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Abstract: 
When an artery becomes narrow because of plaque builds up inside it, then arterial stenosis 

forms leading to serious health problems like high blood pressure, stroke, and heart attacks. 
Therefore, scientists are very interested in studying MHD blood flow in narrowed arteries, especially 
when nanoparticles are added as it has many biomedical applications. Blood behaves like a weak 
electrical conductor, and it does not flow like normal liquids as it is non‑Newtonian. When a magnetic 

field is applied, it changes how blood moves-its speed, pressure, and the force on the artery walls. 
With the addition of nanoparticles help blood carry heat better and makes drug delivery more 
effective. The present review gives a simple explanation of research on magnetohydrodynamic blood 
flow in narrowed arteries incorporating nanoparticles. It describes diverse blood‑flow models, 
significant physical factors, and numerical methods used in recent studies. It also explains how 
magnetic fields and nanoparticles affect blood flow, heat transfer, and biomedical applications, e. g. 
magnetic drug targeting and hyperthermia treatment. Finally, it talks about current challenges and 
future research directions to help improve heart‑related diagnosis and treatment.  

Keywords: MHD, Nanofluid Flow, Stenosed artery, Heat Transfer, Nanoparticles, Porous Media. 

Introduction: 
Cardiovascular illnesses continue to be one of the primary reasons of mortality 

worldwide, and arterial stenosis is one of the maximum huge pathological conditions 
affecting blood move. Stenosis refers back to the narrowing of arteries because of the 

buildup of cholesterol, fatty substances, calcium, and fibrous tissues on the arterial walls, 

main to obstruction of blood float and extended vascular resistance [1]. The reduction in 

arterial diameter alters ordinary hemodynamic conduct, resulting in extended blood 

pressure, reduced oxygen supply to tissues, and improved chance of intense cardiovascular 

headaches together with myocardial infarction, stroke, and high blood pressure [2]. 

Therefore, the examine of blood float via stenosed arteries has end up to a crucial studies 

location in biomechanics, biomedical engineering, and implemented arithmetic. In current 

years, the utility of magnetic fields in biomedical engineering has attracted huge interest. 

Since blood consists of electrically accomplishing ions and iron-containing hemoglobin 

molecules, it behaves as a weakly conducting fluid beneath the have an effect on of an 
outside magnetic discipline [3]. The collaboration between the magnetic subject and blood 

flow produces Lorentz force, which impacts blood speed, stress distribution [4]. MHD field 

have critical biomedical applications in magnetic drug focused on cancer remedy, magnetic 

resonance imaging (MRI), hyperthermia treatment, and blood flow manipulate at some stage 

in surgical tactics [5]. More strong magnetic fields usually decrease blood velocity whilst 

enhancing thermal shipping and changing hemodynamic residences in stenosed arteries [6]. 

Nanoparticles have unique thermal, magnetic, and biomedical applications because of their 

nanoscale dimensions [7]. When nanoparticles are suspended in blood or different base 

fluids, they shape nanofluids with better thermal conductivity and healthier heat transfer 

characteristics [8].   
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Although a large diversity of research is available on either MHD blood float or blood flow with nanoparticles 

separately, wide-ranging opinions combining the consequences of magnetic fields and nanoparticles in stenosed arteries 

stay limited [9]. Hereafter, the current overview targets to offer a thorough evaluate of magnetohydrodynamic blood 
float through stenosed arteries containing nanoparticles. The evaluation deliberates separate rheological models, 

stenosis geometries, governing physical parameters, numerical methods, and biomedical uses associated with MHD 

nanofluid flow.  

 

 

 

 

 

 

In spite of the large volume of literature available on blood flow in stenosed arteries, a comprehensive review 

integrating the effects of magnetic fields and nanoparticles is still restricted. Most previous studies focus distinctly on 
either MHD blood flow or nanofluid blood flow, while fewer investigations widely summarize their combined 

biomedical significance [10].  

Therefore, the present review purposes to offer a detailed overview of MHD blood flow through stenosed arteries with 

different nanoparticles. The review discusses the mathematical models, physical mechanisms, governing parameters, 

numerical techniques, and biomedical applications associated with this field. In addition, the review highlights recent 

developments, existing challenges, and potential future research directions for improving therapeutic and diagnostic 

technologies in cardiovascular medicine. 

