Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 121, Issue 2 (2024) 48-64

Journal of
Advanced Research

Journal of Advanced Research in Fluid Fluid Mechanics and

Thermal Sciences

[

Mechanics and Thermal Sciences

Journal homepage:

SEMARAK ILMU https://semarakilmu.com.my/journals/index.php/fluid_mechanics_thermal_sciences/index
NG, ISSN: 2289-7879

Exploring the Dynamic Behavior of a Tapered Stenosed Artery: An
Investigation into Its Unsteady Model

Veena Sreenivasa Beleyur’”

1 Symbiosis Institute of Technology, Symbiosis International (Deemed University), Lavale —412 115, Pune, India

ARTICLE INFO ABSTRACT

Article history: In this communication, blood flow is considered in a two-phase model of the tapered
Received 16 May 2024 stenosed artery. Non-Newtonian and Newtonian models are considered in inner and
Received in revised form 25 August 2024 outer regions, respectively. The transverse magnetic field is applied externally on the

Accepted 7 September 2024

- : presumed pulsatile flow of blood to examine the nature of blood flow. It is anticipated
Available online 30 September 2024

that, in the inner region, blood follows the Jeffrey fluid model, and in the outer region, it
follows the Bingham Plastic fluid model. The mathematical model of this system is
formulated, a non-dimensionalization technique is used, and a numerical solution is
obtained using the Finite difference method, one of the most suitable numerical methods
for the formulated problem. The expressions for the primary/fundamental characteristics
in determining the effect of blood flow are developed to explore the consequence of
hematocrit, time component, tapering angle, and magnetic field. Scilab software is

Keywords: employed for mathematical simulations, revealing that flow characteristics within a
Blood flow; non-Newtonian; magnetic  stenosed artery undergo significant alterations, while the presence of a magnetic field
field; tapered artery; stenosis aids in partially regulating the flow characteristics.

1. Introduction

Atherosclerosis, a heart disease, stands as a significant cause of death in the world, including in
Western countries. Abnormal and unnatural growth in the artery's inner walls results in the artery's
thickening causing stenosed arteries [1-3]. This is the first phase in the development of
atherosclerosis, which interrupts blood flow to different parts of the body. Every significant heart
disease is because of thick blood. When the blood becomes denser, it can lead to artery damage. In
response, the biological system initiates a repair process, during which fatty materials are set down
on the artery's inner wall. The primary consequence of arterial stenosis is an increased resistance to
blood flow and the associated reduction of blood flow. So, to understand the fundamentals of
circulatory disorders, analysis of fluid dynamical characteristics of blood flow is crucial [4].

Although arteries appear to be cylindrical, they are not in reality. They are cylindrical in the
beginning, and they may be tapered in the later part as the arteries usually bifurcate. Due to a
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decrease in the radius of the artery, there is an increase in pressure, which disrupts the normal blood
flow. Therefore, it becomes crucial to investigate blood flow characteristics in a tapered artery [5].

Most studies on blood flow in tapered arteries use the fact that the blood is Newtonian, but in
reality, it is not; the flow is primarily non-Newtonian. It acts like Newtonian when it flows through big
arteries at a high shear rate, whereas when the radius of the artery is small, in diseased arteries and
at a low shear rate, its behavior is always found to be non-Newtonian. In narrow arteries, blood flow
is highly pulsatile; the flow is non-Newtonian in the core region, which is a suspension of
erythrocytes, and it is Newtonian in the peripheral area, which is the outer region of the artery [6].

Several fluid flow models have been used in blood flow research. The Casson fluid model and
Herschel-Bulkley fluid model are two commonly used models of non-Newtonian flow to represent
blood flow in the core region of narrow arteries. Herschel-Bulkley model is usually used when the
shear rate is low, and this model describes the flow characteristics reasonably well. Also, as this fluid
model has additional parameters compared to other non-Newtonian flow models, it is helpful to
obtain more thorough facts about the features of blood flow [7]. Jeffrey fluid model is another model
which is suitable for non-Newtonian fluids. It has different parameters than other preceding models,
which will help get more accurate and realistic results.

