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Abstract

This research paper focuses on the study of magnetic effects on gold nanoparticles
suspended in the base fluid through an artery in the presence of overlapping stenosis. The
research is conducted on a blood vessel under mild stenosis approximations. The relevant
equations are solved to find precise solutions for temperature, speed, and the resistance to
the flow. The impact of different factors on the flow is examined using graphs. The analysis
also concludes that gold nanoparticles are effective in improving the blood flow dynamics
caused by blockages and could be beneficial in medical applications. The findings suggest
that nanoparticles can serve as carriers for drugs to lessen the impact of resistance to blood
flow.

Keywords: Magnetic field, overlapping stenosis, nanoparticles, resistance to the flow and
shear stress.

1. Introduction

The study and simulation of blood circulation in narrowed arteries play a crucial role in the
field of biology. The groundbreaking advancements and developments in the medical and
health sciences have greatly benefited humanity, yet cardiovascular illnesses remain the
leading cause of fatalities, even in affluent nations. Atherosclerosis or Stenosis stands as a
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significant health concern. It's commonly understood that when an artery is narrowed due to
atherosclerosis, blood flow is disrupted, leading to serious cardiovascular issues. The way
blood behaves in such arteries is markedly different from its normal counterparts due to the
accumulation of plaques, which are composed of fatty substances and cholesterol. This
condition is medically referred to as atherosclerosis or stenosis.

Stenosis can lead to serious cardiovascular problems by obstructing blood flow. For
instance, when an artery that feeds the brain becomes narrowed, it can result in a cerebral
stroke. In a similar vein, when there's Stenosis in the arteries that provide blood to the heart,
it can trigger a myocardial infarction, which in turn may lead to heart failure. The behavior
of blood in both healthy and narrowed arteries differs significantly. The dysfunction of the
cardiovascular system is intricately linked to the flow pattern and the physical
characteristics of the artery. With a narrowing, the space for blood flow decreases, leading
to disruptions in the blood's flow pattern. These disruptions result in fluctuations in the
volume of blood flow, shear stress, and resistance. The mathematical analysis of blood flow
issues 1s vital as it offers comprehensive insights into various flow and geometric
parameters.

Elastic permeable or moveable artery walls are both possible. Thus, knowledge of the
principles governing blood circulation in stenotic arteries is essential. Based on this, a large
number of theoretical and experimental models have been put out by different researchers
over the past few decades to explore the blood flow during artery stenosis by classifying
blood as either Newtonian or non-Newtonian fluids. (Texon [1], Shukla et al., [2], Young
[3], Morgan and Young [4],Lee and Fung [5], Padmanabhan [6], Ang and Mazumdar [7],
Macdonald [8], , Majhi and Nair [9]). The constrictions in the majority of these theoretical
models are taken to be single Stenosis. But Stenosis can form in different shapes such as
multiple, overlapping and irregular shapes. A mathematical prototype has been developed
by V.P. Srivastava and Shailesh Mishra [10] to examine the effects of overlapping Stenosis
by considering blood as non-Newtonian ( Casson fluid) fluid . The result of transverse
magnetic field and multi-Stenosis on the blood flow in blood vessel was developed by
Varshney et al. [11]. Zaman et al.[12] discussed the effects of composite heat and mass
transfer on blood flow in arterial segment with overlapping stenosis. Maruthi Prasad et
al.[13] studied the effects of an overlapping stenosis in blood vessel by considering blood as
couple stress fluid. The unsteady blood flow via an overlapping stenosed artery in the
presence of a uniform magnetic field and periodic body acceleration is investigated by
Abbas et al. [14].