1. Blood Flow Studies in stenosed Arteries 

Blood is a complex suspension of plasma, red blood cells, white blood cells, platelets, and proteins, and its rheological 

conduct differs drastically from that of regular Newtonian fluids. Blood flow via stenosed arteries has been one of the 

supreme appreciably studied topics in biomedical fluid mechanics due to the fact that stenosis drastically alters the 

regular hemodynamic conduct of blood circulation. Stenosis occurs because of the deposition of fatty plaques, 
cholesterol, calcium, and fibrous tissues alongside the arterial walls, inflicting narrowing of the artery lumen. This 

narrowing will increase resistance to blood glide and disturbs the normal pace distribution, pressure gradient, and wall 

shear pressure in the artery [11]. Such hemodynamic disturbances are strongly associated with critical cardiovascular 

sicknesses such as high blood pressure, stroke, ischemia, and myocardial infarction [12]. Therefore, expertise blood 

waft characteristics in stenosed arteries is important for early diagnosis, treatment planning, and the development of 

biomedical devices. To appropriately constitute blood rheology, numerous mathematical models inclusive of Casson, 

Carreau, Herschel–Bulkley, Jeffrey, micropolar, Bingham, and strength-regulation models had been broadly used in 

stenosis studies. Among those, the Casson and Carreau models are regularly applied due to the fact they correctly 

describe yield strain and shear-thinning conduct of blood [13]. Some studies additionally take into account blood as a 

Newtonian fluid in large arteries where shear prices are sufficiently high [14]. Experimental investigations of blood 

drift in stenosed arteries are frequently difficult due to the fact lead dimension of hemodynamic parameters which 
includes wall shear strain, float separation, recirculation zones, and stress distribution underneath physiological 

situations is noticeably tough [15]. In vivo measurements are restrained by medical constraints, whilst in vitro 

experiments may additionally involve measurement errors and simplified geometries. Consequently, mathematical 

modeling and computational fluid dynamics (CFD) strategies have come to be effective equipment for reading blood go 

with the flow conduct in stenosed arteries.  Researchers have investigated specific arterial geometries together with 

moderate stenosis, intense stenosis, overlapping stenosis, a couple of stenoses, tapered arteries, bifurcated arteries, 

uneven stenosis, and post-stenotic dilatation fashions [16]. Severe stenosis may also form recirculation areas and float 

separation downstream of the constricted place, that can make a contribution to thrombosis and plaque rupture [17]. 

To solve the complicated governing equations connected with blood flow thrugh stenosed arteries, several analytical 

and numerical methods had been employed. Analytical strategies include perturbation method, Laplace transforms 

method, Hankel transforms, Adomian decomposition techniques (ADM), and homotopy perturbation methods whereas 

numerical methods include finite difference strategies (FDM), finite element methods (FEM), Crank–Nicolson 
schemes, alternating path implicit (ADI) techniques, and computational fluid dynamics simulations are substantially 

used for greater realistic biomedical fashions [18,19,20]. These processes assist expect clinically big parameters along 

with wall shear stress, impedance resistance, temperature distribution, nanoparticle concentration, and velocity profiles. 
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Table 1: Blood Flow Studies in stenosed Arteries 

Flow Types Fluid types 
Analytical/Numeri

cal Methods 
Key Findings Authors 

Unsteady Incompressible 
Homotopy 

Perturbation 

Method (HPM) 

Viscosity increases with boundary 
slip conditions with the height of 

stenosis. High value of 
thermophoresis parameter decreases 

the value of velocity. Shearing 
stress also increased with the height 

of stenosis. 

Ellahi R et al., (2014) 
[21] 

 

Steady 
 

Newtonian, Viscous, 
& 

Single-phase model 

Homotopy 
Perturbation 

Method (HPM) 

Velocity decreased by Magnetic 
field and increased by shearing wall 

stress.  Higher Hartmann number 
creates recirculation zones. 

Changdar S et al., 
(2017) [22] 

Laminar 
 

Newtonian 
Incompressible 

Theoretical 
Investigation 

 

Velocity and drug delivery 
develops hybrid nanofluid 

efficiency compared with pure 
blood. 

Shahzadi I et al., 
(2020) [23] 

Unsteady 
Casson fluid, 

Incompressible & 
Non-Newtonian 

Laplace Transform 
& 

Finite Hankel 
Transform 

 

Reynolds number increases the 
velocity; Hartmann number also 

decreases with Casson parameter. 
Fow behaviour Strongly influenced 

by fractional parameter. 

Jamil D F et al., 
(2021) [24] 

Steady 
 

Bio 

magnetic hybrid 
nanofluid 

FTCS finite 
difference scheme 

Magnetic Lorentz force slows the 
fluid motion. Stronger buoyancy 

(higher Grashof number) speeds up 
the flow. Hybrid nanoparticles 

enhance wall shear stress and heat 
transfer more than single Cu ones. 

Basha H Tet al., 
(2022) [25] 

Unsteady 
Casson fluid, 

Incompressible & 
Non-Newtonian 

Direct Integration 

Velocity drops as stenosis peak 
increases. It rises while dilatation 
height grows. Magnetic discipline 
and inclination attitude similarly 

raise pace. 

Dhange M et al., 
(2022) [26] 

Unsteady Incompressible Perturbation method 

Magnetic field decrease the value of 
Velocity, but increases with 

permeability and fraction of 
nanoparticle. 

