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This paper investigates the effects of chemical reactions on MHD Casson blood flow in an inclined artery with multiple stenoses. The flow is 
confined by external magnetic fields and an oscillating pressure gradient. The dimensionless form of the governing equations is remodeled into 
a system of time-fractional partial differential equations. For greater insight into the problems and to understand flow behavior, the Caputo 
time fractional derivative is used, which is also useful for representing memory effects in tissues and anomalous diffusion. The governing 
time-fractional differential equations are solved analytically using the Laplace transform to treat the temporal fractional derivative and finite 
Hankel transforms to handle the artery’s radial geometry. To better understand the effects of different physical parameters on the profiles of 
blood velocity, magnetic particle velocity, heat transfer, and mass transfer, numerical results are obtained and presented in the graphs. Graphs 
indicate that the external magnetic fields tend to delay the blood flow motions, whereas, the Casson fluid parameter has an increasing impact 
on it. It is also observed that the heat source parameter enhances the heat transfer process. We have noted that increasing the systolic pressure 
gradient from 0.5 to 1.5 raises blood flow velocity by up to 78%, and increases magnetic particle velocity by up to 85%, and that increasing 
the Hartmann number controls the velocity by up to 70%. In short, the novelty of the article lies in modelling MHD flow in the presence of a 
multi-stenosed inclined artery, with the exact solution influenced by metabolic heat generation and chemical reaction. By acknowledging the 
non-Newtonian nature of blood and the influence of these factors, these studies pave the way for improved diagnostic tools and treatment 
strategies for cardiovascular diseases. Future research can build upon these findings by exploring potential therapeutic applications of magnetic 
fields or thermal interventions. 
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1. Introduction

Unlike Newtonian fluids, non-Newtonian fluids do not exhibit 
a constant linear relationship between shear stress and the rate 
of deformation. This deviation arises because non-Newto-
nian fluids exhibit complex behavior, such as shear-thinning 
or shear-thickening, in which the viscosity changes with the 
shear rate. Blood is a complex suspension of cells, plasma, and 
other components, does not exhibit Newtonian fluid proper-
ties and therefore cannot be accurately modelled as such. In 
the mid-20th century, blood was assumed to behave as a New-
tonian fluid to simplify mathematical modelling. However, as 

the need for more realistic models grew, it became evident that 
this assumption was insufficient to capture the true behavior 
of blood, particularly in the complex geometries of stenosed 
arteries. To gain a better understanding and to avoid limita-
tions, many scholars have adopted non-Newtonian models, 
especially the Casson fluid model, which describes shear-thin-
ning behavior of blood flow in pathological conditions such as 
a stenosed artery.

The Casson fluid model effectively captures the blood flow 
characteristics, especially when the flow involves large defor-
mations or occurs through constricted or irregular geometries, 
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for example in stenosed arteries. Many researchers have used this 
model to understand the nature of blood flow in stenoses of different 
shapes and under different conditions. Dash et al. [1] declared the 
effect of shear rate on the viscosity of the fluid as it attains zero when 
we increase the value of shear rate infinitely, which represents the 
property of shear thinning. Ali et al. [2] studied the unsteady MHD 
convective flow of Casson hybrid on the oscillating plate, which 
helps to understand how useful the magnetic fields are, on the flow 
of non-Newtonian fluids. Raghunatha et al. [3] worked by consider-
ing porous medium and flowing Casson fluid in presence of internal 
heat source, he reveals that how heat and magnetic field plays a vital 
role on the flow dynamics. Mukhopadhyay et al. [4] concluded that 
to control the separation of flow we can increase the Casson fluid 
parameter, which is a key factor in fluid dynamics. Other research-
ers, such as those by Afikuzzaman et al. [5] and Kataria and Patel 
[6], have considered past oscillating vertical plates and they focused 
on unsteady natural convective MHD Casson fluid flow, they con-
tribute by concluding very important insights in behavior of fluid 
under the different conditions. Nandhini et al [7] modelled Casson 
fluid over a convective stretching sheet. Gupta et al [8] worked on 
the influences of buoyancy forces of MHD flow and induced by 
3D exponential sheet. Dang et al [9] developed a model to explore 
the impacts of stream flow on the motion of an MHD non-New-
tonian fluid through a permeable extending surface. Makkar et al 
[10] considered steady boundary layer with Casson nano fluid on 
the stretching sheet and studied numerically.  Recently, the Casson 
fluid model has attracted the attention of lot of research scholars due 
to its high accuracy to represent the nature of blood, Casson fluid 
model is capable to reflect more realistic fluid characteristic in var-
ious physiological and pathological conditions, such as in arteries 
with stenosis [11-13]. This part contributes to understanding Cas-
son fluid behavior in stenosed arteries of different shapes. The main 
cause of this study is that many research scholars worked on single 
stenoses or omitted the simultaneous effects of chemical reaction, 
metabolic heat, and fractional-order modelling, which are crucial 
for modelling physiological conditions.  

