and

changes, such the stenosis

bifurcation areas. Preventing Flow
Separation: Streamline visualizations show
that when there is no magnetic field (M = 0),
the post-stenotic and bifurcation areas are
quite likely to have flow separation and
recirculation eddies. When a strong magnetic
field is added, though, it creates a resistive
Lorentz force that effectively dampens these
changes in speed. When the magnetic
parameter goes up to M =4 and M = 8, the
secondary recirculation zones get smaller,

which makes the flow pattern more stable and

structured.
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