Dawood A S et al., 

(2023) [27] 

Steady, 

laminar 
 

Newtonian, 
Incompressible 

Homotopy 

Perturbation 
Method (HPM) 

Velocity increased by Magnetic 
field but reduced by variable 

thermal conductivity also develops 
by heat transfer. 

Dolui S et al., (2023) 
[28] 

Unsteady, 
Laminar 

Casson fluid, Non-
Newtonian model 
with yield stress 

Crank–Nicolson 
finite difference 

Nusselt number increases with CuO 

nanoparticle diameter; magnetic 
field enhances heat switch, electric 

subject reduces it; permeability 
alters speed and temperature 

distribution. 

Gandhi R et al., 
(2023) [29] 

Unsteady 

 

Newtonian., 

Incompressible 

Finite difference 

Method 

Velocity increases at start of 
stenosis then decreases closer to 
mid-point; pressure is most at 

stenosis onset and decreases along 
axis; aneurysm reasons speed rise 

then fall. 

Hussain A et al., 

(2023) [30] 

Steady, 
laminar 

 

Newtonian, 
Incompressible 

Laplace and Hankel 
transforms 

Boundary Slip conditions for 
velocity supports blood and reduces 

skin friction; Au nanoparticles 
develop speed of heat transfer 

Azmi W F W et al., 
(2024) [31] 

Laminar 

 
Micropolar 

Crank–Nicolson 
finite difference 

Method 

Porosity drastically influences 
velocity and heat transfer; better 
porosity reduces resistance and 

enhances heat dissipation. 
 
 
 

Salahuddin, T et al., 
(2025) 
[32] 
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Steady and 
Pulsatile 

Newtonian with 
viscoelastic 

Three-dimensional 
numerical CFD 
simulations with 
sPTT model with 

the rheology data of 
experiment 

Newtonian model overestimates 
strain drops and WSS; viscoelastic 

version shows shorter but more 
turbulent jets; viscoelasticity alters 

vortex systems and improves 
physiological accuracy. 

Chauhan A et al., 
(2026) [33] 

Steady 
 

Incompressible 
Homogeneous, 

Newtonian 

Finite Element 
Method (FEM) 

Nusselt wide variety accelerated 
notably with better Reynolds wide 

variety and Hartmann variety 
Hybrid nano fluids enhanced 

thermal conductivity and 
convective heat switch. 

Shafique U et al., 
(2026) [34] 

Laminar 
 

Non-Newtonian 
(power-law, Casson, 

Carreau–Yasuda) 
CFD Simulations 

Stenosis impact dominates the 

stress drop and shearing wall stress; 
also, guidewire decreases 

recirculation zones but increases 
stenotic pressure drop. 

Wang J et al., (2026) 
[35] 

 

2. Magnetohydrodynamics (MHD) Blood Flow Studies in Stenosed Arteries 

In biomedical engineering, blood is considered a weakly conducting fluid as it includes ions, electrolytes, and iron-

containing hemoglobin molecules. When an external magnetic subject is applied to blood waft, electromagnetic forces 

are generated, which significantly have an impact on the hemodynamic behavior of blood stream in arteries [36]. The 

interaction between the magnetic subject and electrically accomplishing blood produces a resistive force called the 

Lorentz force, which alters blood pace, stress distribution, wall shear stress, and warmth switch characteristics [37]. 
The usefulness of MHD ideologies in stenosed artery studies has attracted wide-ranging attention because stenosis 

already disturbs ordinary blood stream through narrowing the arterial wall. The blended consequences of stenosis and 

magnetic fields is important in cardiovascular sicknesses and biomedical remedies [38]. Outside magnetic fields 

generally decrease axial blood pace due to the contrasting Lorentz force. This discount in speed growths go with the 

flow resistance and might alter pressure gradients and wall shear pressure in the stenosed region [39]. Such variations 

are clinically significant due to the fact that unusual wall shear strain is strongly related to plaque rupture, thrombosis, 

and further development of arterial sicknesses [40]. Heat transfer effects are also vital in MHD blood flow research due 

to the fact that magnetic fields can impact temperature distribution within blood vessels. Numerous researchers have 

encompassed thermal radiation, viscous dissipation, Joule heating, and chemical reactions into their mathematical 

models to look at biomedical applications including hyperthermia treatment and cancer remedy. Studies specify that 

more potent magnetic fields usually upsurge blood temperature due to energy dissipation while simultaneously 

decreasing fluid velocity [41]. On the other hand, oscillatory flow via arteries has been significantly investigated by 
using many researchers under various physiological and pathological conditions [42]. Severe stenosis may additionally 

purpose essential glide situations of blood with the aid of reducing the blood supply and resulting in extreme effects 

known as carotid artery blockage which is one of the principle contributing elements to strokes. This is because while 

the plaque hardens and narrows down the arteries completely, the blood deliver and oxygen to the mind are reduced. 