In this line of research on blood flow through stenosed arteries, 
many researchers have investigated how arterial narrowing affects 
flow patterns, velocity distribution, and shear stress. One researcher 
Roy et al. [14] worked to understand more the changes in flow pro-
files by considering different shape stenoses and he noted that in his 
work. Ismail et al. [15] also contribute by considering the flood flow 
through tapered overlapping; by his work he concludes that how the 
varying cross-sectional areas influenced flow dynamics. Bakheet et 
al. [16] reach to the conclusion that how the inclination angle of 
stenotic arteries is very effective on the blood flow behavior, In the 
study of Ku [17] we can get fundamental insights into the behavior 
of blood flow in arteries, stressing the reduction in flow rate after 
passing through the stenosis region, as supported by Akhtar et al. 
[18]. Chakravarty et al. [19] concluded huge response of blood flow 
in the presence of heat and mass transfer with the help of graphical 
approach; by his work he declared the combined influence of thermal 
and mass diffusion. By considering the tapered artery. Mwapinga 

[20] highlighting the physiological relevance of stenosis in medical 
diagnostics. Deka et al [21] studied MHD fluid flow on an inclined 
surface with diffusion-thermo they reported the impacts of various 
parameters on heat and mass transfer in the MHD flow. In this part, 
references are thematically organized according to different stenosis 
geometries and to heat and mass transfer.

In recent years, researchers have frequently used fractional deriva-
tives to model complex systems, especially in biology. This derivative 
facilitates a better understanding of fluids compared with the tradi-
tional integer derivative. This technique provides greater accuracy 
and flexibility in modelling real-world phenomena, particularly for 
blood flow behavior in arteries, where interactions are not simply 
local or instantaneous. Concept of Caputo-Fabrizio fractional-order 
model is used in the work of Jamil [22] to the nonlinear governing 
equations; by applying this concept he gets more accurate solution 
for complex fluid dynamics. Additionally, Rahman et al. [23] used 
the fractional Caputo-Fabrizio operator to demonstrate its utility 
in modelling biological processes by solving nonlinear fractional 
differential equations in biological population models. To show 
that the fractional order model is more capable of representing 
the complex behavior of the system which includes some complex 
conditions Ahmed et al. [24]. Even in the understanding of image 
processing Jain et al. [25] used fractional derivatives.