Nanofluids are very important to researchers and have a lot of applications in all fields like
medical, engineering and sciences etc. Heat transfer fluids that contain designed suspension
nanoparticles (sizes ranging from 1 to 100 nm) scattered within the fluid are referred to as
Nanofluids. These are essential to medical science and therapy in areas such as drug
delivery, in vivo therapy and coating medical equipment for better biocompatibility and
cancer treatment. They are useful in heat transfer technologies, such as thermal management
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systems and microelectronics cooling, because of their special qualities, which include
increased thermal conductivities and convective heat transfer (Shahzadi et al.[15], Hayat et
al.[16] and Prasun Choudhary et al.[17]). A.S. Dawood et al.[18] investigated multi effect
analysis of nano fluid in narrowed blood vessel. Hassan Waqas et al.[19] inspected the
numerical model of hybrid naofluid with nanoparticles such as silver and gold across
narrowed artery. Importance of body acceleration and gold nanoparticles through blood
flow in an uneven inclined Stenosis blood vessel was developed by C.S.K.Raju et al.[20].

Motivated by the previously mentioned papers, an endeavor has been undertaken in this
manuscript to examine the impact of magnetic force on blood flow, employing gold
nanoparticles and water as the base fluid. This fluid is thought to flow through an
overlapping, stenosed artery (Fig. 1). The examination is done analytically. The influence of
diverse significant parameters on flow variables has been detected over the diagrams.

2. Mathematical Formulation

Consider the steady, incompressible and axisymmetric flow of blood through a circular tube
of length ‘L’, in the presence of overlapping stenosis as shown in Fig.1.
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Figl: Geometry of the Stenosed artery

The geometry of the artery wall is defined mathematically as [6]
_R@ _,

" Ro(2) 2R, L5

d<z<d+\L,

[11(z — d)L3 — 47(z — d)?L3 + 72(z — d)3Ly — 36(z — d)*],

=1, otherwise.
(1)

Here R(2) is the tube radius in the stenotic region and R,(z) represents the radius in the
non-stenotic region, d is stenosis location and Ly it’s length , § is the maximum height of

. 5 o D 8
the stenosis located at z = d + %, z=d+ % . The critical height is taken as 37 atz=d+

Ly/2, from the origin.

The governing equations for conservation of mass, momentum and temperature for an
incompressible nanofluid can be taken as (see ref[11]),
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With the conditions
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In the above equations uand v are components of velocity in r and z directions, T is the
temperature of fluid, Q (isthe constant heat absorption or heat generation, i is the dynamic
viscosity, p,r is the density, kyr is the thermal conductivity, ayr is the thermal diffusivity
and (pcp)ny is the heat capacitance of the nanofluid given as ,

nf — Bf

bnf = @ = )25 ks + 2k + 20 (k; — k)

pny = (L= @)ps + @ps, (pcp)ny = (L — @) (pcp) s + @(pcp)f

Introducing the following non-dimensional variables

__r _ z __LO _u d_d E—R
"Ry T, YTeu” YU L, "R,
oBZR? aR2T, _ 6 T—T
M? = 0 O,Gr=g 0 opnf’az_’g= 0
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Where U is the velocity averaged over the section of the tube with radius R, .
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After using the non-dimensional variables in equations (2)-(5) and also making use of the
. . .. 8 . )
mild stenosis conditions € = ? = 0(1),R— « 1, the reduced equations along with the
0 0

boundary conditions are (after dropping the bars)

op _

5 =0 3
dp_ 1 10 ( 0u\_ .,

dz (1-@)25ror (T‘ 6r) M*u + Gre (9)

L2 (%) +ﬁ(@) =0 (10)

ror kf

Where M, and G, are the Hartmann number, heat absorption parameter and Grashof
number respectively.

The no boundary conditions are:

ou 20

—=0-=0 atr=0 (11)
u=0606=0 atr=nh (12)
3. Solution

The exact solutions of equations (9) and (10) are obtained as

1 dv_ﬂ(k_f)

. M2dz M2 knf
Velovity, u = W ]o(MT\/ (1 - (p)Z.S)
_GB (kN2 _p2y_ L dp | GB(kr
4M? <knf) (T h ) M2 dz + M?2 (knf> (13)
Temperature, 6 = _Tﬁ (:—f) (r? — h?) (14)
nf