Without right blood or oxygen deliver, the cells in the mind start to die. This ends in the loss of mind characteristic and 

permanent mind harm or the death of an person. However, the possibilities of growing carotid artery sickness may 

additionally growth because of carotid aneurysm disease, fibromuscular dysplasia, or diabetes. In positive instances, 

plaque built up inside the arteries can damage off, journey through the bloodstream, and buy lodged in some blood 

vessels in the brain [43]. The viscosity of the blood is believed to be varying radially with hematocrit all through the 

place of the artery. Momentum and strength equations of the fluid float are simplified underneath the assumption of 

moderate stenosis. For having the adequate perception of the glide pattern within the diseased artery, velocity contours 
have been plotted for distinctive values of the peak of the stenosis and for different inclination angles of the artery [44]. 

Overall, MHD blood flow studies in stenosed arteries provide crucial insights into cardiovascular hemodynamics and 

biomedical engineering packages. Atherosclerosis is an arterial ailment as a result of accumulative plaques main to the 

malfunction of the cardiovascular machine. Such plaques or arterial stenoses disturb normal blood flow via the artery a 

good way to main to heart assault. Since coronary artery disorder might also have multiple sites of narrowing, a few 

attentions have been devoted to examining the have an impact on of more than one stenoses on coronary float, each 

experimentally and numerically [45]. 
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Table 2: MHD Blood Flow Studies in Stenosed Arteries 

Flow Type Fluid Types Method Key Findings Authors 

Unsteady, 

Laminar, 

Newtonian 

fluid, 

Incompressi

ble 

 

Peaceman–

Rachford 
Alternating 

Direction Implicit 

(ADI) scheme 

with finite 

difference 

discretization. 

 

Increasing magnetic field reduces 

axial velocity (Lorentz pressure 

damping). Wall shear strain will 
increase with stronger magnetic 

discipline. Nusselt quantity (warmth 

transfer rate) also increases with 

magnetic subject. Higher Reynolds 

number decreases wall shear pressure 

but complements Nusselt wide 

variety. 

Majee S et al., 

(2017) [46]. 

Steady, Laminar 

Newtonian, 

Incompressi

ble 

Homotopy 

Perturbation 

Method (HPM) 

Velocity field decreases with 

Magnetic field strength, Hematocrit 

(viscosity boom) Inclination 

perspective. Stenosis height increases 

with porosity, chemical reaction 
parameter. 

B. Tripathi and 

B.K. Sharma 

(2018) [47] 

 

Steady 

Third-grade 

Non-

Newtonian 

Regular 

Perturbation 

method. 

Magnetic subject intensity (H): 

Increases both velocity and 

volumetric flow charge, while 

decreasing resistance. 

Shear thinning (A): Enhances speed 

and go with the flow price, reduces 

resistance. 

Shear thickening (Q₂): Decreases 

speed and go with the flow price, will 

increase resistance, potentially 

leading to higher cardiac strain. 

Ikpakyegh L N 

et al., (2018) 

[48] 

 

Unsteady 

Two-phase 
fluid: 

Core region 

containing 

RBCs. 

Plasma 

region 

forming a 

cell-depleted 

layer near 

the arterial 

wall. 

Both core 
and plasma 

regions are 

treated as 

Newtonian 

fluids. 

Analytical 

solutions obtained 

using Bessel 

functions. 

 

The -phase model aligns more 

intently with experimental data than 

the single-phase version, displaying 

decrease suggest squared error 

(zero.Three% vs. 1%). 

Velocity decreases with increasing 

magnetic discipline electricity (M = 

zero.Five → three), confirming 
Lorentz force opposition to float. 

Tripathi B et al., 

(2018) [49] 

Laminar, 

unsteady 

Non-

Newtonian, 

elastico-

viscous, 

incompressi

ble, 

electrically 
conducting 

fluid. 

 

 

 

Laplace 

transformation 

and finite Hankel 

Slip pace: Enhances axial speed and 

volumetric glide rate, even as 

reducing wall shear stress at the 

stenosis throat. 

Body acceleration: Moderate values 
boom speed and go with the flow fee; 

very high values reverse the effect. 

Nandal J et al., 

(2019) [50] 
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Laminar, 

unsteady 

Two-phase 

fluid: 

Core region 

(RBC-rich, 
viscosity 

depends on 

temperature)

. 

Plasma 

region (cell-

free, 

constant 

viscosity) 

 

Shooting method 

with Newton’s 

root-finding 

method. 

 

Magnetic field (M): Increasing 

magnetic area electricity decreases 

pace in both areas, more strongly 
within the middle (because of RBC 

magnetization). Temperature will 

increase due to the fact Lorentz 

pressure slows flow, producing 

warmness. 