Different treatment modalities are available for stenosis-related heart diseases based on various
aspects. One of them is the insertion of the catheter, which affects the blood flow and solute
dispersion [8]. The other methods include injecting the drug into the blood vessel, which causes the
occurrence of a chemical reaction between the drug and blood proteins and affects the effectiveness
of the solute transportation in blood flow, applying a magnetic field externally, which regulates the
blood flow, etc [9,10]. The existence of hematocrit gives magnetic properties to blood; hence, blood
attracts both induced and external magnetic fields, influencing the flow [11,12]. Therefore, the
application of magnetic fields is studied in different areas, such as application of external magnetic
fields to regulate blood flow, magnetic drug targeting to treat cancer, etc [13,14]. It is recognized in
one of the experimentations that the externally applied magnetic field on blood in the direction of
flow reduces the viscosity of blood by 20 % — 30 %, and it remains the same almost for more than
two hours. Further investigation is required on how and to what level magnets can dilute blood [15].
The thickness of blood is not the same at all times. In non-Newtonian fluid, the thickness fluctuates
with the shear rate, inversely or directly, depending on whether the fluid is shear thinning or
thickening.

Numerous research scholars have conducted a simulation of blood flow through stenosed tubes.
Flow is deliberated as pulsatile during simulation, and diverse models are used to study the flow.
Many studies have been conducted comparing 2D and 3D axially symmetric models. The authors
discussed how hemodynamic factors play a dynamic role in stenosed arteries. It is witnessed that the
magnitude and distribution of wall shear stress are strongly affected by stenosis features, location,
and size. It is also seen that resistance to flow and skin friction increases with the highest depth of
stenosis, whereas the opposite tendency is observed with increased yield stress. Three-pore model
is used to find the role of significant flow characteristics, and it is witnessed that the model can
gualitatively capture the plaque change in the intima layer [16-19].

Several numerical procedures, such as the finite volume, finite element, and finite difference
methods, are used to investigate the nature of blood flow in a constricted artery by considering blood
non—Newtonian. The model is solved by solving Navier—Stoke equations governing the fluid motion.
The characteristics of shear-thinning fluid are taken into account to study the nature of blood flow,
and it is modeled using different flow models, namely, cross model, generalized power law model,
etc. A detailed numerical study is conducted to reach the desired conclusion [20-22].
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It is found from the literature that, although the Jeffrey fluid model is used in the studies related
to blood flow, in all the studies, it is used for one phase model, and that too mostly in finding the
effect of stenosis on blood flow characteristics, but not to regulate the flow in diseased condition
using a magnetic field. In the current study, an effort is made to regulate the blood flow in the area
affected by stenosis by treating the flow as Jeffrey's fluid model.

This study aims to identify the importance of the transverse magnetic field in regulating the blood
flow in tapered stenosed arteries, in which viscosity is one of the leading parameters to be explored.
To apply the model in blood rheology, blood viscosity is considered constant in one case and allowed
to vary in the other. In the second case, viscosity can vary concerning hematocrit (percentage volume
of erythrocytes) to improve the results, which are very close to real-life situations. This study may be
helpful for further research, which will help medical practitioners treat the patients of
atherosclerosis.

The outline of the paper is as follows. In Section 2, the mathematical problem is formulated in
terms of a set of non-linear partial differential equations comprising governing and constitutive
equations, viscosity profile, geometry of the model, and initial and boundary conditions. A non-
dimensionalization technique is used to simplify the problem thus obtained. Radial transformations
are used to streamline the problem further. The model thus obtained is solved using the finite
difference method to get the expressions for axial velocity, volumetric flow rate, and wall shear stress
in Section 3. Scilab is used for simulation to find the effect of stenosis, tapering angle, magnetic field,
time, and hematocrit, and the results are presented in Section 4.

