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Abstract

This study investigates the effects of heat generation and magnetic fields on two-phase blood flow in a stenosed 
artery, focusing on the distinct regions of the core and plasma. The governing mathematical model comprises a system of 
partial differential equations (PDEs) that are transformed into a system of ordinary differential equations (ODEs) through 
similarity transformations. Analytical solutions for the velocity, temperature, and concentration profiles in both regions 
are derived using Bessel's equation. To enhance the understanding of the underlying physics, numerical simulations are 
conducted, and the results are presented graphically. The findings indicate that the presence of a magnetic field 
significantly reduces blood motion in both the core and plasma regions. This research contributes to the understanding of 
hemodynamic behavior in pathological conditions, with implications for the development of therapeutic strategies 
targeting arterial diseases.
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1. Introduction

Blood flow dynamics in arteries can be 
significantly altered by conditions such as aneurysms and 
stenosis. Arteriosclerosis, commonly known as stenosis, 
involves the narrowing of arteries due to plaque buildup 
and inflammatory processes. This vascular condition 
results from various factors, including lipid deposits 
within arterial walls and changes in tissue pathology [1-2]. 
Researchers have suggested that hydrodynamic factors 
could play a crucial role in understanding a variety of 
vascular diseases [3]. For example, Clark [4] conducted 
experiments with different stenosis models, revealing that 
as stenosis progresses, the arterial diameter experiences 
substantial reduction. The study of blood flow dynamics 
(BFD) in conjunction with magnetic fields has attracted 
significant interest due to its potential therapeutic 
applications [5-6]. Tzirtzilkis [7] explored how bio-
magnetic fluid (blood) circulation can be regulated 
through constricted pathways under the influence of 
magnetic fields. Ponalagusamy and Selvi [8] investigated 
the effects of magnetic fields and heat transfer on two-
phase blood flow models, employing both one-phase and 
two-phase models to evaluate the impact of magnetization 
[9]. Their research highlighted critical factors, such as 
lower shear stress on arterial walls and variations in 

longitudinal impedance and plug core radius. 
Magnetohydrodynamics (MHD) is the study of 
electrically conducting fluid flow within magnetic fields 
[10]. In a related study, Ali et al. [11] analyzed MHD 
blood flow by modeling blood as a Casson fluid, 
concluding that magnetic exposure reduces both blood and 
magnetic particle movement. Ponalagusamy and Selvi 
[12] further examined heat transfer in MHD two-phase 
blood flow systems. Misra et al. [13] developed a model 
treating the artery as a conduit, finding that the strength of 
an applied magnetic field can be adjusted to manipulate 
blood flow rates. Majee and Shit [14] studied the impact 
of heat transfer on MHD blood flow in stenosed arteries, 
revealing that an increase in the magnetic field parameter 
raises blood flow temperature, a finding that has 
implications for tumor hyperthermia [15].  Recent 
advancements have emphasized the use of computational 
fluid dynamics (CFD) to gain insights into blood flow in 
diseased arteries, allowing for more accurate modeling of 
complex flow behaviors and aiding in predicting disease 
progression [16-17]. Additionally, advanced imaging 
technologies, including MRI and ultrasound, have 
enhanced our understanding of blood flow distribution, 
providing valuable insights into hemodynamic changes 
associated with stenosis [18-19].
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This study aims to deepen the understanding of the 
interplay between arterial wall biology, biomechanics, and 
geometric factors by examining yield stress, stenosis 
height, and the effects of magnetic fields. By addressing 
these factors, we can improve our understanding of 
arterial diseases and their biomechanics, contributing to 
better diagnostic and therapeutic strategies [20-21]. 
Furthermore, the role of temperature in blood viscosity 
has been a topic of considerable interest. In two-phase 
blood flow models, the core region's viscosity varies with 
temperature, while the viscosity of the plasma remains 
constant throughout the process [22-23]. The governing 
non-linear partial differential equations were solved using 
the Bessel equation, demonstrating two-phase blood flow 
through a stenosed artery and illustrating the influence of 
varying parameters on flow properties [24-25]. By 
employing a two-fluid model, researchers such as Ikbal et 
al. [26] and Ponalagusamy [27] have assessed the flow 
properties of blood, comparing their findings with 
experimental data. Understanding these properties is 

crucial for developing strategies to mitigate the effects of 
stenosis and other vascular diseases [28-29]. Ultimately, 
the findings from this research are expected to provide 
insights into the mechanics of arterial disease and aid in 
the development of innovative treatment approaches that 
enhance patient outcomes [30].

In the two-phase flow of blood, the viscosity of the 
core area is temperature-dependent, whereas the viscosity 
of the plasma region is viewed as constant throughout the 
process. The Bessel equation was utilised to provide a 
solution for the governing non-linear partial differential 
equations. Two-phase blood flow through a stenosed 
artery is shown graphically, along with the impact of 
varying parameters on the flow's properties.

The link between artery wall biology, 
biomechanics, and geometric difficulties may be 
understood by studying yield stress, stenosis height, and 
magnetic field. This study helps interpret arterial disease 
and biomechanics.
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5. Conclusion

Ÿ Based on the graphic results, the following key conclusions can be drawn:

Ÿ Increased magnetic field strength leads to decreased velocity in both the central core and plasma areas, which holds 
potential implications for surgical procedures within the human body.

Ÿ The numerical findings underscore the sensitivity of two-phase fluid flow to both stenosis and magnetic fields.

Ÿ As the core layer thickens, the Reynolds number decreases, relating with increased resistance.

Ÿ Heat generation parameter tends to reduce the heat transfer process in both regions.

Ÿ Higher temperatures in both areas result from higher radiation parameters in stenosed arteries, suggesting potential 
applications in cancer treatment techniques such as hyperthermia.
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