Stenosis height (δ): Higher stenosis 

reduces velocity in maximum 

regions, although pace close to the 

artery middle can increase barely. 

Tripathi B et al., 

(2019) 

[51] 

Unsteady, 

Laminar 

Incompressi

ble, 
electrically 

conducting, 

Non-

Newtonian 

Casson 

Finite difference 

method. 

 

Investigated Mgnetohydrodynamics 

results on unsteady blood waft 
modeled as a Casson Fluid Model 

thru an overlapping stenosed artery. 

Used the finite difference technique 

with the pressure correction and 

MAC set of rules to solve the 

nonlinear governing equations. 

Bakheet A  et 

al.,(2021) 

[52]. 

Unsteady 

Casson fluid, 

Incompressi

ble & Non-

Newtonian 

Laplace 

Transform & 

Finite Hankel 

Transform 

 

Velocity will increase with time, 

Reynolds wide variety, Casson 

parameter. 

Temperature is strongly tormented by 

Fractional parameter 

Thermal radiation Metabolic heat 

supply  Fractional version offers 
better description of memory/non-

nearby consequences in blood float. 

Jamil D F et 

al.,(2023) 

[53]. 

Unsteady 

Non-

Newtonian, 

incompressi

ble, viscous, 

and 

electrically 

conducting 

fluid. 

Power series 

(Frobenius) 

method. 

 

Chemical response: Increases 

viscosity, decreases speed, 

acceleration, shear stress, Increases 

volumetric glide fee 

Magnetic field (MHD impact): 

Decreases pace, acceleration, shear 

stress, and flow price due to Lorentz 

force 

 

 
 

Omamoke, E., 

& Amos, E. 

(2023) [54]. 

Two-dimensional, 

Laminar 

Casson fluid 

(non-

Newtonian, 

yield stress), 

Incompressi

ble 

Analytical 

solution 

Magnetic field (M): Increasing M 

reduces axial speed due to Lorentz 

pressure damping. 

Darcy range (Da): Higher Da 

enhances velocity, showing porous 

medium permeability aids flow. 

Shankar, G et 

al., (2024) [55]. 

Laminar, 

Axisymmetric 

Bingham 

Non-

Newtonian 

fluid, 
Incompressi

ble. 

 

Explicit Finite 

difference 
method. 

Higher Bingham numbers enhance 

the fluid's ability to overcome yield 

stress, leading to greater stable and 

increased go with the flow through 

constricted areas in stenosed arteries. 

Increased Hartmann numbers from 
magnetic fields bring about a 

damping impact, which reduces both 

velocity and drift price at the same 

time as increasing impedance. 

 

Zeeshan A et 

al., (2025) [56]. 
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Laminar fluid 

with 

axisymmetric 
flow 

Non-

Newtonian, 

Incompressi
ble fluid 

Transformation 

techniques. 

Solutions 
expressed using 

Bessel functions. 

Magnetic subject (M) growing 

magnetic field energy decreases axial 

velocity, pulling down the rate 

profile. Higher porosity to start with 
will increase blood waft, permitting 

simpler particle motion. 

Rawat K et al., 

(2025)[57]. 

unsteady, 

axisymmetric. 

Casson fluid 

(non-

Newtonian 

with yield 

stress), 

Incompressi

ble 

Laplace 

Transform 

technique 

Finite Hankel 

Transform 

 

Pressure gradient outcomes: 

Higher systolic strain gradient 

improved blood pace. 

Diastolic gradient slower speed. 

Magnetic field outcomes: 

Stronger magnetic discipline (higher 

Hartmann wide variety) → decreased 

blood speed and particle motion 

because of Lorentz pressure. 

Patel P et al., 

(2025)[58]. 

Axisymmetric, 

steady 

Incompressi

ble 

Newtonian 

Adomian 

Decomposition 

Method (ADM). 

 

Axial pace increases with higher 

Reynolds quantity and permeability, 
mainly at low stenosis heights. 

Magnetic discipline (Hartmann 

number) suppresses axial speed 

because of Lorentz pressure, with 

more potent damping at higher 

stenosis heights. 

Farooq J et al., 

(2025) [59]. 

Unsteady, 

laminar, 

axisymmetric 

Newtonian 

 

Laplace transform 

and Concentrated 

Matrix 

Exponential 
(CME) method 

Increasing Hartmann variety 

decreases blood speed due to Lorentz 

pressure. Thermal radiation will 

increase blood temperature 

considerably.  Ternary nanofluid 

improves warmness switch extra than 
unmarried/binary nanoparticle 

structures. Magnetic area angle 

strongly influences each velocity and 

temperature. 

He J H et 

al.,(2025)[60]. 