2. Mathematical Formulation

The geometry of the tapered stenosed artery with tapering angle ¢ is shown in Figure 1. The
artery is converging if ¢ < 0, divergingif ¢ > 0, and the artery is non-tapered if ¢ = 0.

peripheral region
COTE TBEiON

Fig. 1. Schematic representation of tapered two-
fluid model

Mathematical system of tapered stenosed arteries in peripheral and core regions are derived
respectively as [23]

hp” hp :
Rp*(z*) = (md* + R;;) + {m — ( T )} (z"—=d") + ((l*)z) (z*—d")?|ind*<z*<d + [
Rp*(z*) = (mz* + R;‘,) in all other cases (1)
hc* x L
RC*(Z*) = [(md* + R:) + {m — (l—*)} (Z* — d*) + ((l*)z) (Z* — d*)zl ind*<z*<d*+ l*g::;
Rc*(z*) = (mz* + R}) in all other cases (2)

50



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 121, Issue 2 (2024) 48-64

Here, Rp*(z") and Rc*(z") are radii of the stenosed part of an artery in the peripheral region and
core region, respectively, R = YRy and R, = Ry — R; where Ry, Ry, R; are radii of non-tapered part,
peripheral region and core region of the artery. y is the ratio of radius of the core region to that of
the artery, which can vary from 0.95 to 0.98, m = tan ¢, hp* and hc*are heights of stenosis in
4 1, sec ¢ = 4pR; sec ¢ where p is a real number between 0 and 1, d* is starting position of
stenosis, and [*is length of stenosis.

It is assumed that blood flow is laminar, unsteady, incompressible, pulsatile, and fully developed.
The transverse magnetic field is applied externally, with no induced and negligible electric fields.

The fundamental equation that describes the behavior of the defined system is given by [24]

aP* 10(r't") 0H* du*
5 F or* +kM az* =P ar* (3)

Here, u* is the axial velocity component, r* is the radial velocity component, T* is shear stress,
H* is magnetic field intensity, M is magnetization, k is magnetic permeability, p is the density of
blood, T™ is time, and p* is pressure component.

The two-fluid flow model gives more realistic results, the Jeffrey fluid model, a non-Newtonian
model, is used in the core region, and the Bingham plastic fluid model is used in the peripheral area.
A slight opening stress is given as some initial push is required for the blood to start moving. The
corresponding constitutive equations establishing the relationship between key variables in the
system are provided by

Jeffrey fluid model [11]:
In the core region, 7. = =PI + S
where ;. is the Cauchy’s stress, P is pressure, I is the identity tensor, and S is extra stress.

As Pl is zero in our problem

=S=1- + 250 (4)

where u* is viscosity, 1, is retardation time, 4, is the ratio of relaxation time to retardation time, and
T* is shear stress.

Bingham plastic model [25]

In the peripheral region,

=zt (-55) 8

Here T, is initial stress, p*is viscosity of blood.
The viscosity of blood is not constant in the inner region, whereas it is constant in the outer
region. It depends on hematocrit, position in the artery, and the stage of disease [26]. Einstein's
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formula, which defines the viscosity profile applicable for the dilute suspension of spherical shape
erythrocytes, is

W= w1+ pxte (1= (%)) ©)

Here, g = 2 is the parameter that governs the shape of the viscosity profile for blood. He is the
hematocrit, which is different for different people, usually ranges from 25% to 50 %, o= viscosity
of plasma, f is a constant equal to 2.5 for blood.

The boundary conditions considered for the study as

u* =0a = 0atr =0 (7)
U; = Uy atr* = RA(2") and Tiore = Tper at ™ = R (8)
The initial conditionsareu; = u, = 0atT* =0 (9)

The equation for pulsatile flow is captured as [27],

ap*
0z*

= Ay + Aj cosw*T” (10)

Here, w* = 2mf), f, is pulsatile frequency, and A, and A] are constant and pulsatile pressure
gradient amplitudes, respectively.