Within the field of fluid dynamics chemical reactions have attracted 
considerable attention from researchers in recent years. This study 
aims to understand the influence of chemical reactions on the un-
steady hydromagnetic boundary-layer flow of a Casson fluid. Ka-
taria et al [26] Concluded that an increase in the chemical reaction 
parameter led to a decrease in concentration in his work. Similarly, 
to highlight the significant influences of the chemical reaction in 
the presence of heat and mass transfer, Patel [27] considered a po-
rous medium and published an article examining it. From the study 
above, chemical reactions in this line of study, particularly under 
pathological conditions, can alter the concentration of various 
blood components. Recently, it has been noted that not only sin-
gle-stenosed but multi-stenosed arteries are common in humans. To 
deal with this problem Shahzad [28] studied by considering multi 
stenosed which are in elliptic shapes artery blood flow using the 
Carreau model to account for the non-Newtonian nature of blood. 
In addition, Kabir [29] added his work to note the influences in 
presence of multiple stenoses on blood flow behavior; by his work 
he concludes huge insights into cardiovascular risk assessment and 
the importance of considering multi-stenotic conditions in clinical 
evaluations. Yadav et al [30] prepared numerical 3D model of MHD 
flow with chemical reaction effects on permeable sheet and noted 
the impacts of different parameters. In this section, references are 
provided for models that were solved analytically by incorporating 
MHD Casson fluid, fractional time derivatives, chemical reaction, 
multi-stenotic inclined artery geometry, and metabolic heat effects; 
the Laplace and finite Hankel transforms were used to obtain exact 
solutions.
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In this paper, through a thorough combination of various physical 
effects, this research uniquely combines the study of magnetic field, 
metabolic heat source, systolic and diastolic pressure gradients, 
Peclet number, Reynolds number, inclination-angle parameter, and 
heat absorption effects on blood flow in multiple-stenosed arteries, 
providing a more complete understanding of the complex flow 
dynamics. While previous studies have examined these phenome-
na separately, their combined impact on flow in multiple stenosed 
arteries has not been thoroughly investigated. This research paper 
will help in understanding blood flow dynamics in the presence of 
a multi-stenosed artery. We have modelled MHD fluid of fractional 
order in an artery with multiple stenoses, subject to chemical re-
actions and heat generation. Using analytical techniques, we found 
an exact solution of the system of PDEs and noted the effects of 
different parameters. This study introduces a novel analytical frame-
work to explore the interplay among magnetic fields, metabolic 
heat generation and absorption, and their effects on blood flow and 
plaque dynamics in stenosed arteries, with therapeutic implications 
for cardiovascular treatments, hyperthermia therapies, and stenosis 
treatment. This study helps elucidate how parameters can improve 
medical treatments, particularly for conditions such as arterial 
blockage and targeted drug delivery systems.

The future scope of this study to extend with consideration mass 
transfer and various physical parameter effects like, chemical reac-
tions, thermos-diffusion, diffusion thermos, etc.

2. Mathematical formulation

Recent research has focused on unsteady Casson blood flow, whose 
physical dimension is shown in Figure 1. In Figure 1, the z-axis is 
considered axial direction, while the r-axis indicates radial direc-
tion. Blood is treated as a non-Newtonian Casson fluid subjected 
to an oscillating pressure gradient (Jamil et al. [31]). The uniform 
external magnetic fields B0 is applied which is shown in Figure 1. At 
t=0, the velocity of blood and magnetic particle are treated as sta-
tionary. Blood flow is modelled using the Navier–Stokes equations, 
whereas heat and mass transfer profiles are modelled using the en-
ergy and concentration equations. The effects of magnetic fields are 
described by Maxwell’s relation, whereas magnetic particle velocity 
is governed by Newton’s second law.

The constitutive equation for the Casson fluid can be written as giv-
en by Hayat et al. [32]
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Where e eij ijr =  and eij is the i j, th^ h  component of the deforma-
tion rate, π is the product of the component of deformation rate with 
itself, πc is a critical value of this product based on the non- Newto-

nian model, μB is plastic dynamic viscosity of the non-Newtonian 
fluid and Py is yield stress of fluid.

Figure 1. Schematic diagram of the flow geometry of the model

The pressure gradient can be expressed as, 

( ),cosz
P b b t A 0>0 1 02

2
~- = + 				     (2)

Where constant A0 is the systolic pressure gradient and A1 is the 
diastolic pressure gradient components. The angular frequency as 
f2 p~ r=  where fp is the frequency of the pulse.