 

3. Magnetohydrodynamics (MHD) Flow with Nanoparticles Studies in Stenosed Arteries 

MHD blood embedded with nanoparticles in stenosed arteries has appeared as a vital study in biomedical engineering, 

fluid mechanics, and cardiovascular disease [61]. Stenosis refers to the strange narrowing of arteries as a result of the 

buildup of fatty plaques and cholesterol deposits on arterial walls, which disturbs ordinary blood circulate and will 

increase cardiovascular dangers [62,63]. To improve the information of complicated physiological phenomena, 

researchers have merged magnetic field effects and nanoparticles into blood float models [64]. 

Blood behaves as a weakly electrically undertaking non-Newtonian fluid because of the presence of ions, electrolytes, 

and iron-containing hemoglobin molecules [65]. When an outside magnetic subject is implemented to blood flow, 
electromagnetic forces called Lorentz forces are generated, which dissent fluid movement and regulate the float 

characteristics. The take a look at of electrically carrying out blood glide under magnetic fields is referred to as 

magnetohydrodynamics (MHD) [66]. MHD ideas have critical biomedical programs in magnetic drug concentrated on, 

cancer therapy, hyperthermia remedy, magnetic resonance imaging (MRI), and surgical blood float manage. 

Researchers found that growing magnetic area electricity normally decreases blood velocity while increasing resistance 

impedance and wall shear stress in stenosed arteries [67]. 

In current years, nanoparticles had been substantially incorporated into blood go with the flow studies because of their 

unique thermal, magnetic, and biomedical homes [68]. Nanoparticles including gold (Au), silver (Ag), copper (Cu), 

titanium dioxide (TiO₂), aluminum oxide (Al2O3), graphene oxide (GO), and magnetic nanoparticles are widely utilized 

in biomedical packages. When suspended in blood, those nanoparticles shape nanofluids with more desirable thermal 

conductivity, progressed warmness transfer capability, and higher delivery residences. Nanoparticles appreciably affect 
blood viscosity, temperature distribution, concentration profiles, and pace behavior in stenosed arteries [69]. 

The combined take a look at of MHD results and nanoparticles in stenosed arteries gives greater sensible biomedical 

fashions for understanding cardiovascular glide phenomena. Under the impact of magnetic fields, magnetic 

nanoparticles may be guided closer to diseased arterial regions the use of magnetic concentrated on strategies. This 

technique improves targeted drug shipping performance whilst minimizing damage to wholesome tissues [70]. Gold 

nanoparticles are particularly important due to delightful thermal conductivity and biocompatibility, making them 
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appropriate for hyperthermia treatment and tumor remedy. Hybrid nanoparticles and ternary nanofluids have also been 

brought into addition as they decorate thermal performance and biomedical performance. 

Table 3: MHD) Flow with Nanoparticles Studies in Stenosed Arteries 

Flow Type 
 

Fluid Types 
Nano 

Particles 
Method Key Findings References 

Unsteady 

laminar 

Incompressible 

&; non-

Newtonian 

power-law fluid 

model 

Copper 

(Cu) 

Finite difference 

method (FTCS) 

Nanoparticles increase axial 

pace; magnetic area 

suppresses pace; temperature 

and concentration adjustments 

are smaller beneath magnetic 

area; relevant to magnetic 

centered nano-drug transport. 

Tripathi J et 

al., (2022) 

[71]. 

Two-

dimensional, 

pulsatile, 

laminar. 
 

 

Incompressible 
Nano 

Particles 

Analytically 

using the Yang 

Transform 

Homotopy 

Perturbation 
Method 

(YTHPM). 

 

Increasing the magnetic field 

parameter (M) decreases 

blood velocity and flow rate 

because the Lorentz force 

opposes blood motion. 
Wall shear stress and flow 

resistance increase with 

stronger magnetic fields. 

Al‐Griffi et 

al.,(2023) 

[72]. 

Laminar 

Incompressible 

& Newtonian 

ferromagnetic 

Cu–Ag–

Au ternary 

hybrid 

nanoparticl

es. 

Homotopy 

perturbation 

method. 

Magnetic force reduces pace 

and magnetic discipline 

enlargement; tri hybrid 

nanoparticles are greater 

powerful than hybrid/single 

nanoparticles in reducing 

hemodynamic elements. 

Dolui S et 

al.,(2023) 

[73] 

Steady Newtonian 

Au–Ag 

hybrid 
nanoparticl

es 

Similarity 
transforms → 

ODEs 

Dual answers located; 

simplest upper branch solid; 

entropy increases with 
magnetic subject, curvature, 

radiation; Au–Ag 

nanoparticles enhance 

conductivity and balance. 

Mandal G et 
al., (2024) 

[74] 

Laminar 
Non-Newtonian 

fluid 

GO Nano 

particles 

Shooting 

method 

Velocity rises with Brinkman 

number (thermal dissipation); 

higher Weissenberg number 

reduces velocity; GO 

nanoparticles improve 

conductivity and drug delivery 

potential. 