3. Solution Procedure
A dimensionless system is a mathematical technique that reduces the number of variables and
parameters, which helps understand the underlying physics or relationships among variables. Below

is the system used in this problem.

r*=rRy z*=zR, R*=RR, T=T'w* d*=dR, I"=IR, P*=Ppu
u=uuy, T =tTpuf Ti=rtspuf H* =HH, h*=hR, pu*=uppugRy R, =R,R,

Ho = HopuoRy AT =224 w* = wt, (11)
Applying (11) in (1) to (10), we get

The geometry of the stenosed artery in the outer and inner region (respectively) becomes.

Rp(z)={(R0+md)+[m ( )](z—d)+( >(z—d) }indSzSd+l
R,(z) = Ry + mz otherwise (12)

R.(2) ={(Rc+md)+[m—<$)](z—d)+(%>(z—d)2} ind<z<d+1
R.(z) =R, + mz otherwise (13)
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Here, hp = 4p R, secp, hc = 4pRsec ¢ ,R. = YR, and R, = Ry — R, pis areal number that
helps to determine the severity of stenosis, which lies in (0, 1).
The governing equation becomes

8P 1 9(rt) , KMHydH _ WRqdu

oz r Or pu? dz u_odT (14)
The constitutive equations in the inner and outer regions are, respectively,
Jeffrey fluid model
Extra stress S is defined as
T ¢ _ HPUoRo oz
=S =T (T + A,wt, poe (15)

where 1 is viscosity, A, is retardation time, 1, is the ratio of relaxation time to retardation time, and
T is shear stress.

Bingham plastic model: T = 7, 4+ u* (— g—r) (16)
q
Then Eq. (6) becomes u = uo[ 1+ B X He ( 1-— (RL) )] (17)
0

q
In the Bingham plastic model (in the peripheral region), RL tends to 1; hence, (RL) tends to 1.
0 0

So, it = Ho implies T = Ty + o™ (— %) (18)
The boundary conditions are

=0atr =R dZ=0atr = 0 (19)
u=0atr =Ry(z)an 5, = 0atr =
Uc = Uy atr = R.(2) and T;ore = Tperi at 7 = R (2) (20)
The initial conditions are u, = u, = 0atT =0 (21)
The equation for pulsatile flow is — ZZ— = Ay +A;cosT (22)
Radial transformation given by, x = RL , t= tl (23)

0 0

1 6(x‘r) KMHO dH _ WRO u

XRo Ox pu? dZ  ug at (24)

. . oP
The governing equation becomes, — 7 +
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The constitutive equations become

Jeffrey fluid

R
=S =1 (o 4 o ) (25)

Bingham plastic model

T 29

The Einstein’s equation becomes
p=po[l+BxHe(1l- (x)7)] (27)

Boundary conditions becomes

u=0atx=Rp—(Z)anda—u=0atx=O (28)
0 0x
c( ) C(Z)

U = Upatx = R, a0 d Teore = Tperiatx = R (29)

Initial conditions becomes

u,=u,=0att=0 (30)

The pulsatile flow equation becomes

ap
— 50 = = A, + A, cos tt, (31)

Using (25) and (27) in (24), we get

ToPUoHo _ q ToPUQUG _ q _az_u
TR (1 + B.He) — (g + Dx?] — 222 [(1 + B. He) — (q + Dx] (- 53)

__ PUoHoRo _ q1 (2 lzfolio 9%u ou
T+ putie) = g+ Dx () 5 (- 55) (3)
aP kMHodH WRoau

ozt o2 @ ot (32)

Using (26) and (31) in (24)

XRg Tot+ (Ro "~ oxz + pué dz 9z  uy Ot (33)

Eqg. (32) gives axial velocity in the core region, and (33) shows the same in the peripheral area.
There are quite a few numerical approaches for solving a system of non-linear partial differential
equations. One of the most widely used methods is the Finite difference method. This method
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discretizes the Eq. (32) and Eq. (33). u(x, z, t) is discretized into u(x;, z;, t ) and denoted byu .The
increment in the radial direction is denoted as 4x, the increment in the axial direction as 4z, and the
increment in the time component as At. The central difference scheme is used for spatial derivatives,
and the forward difference scheme is used for time derivatives.