The dimension less flux qis

q=2 fohrudr.
1dp_ %(k_f)
_ [ MZdz~ M% \kyy hll(Mh (1- <p)2-5) . G.B <kf> G,Bh? ( kf>
lo(Mhy(T = 9)75) MJ(1 — )25 16M% \ky;) ' 2M? \knf
h? dp
M? dz
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It implies,

GrB /k_f> GrﬁhZ{k_f>+GA;_§<k_f)< ( hll(Mh (1-<p)2-5) >

z 2
i 16M2\kny ) 2M? \kny knf Mh\/(l—(p)Z-S)M\/(l—(p)z-S

@ ey h/ 11<Mh [a-¢)25) )

27 3
M \Io(MhJ(1—<p)2-5>J(1—<p)2-5

(15)

. . . A 1d
The impedance resistance A is defined as A = 310 =—J, d—zz’ dz

The pressure drop without stenosis (h = 1) is defined as Ap,, = [— folz—zz) dZ]

. . . : A
The impedance resistance in the normal artery is defined asd,, = %

h=1

The normalized impedance defined as A = %

n

. hd
And the wall shear stressty, is defined as 7, = — Ed—:

4. Results and Discussion:

In this section, the results are interpreted through the graphs. The effects of stenosis
height(&) and heat source or sink parameters () on temperature is shown in Figs.2-3. The
temperature rises when the stenosis height and heat absorption parameter increases. The
temperature is maximum at the center of the tube and minimum near the walls. It is also
noted that the temperature variation in Au blood is more than the pure blood.

The variation in velocity against the radial axis for different values of 6,0,G,, M is
presented in Figs.4-7. It is observed that the velocity is high at the center of tube and
gradually decreases , the velocity is zero at the wall of the artery. It is also noticed that, the
velocity increases with height of stenosis, heat absorption parameter, and Grashof number
but decreases with Hartman number. The Au concentrated fluid has more velocity when
compared to pure fluid (@ = 0).

Figs.8-10, depicts the impedance resistance change with respect to stenosis height for
different values of heat absorption parameter, Grashof number, Hartman number, flow rate.
It seen that the impedance resistance increases with the height of the stenosis, Hartman
number, flow rate and decreases as heat absorption parameter, Grashof number increases. In
all these figures, we observed that the flow resistance is less in Au blood, when it is
compared to pure blood.

The wall shear stress against the axial distance for different values of heat absorption
parameter [3, stenosis height, Grashof number and Hartman number is plotted in Figs.11-13.
It is seen that the wall shear stress is increases with stenosis height and heat absorption
parameter and decreases with Grashof number and Hartman number. It is also noticed that,
the wall shear stress increases from z = 0 to z = 0.26 from there it decreases to z = 0.4 and
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again it increases to z = 0.53 from there it gradually decreases and approaches zero. This
shows that the walls shear stress is maximum at the throats and minimum at the critical
height of the stenosis. It is keenly observed here that the wall shear stress is more for the
fluid when the gold concentration is more in the fluid. For pure fluid the shear stress at the
walls is low.

The relevant equations are solved to find precise solutions for temperature, speed, and the
resistance to the flow. The impact of different factors on the flow is examined through the
use of graphs. The analysis also concludes that gold nanoparticles are effective in improving
the blood flow dynamics caused by blockages and could be beneficial in medical
applications. The findings suggest that nanoparticles can serve as carriers for drugs to lessen
the impact of resistance to blood flow.
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5. Conclusion:

The present analysis is concerned to the gold nanoparticles in the base fluid for the
axisymmetric flow through an artery with overlapping stenosis. In this model we studied the
effects of various parameters like stenosis height, Grashof number, heat source or sink
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parameter, Hartman number on the flow characteristics velocity, resistance to the flow and
wall shear stress.

The main conclusions are given below:

1.  The velocity profile increases with height of stenosis, heat absorption parameter, and
Grashof number but decreases with Hartman number.

2. It seen that the impedance resistance increases with the height of the stenosis,
Hartman number, flow rate and decreases as heat absorption parameter, Grashof number
increases.

3. It is observed that the wall shear stress increases with stenosis height and heat
absorption parameter and decreases with Grashof number and Hartman number.
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