Alam M N 

et al., (2025) 

[75] 

Laminar, 

axisymmetric, 

unsteady 

Non-Newtonian, 

Incompressible,

Casson 

nanofluid 

Gold (Au) 
Finite difference 

Method 

Velocity will increase with 
electro-osmotic results and 

nanoparticle concentration; 
speed decreases with magnetic 

field strength; Vogel viscosity 
model predicts better speed than 

Reynolds version; beneficial for 
centered drug shipping. 

El Glili, I et 

al., (2025) 

[76] 

Unsteady, 

axially 
symmetric 

Bingham–

Papanastasiou,I
ncompressible 

fluid 

Au, Cu, 

Al₂O₃, 
TiO₂); 

Laplace & 

Hankel 
transforms 

External magnetic field 

reduces mobility; radiation 

enhances heat transfer; 

entropy production rises with 

MHD and body acceleration. 
 

 

 

 

 

Guedri K et 

al.,(2025) 
[77] 



 

Journal of Research and Development 
A Multidisciplinary International Level Referred and Double Blind Peer Reviewed, Open Access 

 ISSN : 2230-9578 |  Website: https://jrdrvb.org  Volume-18, Issue-6| June-2026 
 

137 

Unsteady 

Laminar 

Incompressible 

MHD fluid 

Gold (Au) 

and 

Copper 

(Cu) 

Laplace 

transform; 

inverse Laplace 

transform 
solved 

numerically 

using 

Concentrated 

Matrix 

Exponential 

(CME) method 

Velocity and temperature 

increase with growing 
fractional parameter and 

Eckert number; Hartmann 

quantity reduces velocity 

however increases 

temperature. 

Imoro I et 

al., (2025) 

[78] 

Laminar, 

Unsteady 

 

Incompressible, 

Non-Newtonian 

Gold (Au) 

+ Copper 

(Cu) 

 

Laplace 

transform 

method is used 

to obtain partial 

analytical 
solutions. 

Due to complex 

Bessel 

functions, 

Concentrated 

Matrix 

Exponential 

(CME) method 

is used for 

numerical 

inversion. 

Fractional parameter (α): 

Increases speed, temperature, 

pores and skin friction 

Magnetic parameter (Ha): 

Decreases velocity 

Increases temperature. 

Imoro I et 

al.,(2025) 

[79] 

Incompressibl

e two-

dimensional 

blood flow 

 

Magnetohydrod

ynamic (MHD) 

peristaltic fluid 

 

Copper 
and 

Aluminiu

m oxide 

nanoparticl

es (Cu-

Al2O3) 

Perturbation 

technique 

Hybrid nanoparticles reduce 
wall shear stress, enhance 

axial velocity, improve heat 

transfer; magnetic field 

regulates flow; peristaltic 

motion aids transport in 

stenotic arteries. 

Prasad K V 

et al., (2025) 

[80] 

Axisymmetric 

flow 
micropolar fluid 

Nanopartic

les 

Homotopy 

Perturbation 

Method (HPM). 

Magnetic field increases 

resistance, decreases shear 

stress; dilatation reduces 

resistance; viscosity and 

porosity strongly affect flow. 

Satwai N et 

al., (2025) 

[81] 

Unsteady 

laminar flow 

non-Newtonian 

fluid 

 

 

Ag–TiO₂ 

Explicit Finite 

Difference 

Method 

Hybrid nanoparticles increase 

speed (41% in irregular 
stenosis); wall shear stress 

higher in abnormal stenosis; 

viscous dissipation, Joule 

heating, radiation strongly 

affect waft.S 

Yadav P K 

et al., (2025) 

[82] 

Unsteady 

magneto-

hydrodynamic 

(MHD) flow 

Incompressible 

Casson fluid 

Cu, Au, 

Al₂O₃ 

Laplace and 

Hankel 

transforms. 

Velocity decreases with 

radiation and magnetic field; 

porosity enhances velocity; 

fractional parameter reduces 

velocity and temperature 

(memory effect). 

Yakubu D G 

et al., (2025) 

[83] 

Unsteady 

magneto-

hydrodynamic 
(MHD) flow 

Newtonian fluid Gold (Au) 

Collocation 

method; ANN 

trained on 
numerical data. 

Higher Pr reduces thermal 
boundary layer; viscous 
dissipation (high Ec) increases 
temperature; Au nanoparticles 
decorate conductivity and heat 
switch; ANN predictions in shape 
numerical effects 

Gurejala J R 

et al., (2026) 

[84] 
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unsteady, 
laminar 

 

Bi- 
Newtonian 

fluid. 

 

 

 

 
 

Gold 

nanoparticl

es 

Numerically 

using the 

Forward Time 
Centered Space 

(FTCS) finite 

difference 

method. . 