k k
oum _ (um)i,j+1_(um)i,j—1

ax 2 Ax (34)
Uy _ (um){'c,j+1+(um)£fj—1_Z(um){'c,j

axz (Ax)? (39)
O W) - um)¥

at At (36)

Here, m = C if 0 <x<a andm =N if a <x <1, we define x; =(j- 1) 4dx for j =
1,2,,...,C,C+1suchthatxcy;=aandxj=a+[j- (C+1)]Axforj=C+1,C +2,..,N+
lsuchthatxy,; =1,z,=(i-1)4zfori = 1,2,...andt, =(k-1)A4t, k= 1,2,..

Using (34), (35), and (36) in (32), we get

k
@I = @O + e [-”—R:(g—’;)

uy kMHy,dH
WRy pul dz
Ug ToPUolo

+At [wRo (LT 1) [(1+B.He) — (g + 1)(xl-)q]]

Uy ToPUo]
WRy x;(1 4+ 21)R,

+At

[(1+ B.He)

( C)lj+1 + (uC)lj 1 Z(uC)i(p]
~ @+ 1)<xi)ﬂ] [ L ]

Uy PUoHoRy (u
WRy (11 A (AT B-He) = (g + D) “

— At [u_olztol,to] (uc)l‘1+1+(uc) ij—1 Z(uc) i ] [(uc)k+1 (uc)l] 1]
(Ax)?

4+ At |—2 C)l]+1 (uc)ﬁj—ll

2 Ax

(37)

WRO xl-R(z,

Using (34), (35), and (36) in (33), we get,

k+1 u, kMH,dH (uo ) <ap>"
= + At == hakal I WY el
(up)lj (up) t(wRo pus dz At wR,/ \0z

(u ) +up)k | —2@up)k
+AL u 1 To—(ﬂ)< PJiyq,j  \P/i-1,) p/i,j (38)

WR .X'iRO Ry (Ax)z

Similarly, we get the expressions for volumetric flow rate and wall shear stress as,

QF = 2m |3 (o), dxy + [ x(w) d | (39)
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k —
T, =Tog—

d

k
(up)i,j+1_(up)§j—1

2 Ax

4, Result and Discussion

)

(40)

This study aims to notice the impact of tapering angle, non-Newtonian nature, yield stress,
magnetic field, and pulsatile nature on the most critical blood flow characteristics through the

tapered stenosed artery. The subsequent values as shown in Table 1 are used for computations.

Table 1
Values of the parameters
Parameter  Value Parameter Value
n 0.95 and 1.05 dH 0, 10000,
dz 20000, 30000
T 0.02 Uy 36 cm/sec
d 2cm A, 100 kg/m2s72
l 5cm Ay 0.2 Ao
p 1.06 gm / cm? f 1.2 Hz
Ry 0.25cm Ax 0.0125
k 1 Az 0.1
M 2 amp/sec At 0.0125
t 100 M 3.5¢P
o 1.8cP B 2.5
He 20 % to 50 % q 2
P +0.01, £0.015 Y 0.95t00.98
t 0.1, 02,...,0.85 sec H, 0.2 Tesla

4.1 Axial Velocity

Axial velocity is an essential factor that needs to be regulated to avoid further complications in
diseased arteries. There is a requirement to balance a lot of parameters to regulate velocity. The
movement of blood flow in the core region in both diverging and converging arteries is shown in
Figure 2 for different magnetic field gradients. It is noted that axial velocity reduces as r increases for
smaller gradients. Axial velocity at 7 = 0.2 in the diverging artery and at r = 0.12 in the converging
artery are the same irrespective of the gradient of the magnetic field. Axial velocity stabilizes for
higher values of gradients (H = 40000).
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Axial Weloeity in core region atz=4 in converging artery
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£
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=
2 oA
K
0.4 4
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— H=10000
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064 |. —. H=30000
----- H=40000
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0 0.05 01 0.15 0.2

Fig. 2. Axial velocity in the inner region for different gradients

Axial Welocity

Axial Velocity in core region at =4 in diverging artery
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Figure 3 illustrates the trend of axial velocity in the core region for different r. Axial velocity
decreases steadily as z increases from 3 to 5, then increases in the converging artery. In contrast, a
slight decrease is observed in the beginning and a drastic increase later in the case of the diverging

artery.