Geometrically, the expression of multi-stenosis in the artery can be 
written mathematically, 
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Where, Rz and R0 represent the constricted region and normal artery 
radius. x is the stenosed length and α1 stenosis degree. 

The governing momentum equations of blood flows in cylindrical 
form is expressed as follows (Shah et al. [33]).
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Due to Newton’s second law governing the movement of magnetic 
particles:
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Where m-average mass of magnetic particles.

The governing energy equation in the cylindrical form as, 
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The blood is considered as an optical thin fluid with low relative 
density and heat absorption coefficient  So the heat flux can be ap-
proximated as

( )r
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a- = - 3 				                      (7)
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3# , with η being the radiation absorption 

coefficient, |  is the frequency and B  is the Planck’s constant.

The concentration equation in the cylindrical form as,
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The initial and boundary condition in cylindrical form with cylin-
drical domain and multi-stenosed artery of Radius R0 and Rz are as, 
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The non-dimensional parameters can be expressed as, 
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The governing dimensionless form of governing equation subject to 
equations (9) after dropping * notation, we can be written in form 
as,
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With boundary conditions
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After dropping * notation and considered fractional derivative, 
equations (10-14) can be expressed as, 

cos

sin

D u b b t R r
u
r r
u R v u

Ha u F

1 1 1 1
t

e
0 1 2

2

2

2
2

2
2

4

~ c= + + + + + -

- +

a ^ a ^h k h: D

						                        (15)

,GD v u vt = -a 					                       (16)

( ) ( ),P D r r r P Q
1

e t e m m2

2

2
2

2
2

i
i i

i= + + +a 		                    (17)

( ) ( )S R D C r
C
r r
C S S r r r S R KrC

1 1
c e t r c c e2

2

2

2
2

2
2

2
2

2
2

2
2i i= + + + -a 	

						                        (18)

with boundary conditions
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Where, Caputo-Fabrizio operator is 
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The definition Laplace Transform for the operator of Caputo-Fab-
rizio expresses as,
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With ( )0 1< <a a is the fractional order parameter.
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3. Solution of the problem

Now, we are using the techniques of Laplace transform in equations 
(15) to (19), we get
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With boundary condition , , ,u s v s s1 1 1 0i= = =r r r^ ^ ^h h h from equa-
tion (23), 
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Inputs equation (26) into equation (22), 
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By applying Zeroth order transformation of Finite Hankel in equa-
tions (27) and (22) with boundary condition (19), we obtain the 
following equation.
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Re-Writing the equation from (28) to (30), 
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In same manner we proceed for Energy equation (29), we get 
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Now, rearrange the equation (33) 
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In same manner we proceed for Concentration equation (30), we 
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Now, rearrange the equation (37) 
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Using the concept of Robotnov and Hartley’s function the Inverse 
Laplace transform is,
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Now, we apply Inverse Laplace transform of equations (33), (35) and 
(46) are  
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By applying Inverse Hankle transformation technique we obtain 
fluid velocity and Temperature equations (49), (51), and (52), 
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Velocity of magnetic particles is represented from equation (24)
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4. Result and discussion

In this paper, we have investigated the influences of different pa-
rameters on the artery in the presence of multiple stenoses. Figure 
2 presents the variation of blood flow velocity across the radial axis 
for varying systolic pressure gradients (a0=0.5,1,1.5). An increase in 
pressure gradient leads to a corresponding increase in peak blood 
velocity. This occurs because systolic pressure, the highest pressure 
during that time, exerts a strong force on the blood, increasing its 
velocity. 78% rise is noted with increasing systolic pressure gradient 
from 0.5 to 1, This result agreed with the previous published work 
done by Patel et al. [34]. In this graph, the maximum velocity occurs 
at the center of the artery and decreases symmetrically towards the 
walls, where it becomes zero due to the no-slip boundary condi-
tions. This will identify laminar characteristics of flow and show that 
systolic pressures enhance the flow rate, which could significantly 
influence blood dynamics in a diseased arterial segment.