Gold nanoparticles expanded 

the blood pace by means of 

13.Eighty five% and 

temperature by using 5.64% 
inside the stenosed place. 

Increasing the Darcy range 

more suitable blood pace 

because of higher 

permeability. 

Yadav P. K 
et al., (2026) 

85] 

 

 

Conclusion 

1. The aspect at of MHD blood flow with nanoparticles in stenosed arteries has become crucial interdisciplinary 

research area combining fluid mechanics, biomedical engineering, applied arithmetic, and cardiovascular 

technology.  

2. The combination of magnetic field consequences into blood float analysis has provided deeper expertise of 

electrically engaging in blood behaviour in the presence of external magnetic affects. These consequences have 
significant biomedical applications in magnetic drug focused on, most cancers therapy, hyperthermia remedy, and 

blood drift regulation throughout surgical strategies. 

3. Nanoparticles together with gold, silver, copper, titanium dioxide, graphene oxide, and hybrid nanoparticles 

augment thermal conductivity, improve performance, and targeted drug transport efficiency. Under magnetic 

subject influence, magnetic nanoparticles can be directed towards diseased arterial areas, making MHD nanofluid 

models tremendously useful for superior therapeutic applications. 

4. Numerous non-Newtonian fluid models along with Casson, Carreau, Bingham, Jeffrey, and micropolar models 

have been employed to represent the complex rheological nature of blood.  

5. Overall, this review study displays that MHD nanofluid blood flow modeling gives precious insights into 

cardiovascular hemodynamics and biomedical treatment technology. The mixed effects of magnetic fields, 

nanoparticles, and non-Newtonian blood rheology make contributions substantially to the improvement of 

advanced diagnostic strategies, centered drug transport structures, hyperthermia healing procedures, and 
cardiovascular treatment techniques. Future research may additionally give awareness on affected person-particular 

artery geometries, synthetic intelligence-assisted simulations, multi-scale modeling, fractional-order structures, and 

experimental validation to beautify the accuracy and scientific applicability of MHD nanofluid blood drift studies 

in stenosed arteries. 

Limitations and Future Work:  

Future studies on magnetohydrodynamic (MHD) blood flow with nanoparticles in stenosed arteries may be extended in 

numerous essential instructions to enhance the realism, accuracy, and biomedical applicability of present mathematical 

models. 

1. Patient Specific Arterial Geometry: 

Most contemporary studies take into account simplified arterial geometries including symmetric or moderate stenosis 

fashions. Future studies can cognizance on patient-unique artery geometries gained from medical imaging strategies 
including MRI, CT scan, and ultrasound imaging to produce more sensible cardiovascular simulations. 

2. Three-Dimensional Blood Flow Analysis: 

Present investigations are based on one-dimensional or two-dimensional assumptions. Future studies may comprise full 

3-dimensional simulations to better understanding of flow structures, recirculation zones, and secondary waft results in 

stenosed arteries.  

3. Advanced Non-Newtonian Blood Models: 

Blood exhibits highly complicated rheological behavior below exclusive physiological situations. Future studies can 

assign greater superior non-Newtonian fluid models, such as viscoelastic, fractional-order models, to symbolize blood 

flow correctly.  

4. Artificial Intelligence and Machine Learning Techniques: 

AI-assisted computational models and system learning algorithms may be incorporated with CFD simulations to expect 
hemodynamic behavior, optimize remedy parameters, and improve diagnostic accuracy for cardiovascular diseases.  

5. Nanoparticle Optimization Studies: 

Future investigations can examine distinct nanoparticle shapes, sizes, concentrations, and materials to determine the 

most efficient nanoparticles for focused drug transport, most cancers therapy, and thermal remedy programs.  

6. Hybrid and Ternary Nanofluid Models: 

More research is needed on hybrid and ternary nanofluids due to the fact they provide stronger thermal conductivity 

and progressed biomedical performance as compared to standard nanofluids.  
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7. Electroosmotic and Bio-Thermal Effects: 

Future fashions may additionally encompass electroosmosis, bioheat transfer, metabolic warmth generation, chemical 

reactions, and radiation consequences to simulate practical physiological and therapeutic situations.  

8. Flexible and Elastic Arterial Walls: 

Most present fashions count on inflexible arterial walls. Future research can incorporate elastic, deformable, and fluid–

shape interplay (FSI) fashions to better constitute actual physiological artery behavior.  

9. Fractional Calculus and Memory Effects: 

Fractional-order mathematical models may be explored in addition to seize memory-structured and hereditary 

characteristics of blood waft and biological tissues.  

10. Magnetic Drug Targeting Applications: 

Future work can attention on optimizing magnetic subject power, nanoparticle shipping, and drug release mechanisms 

for efficient focused drug shipping in diseased arteries. 
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