Asial Welocity
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Fig. 3. Axial velocity in the core region for different r
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It is established from Figure 4 that the axial velocity is linear and inversely proportional to r. Lower
axial velocity is observed with increasing gradient in the diverging artery, and a precisely opposite
trend is observed in the converging artery.

In all these cases, the velocity is higher for higher values of Jeffrey parameter A;. Velocity is less
when A, is small (between 0 and 1). As A, increases further from 1 to 2, velocity rises significantly.
The velocity drops down to zero at the throat of the stenosis; the rate of decrease is higher in the

latter case.
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Axial Velocity for different H at=4 in converging atery Axial Velocity for different H at =4 in diverging artery
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Fig. 4. Axial velocity in the outer region for different gradients

Figure 5 displays the behavior of velocity against viscosity at z = 2.5 in converging and diverging
arteries. Radial coordinate and hematocrit are two factors that influence the viscosity. Axial velocity
is inversely proportional to viscosity. Viscosity is low near the radial line of the artery. Hence, there
is a negligible difference in velocity, and as we move away from the radial line, the rate of change of
velocity is higher.

Axial Velocity for different time at z=2.5 in converging artery Axial Velocity for different time at=2.5 in diverging artery
3 3
28+
25+
26 7
2.4 5]
224
& £ 15
2 24 H
] o
= =
= 1.8+ =
5 < 17
1.6 o
1.4 051
1.2 4
o4
] ]
og T T T 0.5 T T T
2.4e-02 2.8e-02 2.8e-02 Je-02 3.2e-02 2e-02 25e-02 Je-02
Wiscosity Wiscosity

Fig. 5. Axial velocity in the inner region at z = 2.5

Figure 6 represents a comparative velocity profile at z = 4 in the core region. Velocity drops as
we move from the radial line to the stenosis wall and becomes zero at the end. It is required to
manage Jeffrey parameters to raise / lower / balance velocity along with other vital parameters
related to magnetization.
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Axial Velocity along radial direction at==4 in diverging artery Axial Welocity along radial direction at =4 in converging artery
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Fig. 6. Axial velocity in the core regionat z = 4

The percentage of hematocrit is varied to observe the velocity behavior. A significant variation in
velocity is observed in diverging arteries for different hematocrit values, which is not the case in
converging arteries (Figure 7). A higher hematocrit level helps to increase the velocity near the center

line of the artery.

Aocial Welocity for different H at =4 in diverging artery
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Fig. 7. Axial velocity in the core region for different hematocrit at
z=4

4.2 Volumetric Flow Rate
Figure 8 elucidates the rate of change in flow rate for the fixed tapering angle in diverging and
converging arteries. Initially, the flow rate decreases quickly in the converging artery compared to

the diverging artery. In the next phase, the increase in flow rate is low in the narrowing arteries and
high in the widening arteries.
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Wolumetric flow rate in converging artery
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Fig. 8. Flow rate for different tapering angle

Figure 9 represents the style of flow rate with respect to time factor. The increase in flow rate
with respect to t is more significant at the ends of stenosis in the diverging artery. In contrast, in the
converging artery, even though the flow rate increases as t increases at the ends, it decreases in the
middle of stenosis. Significant variation is observed at the throat in the converging artery, and no
change in the diverging artery as the artery is widened.
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Fig. 9. Flow rate for different time