Figure 2. a0 on u

Figure 3. a0 on 𝜈 

Figure 4. a1 on u 

Figure 5. a1 on 𝜈 
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Figure 6. Ha on u

Figure 7. Ha on 𝜈

Figure 8. γ on u

Figure 9.  γ on 𝜈 

Figure 10. R on u 

Figure 11. R on 𝜈

Figure 12. Re on u 

Figure 13. Re on 𝜈 
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Figure 14. ϕ on u

Figure 15. ϕ on v

Figure 16. pe on θ

Figure 17.  Qm on θ

Figure 18. θm on θ 

Figure 19. G on v

Figure 3 shows the radial variation of the velocity of a magnetic par-
ticle for distinct pressure gradients. Magnetic particle velocity also 
increases with the systolic pressure gradient, particularly near the 
center of the artery, because the increased blood velocity associated 
with systolic pressure enhances their motion. This behavior reflects 
an increased axial driving force imparted by elevated pressure, 
which enhances particle transport through stenosed arterial seg-
ments. The results highlight the direct impacts of pressure condi-
tions on targeted drug delivery using magnetic transporters. In 
Figure 4, the impact of the diastolic pressure gradient on a Casson 
fluid is presented. An overall increase in velocity magnitude is ob-
served due to higher diastolic pressure gradients, particularly near 
the central axis of the artery. These changes occur because an in-
crease in diastolic pressure creates a large pressure differential that 
drives flow, especially at the narrowed portion of the artery. A 67% 
rise in blood flow velocity was as the diastolic pressure gradient in-
creased from 0.1 to 0.5. This indicates that even during diastole, an 
elevated pressure gradient sustains a stronger flow through the ste-
nosed regions. Figure 5 displays the change in magnetic particle ve-
locity under an increasing diastolic pressure gradient. The diastolic 
pressure gradient increases along with an upward trend in particle 
velocity, with the peak velocity occurring near the arterial center-
line, because increasing blood flow velocity also enhances the veloc-
ity of magnetic particles. Diastolic pressure effectively maintains 
magnetic particle motion, which supports therapeutic delivery 
during both phases of the cardiac cycle. Figure 6 shows a noticeable 
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reduction in blood flow velocity as the Hartmann number increases, 
indicating that stronger magnetic fields significantly dampen flow. 
Increasing Hartmann number from 2 to 9 will decrease blood flow 
velocity by up to 40%. The reason is that increasing the Hartmann 
induces a strong Lorentz force opposing the direction of blood flow, 
thereby increasing resistance to blood flow. In practice, this is com-
mon in medical applications such as magnetic drug targeting or 
MRI-guided therapies, where magnetic fields are used to influence 
blood flow or particle movement. It can be seen that the flow re-
mains laminar but is controlled, as the parabolic shape of the veloc-
ity profile persists. Figure 7 illustrates how the magnetic particle 
velocity changes along the radial axis for three increasing values of 
the Hartmann number. A noticeable decline in particle velocity is 
observed with increasing Hartmann number, particularly near the 
central region of the artery. Decreasing blood velocity will slow 
magnetic particle motion. This trend signifies the damping effect of 
the magnetic field, which resists particle motion and reduces axial 
transport. Such behavior underscores the role of magnetic field 
strength in regulating particle dynamics during magnetically guided 
drug delivery. Figure 8 shows the effects of the Casson fluid param-
eter on magnetic particle velocity. As the Casson fluid parameter 
increases, the velocity profile becomes steeper, with higher velocities 
concentrated near the center of the artery. This reflects a reduction 
in the fluid’s yield stress, allowing particles to move more smoothly 
under the same driving pressure. The findings emphasize that 
non-Newtonian properties of blood, influenced by the Casson fluid 
parameter, can enhance the efficiency of magnetic particle transport 
in therapeutic applications. Figure 9 supports the understanding 
that magnetic particle velocity increases with rising non-dimen-
sional Casson fluid parameter. From the figure, it is obvious that the 
particle velocity rises noticeably near the center of the artery as the 
Casson fluid parameter increases. This will help particles move more 
smoothly due to the reduction in fluid yield stress at the same pres-
sure. This study contributes to understanding the role of fluid rheol-
ogy in enhancing the transport of magnetic carriers, a process criti-
cal for efficient, targeted drug delivery in Casson-type blood flows. 
Figure 10 demonstrates that, with increasing non-dimensional 
concentration, blood flow velocity decreases; a regular reduction in 
velocity is observed in the central portion of the artery. The main of 
this phenomenon is that high concentration increases viscosity and 
enhances particle-fluid interaction. This is useful for concluding 
that high solute concentration increases fluid resistance, which 
could be a primary cause of reduced blood flow velocity. This sce-
nario is the same as a pathological condition, such as plaque accu-
mulation. Figure 11 shows the changes in magnetic-particle velocity 
along the radial axis due to an increasing value of the nondimen-
sional concentration parameter of the magnetic particles. It can be 
concluded that the magnetic-particle concentration gradually de-
creases with increasing values of the non-dimensional concentra-
tion parameter. Due to the increasing interaction among fluid parti-
cles, magnetic particles will also face resistance. This effect is clearly 
visible in the central portion of the artery. Extreme solute concentra-
tions may increase drag forces or micro-interactions, limiting parti-
cle mobility. In the magnetic particle therapies, this behavior is cru-

cial, because precise control over particle transport is required. 
Figure 12 reveals that, particularly in the core region, a rising Reyn-
olds number will significantly increase blood flow velocity. Increas-
ing the Reynolds number causes inertial forces to dominate, allow-
ing the fluid to flow more freely. This result is strongly agreed with 
previous work done by Patel et al. [34], and comparison reveal high 
similarity in blood flow velocity along with increasing Reynold 
number. This promotes more vigorous flow by enhancing inertial 
forces that overcome viscous resistance. The results emphasize the 
critical role of the flow regime in the dynamics of stenosed arteries. 
Figure 13 shows the influence of the Reynolds number on the in-
crease in magnetic particle velocity. Up to a 40% rise in magnetic 
particles was noted as the Reynolds number increased from 0.9 to 
1.4. Thus, a higher Reynolds number is sufficient to enhance particle 
mobility. These findings suggest a favorable condition for magneti-
cally guided drug delivery under elevated flow rates. Figure 14 illus-
trates that increasing the inclination angle causes a noticeable rise in 
velocity near the central region of the artery. This is because a higher 
reduces the opposing gravitational force, thereby permitting faster 
flow. This trend is attributed to the altered orientation of the ste-
nosed geometry, which reduces flow resistance and enables more 
efficient axial transport. The results suggest that increased inclina-
tion enhances blood perfusion in narrowed arterial segments. Fig-
ure 15 shows, along the radial axis, the effects on the velocity of 
magnetic particles especially at the core of the artery as the inclina-
tion angle increases from π/6 to π/2, because the increased blood 
flow velocity associated with a larger inclination angle influences the 
movement of magnetic particles in the radial direction. This im-
proves streamline formation because steeper arterial alignments fa-
cilitate axial particle propulsion. This study is useful for designing 
targeted drug delivery systems based on the geometrical orientation 
of multi-stenosed arteries. Figure 16 illustrates the influence of the 
Peclet number on the temperature profile. As the Peclet number in-
creases, the temperature within the artery rises significantly. This is 
because increasing the Peclet number will increase convection with-
in the blood flow, which will be the main cause of the rise in tem-
perature in the artery. This behavior indicates that stronger convec-
tive heat transport enhances the thermal energy carried by the fluid. 
Consequently, the centerline temperature becomes more pro-
nounced, while the temperature gradient near the arterial walls 
steepens, reflecting increased advective dominance over conductive 
effects. Figure 17 displays how temperature varies in response to 
different levels of metabolic heat source; there is a consistent rise in 
temperature throughout the radial domain because increasing the 
metabolic heat source leads to greater internal heat generation with-
in the artery, resulting in higher temperatures. Increasing the meta-
bolic heat source from 1.1 to 1.6 will enhance blood flow by up to 
45%. Equivalent rise in temperature profile was noted in previously 
published word Patel and Patel [35] with increasing metabolic heat 
source. Elevated temperatures indicate that internal heat generation 
from metabolic activity significantly contributes to the blood’s ther-
mal energy content. The peak temperature remains at the center of 
the artery, where the influence of the heat source is greatest, indicat-
ing stronger internal thermal accumulation as the metabolic heat 
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source increases. Figure 18 shows that temperature increases signifi-
cantly as the metabolic heat source increases. Increasing value of θm 
represent heat absorption rate will be high accordingly which im-
plies heat is being retained within flow instead of losing will be the 
primary cause of increasing temperature in the artery, especially in 
the centreline. Figure 19 illustrates the effect of the particle-mass 
parameter on the magnetic-particle velocity distribution. Across the 
radial profile, the velocity of the magnetic particles decreases as the 
particle mass parameter increases. The highest velocity is achieved 
when the particle mass parameter is 0.3; it gradually diminishes as 
the particle mass increases.