A comparative visualization is given in Figure 10. The result in the diverging artery indicates that
the stenosis, or narrowing, has a relatively small impact on the volumetric flow rate. A significant
change is observed in the converging artery to contradict this story. This means that tapering angle,
time, and magnetization parameters strongly influence the volumetric flow rate in narrowing
arteries. The results suggest optimizing and controlling these factors is essential to ensure a stable

and desired flow rate in narrowing arteries.
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Fig. 10. Volumetric flow rate in different cases

Figure 11 demonstrates the flow rate trend for different gradients by varying viscosity. The
viscosity is assumed to vary w.r.t. position, i.e., radial coordinate. The flow rate decreases in the first
half and then increases after the stenosis peak. A turn in the profile is observed in the diverging artery
between z = 3 and z = 5. There is no notable change as viscosity varies w.r.t. hematocrit, which is
not displayed in the figure.
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Fig. 11. Flow rate for different gradients
4.3 Wall Shear Stress

The time (t) parameter is considered while drawing Figure 12. Accordingly, it is observed that
shear stress decreases as t increases from 0.1 to 0.5. The stress starts increasing from t=0.7 again. In
addition to this, it is noticed that shear stress is higher in converging arteries than in diverging
arteries.

61



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 121, Issue 2 (2024) 48-64

Wall shear stress in diverging artery Wall shear stress in converging artery

Wall shear stress
Wall shear stress

&
w
I
[
a
-l

=z

Fig. 12. Shear stress for different t

The wall shear stress is analyzed for two values of magnetic field gradient, 10000 and 20000, and
the results can be observed in Figure 13. Magnetization, tapering angle, and time play a crucial role
in shaping the profile of wall shear stress. There is no significant difference, although there is a
difference in gradient values. In other words, we can conclude the influence of magnetic field

gradient is insignificant on shear stress.

Wall shear stress in different cases when H=10000 Wall shear stress in different cases when H=20000)|

Wall shear stress
Wall shear stress

t=0.1.M=2, p=0.01
—— t+=0.3,M=2, y=-0.01
p—a—» =0.5 M=3, p=0.01
— — t+=0.7.M=3, y=-0.01

..... 0.1, M=2, p=0.01
—— t=0.3,M=2, =-0.01
24 g8 =05 M=3, p=0.01 o4
— — t+=0.7.M=3, p=-0.01

T T T T
2 3 4 5 [} 7 2 3 4 5 [}

Fig. 13. Shear stress forZ—Z (H) = 10000 and ‘;—Z(H) = 20000

5. Conclusion

This study discusses the effect of a magnetic field on the flow characteristics of blood flow
through tapered stenosed arteries. The flow is deemed to be unsteady and two-dimensional. The
study focuses on estimating the connection between arterial disease and biomechanics by examining

the influence of magnetization, tapering angle, relaxation, and retardation time.
The study results show that the vital characteristics of blood flow through stenosed arteries are
affected. The results obtained agree with previous findings, indicating the validity of the approach.
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The study reveals that the externally applied magnetic field strongly influences flow rate and axial
velocity. Conversely, its significance is much lower in the case of shear stress. In other words, the
magnetic field significantly impacts blood's movement and flow rate. Still, its effect on the force
experienced by the artery walls is relatively tiny.

The results found in this study can predict the behavior of significant characteristics of blood flow
in different conditions. These parameters support stabilizing the flow and are visualized in the figures.
These points make the study valuable for medical practitioners as they can use this information to
develop new treatment approaches for atherosclerosis, a condition characterized by the narrowing
of arteries due to plaque buildup. By understanding how blood flow is affected in stenosed arteries
and the influence of factors such as magnetization, tapering angle, and time, medical practitioners
can develop more effective treatment modalities for associated ailments.

Furthermore, there are several characteristics of blood flow and numerous parameters affecting
the flow of blood in stenosed arteries, and the current study examined three crucial characteristics,
axial velocity, flow rate, and wall shear stress, by varying a few parameters. There is a scope to study
the remaining characteristics of blood flow by varying other parameters so that the result will be
more specific and it is possible to get a clear idea of how much magnetic field is required to regulate
the blood flow in the stenosed artery.
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