5. Conclusion

This study reveals the impacts of different parameters in the pres-
ence of a multi-stenosed artery, including chemical reaction effects.

•	 According to the study, increased driving forces such as 
systolic and diastolic pressure gradients play a vital role 
in increasing flow and particle velocity, particularly in the 
central region of the artery. The increasing systolic pres-
sure gradient accelerates blood flow towards the center, as 
in the real-life scenario of a blocked artery. These modi-
fications may restore normal blood flow in the stenosed 
artery. 

•	 Magnetic fields, as represented by the Hartmann num-
ber, slow blood flow, which is beneficial for controlled, 
targeted drug delivery. Magnetic fields applied at differ-
ent angles effectively reduce strokes, swelling, and pain. 
An increased Hartmann number reduces blood velocity. 
Research into the treatment of atherosclerosis will benefit 
from this information.

•	 Metabolic heat absorption and generation will substan-
tially affect temperature. Increasing temperature, together 
with changes in internal flow and heat, can play a signif-
icant role in regulating treatment behavior. Due to heat 
generation, blood viscosity decreases, blood becomes 
thinner, and flow accelerates.

•	 Geometry and flow strength improve delivery paths, ex-
cessive resistance or heavier particles can slow transport.

•	 Together, these findings offer valuable insights to inform 
the design of more efficient, controlled drug-delivery sys-
tems for diseased arteries.
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Nomenclature

Symbol
a0 Systolic Pressure gradient

a1 Diastolic Pressure gradient

Bv Magnetic Field

γ Casson fluid parameter
ω Pulsatile frequency

R Non – dimensional particle concentration 
parameter

Ha Non – dimensional Hartman number

z Phase angle
F Inclination angle parameter
P Oscillating pressure gradient
Re Reynolds number
Pe Peclet Number
Qm Metabolic Heat Source
θm Metabolic Heat absorption
G Particle mass parameter
ρ Fluid density
r Radial coordinator
α Fractional parameter
σ Electrical conductivity
u(r,t) The velocity of the Fluid
𝜈(r,t) The velocity of the Particle
N Magnetic particles number

K Stokes constant

υ Kinematic viscosity
Sc Schmidt number
Kr Chemical reaction Parameter
β0 Magnetic Field strength
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g Gravitational acceleration
m Mass of acceleration
K1 Thermal Conductivity of blood 
Cp Specific heat Capacity of blood
C Concentration of diffusion species
Dm Mass Diffusivity
KT Thermal diffusion ration
T∞ Ambient Temperature
C∞ Reference Concentration
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