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ARTICLE INFO ABSTRACT

Handling Editor: Dr Y Su The improvement of heat transfer is the focus of this paper’s innovative theoretical ternary hy-
Keywords: bridity nanofluid (HNF) prototype. In this examination, blood is employed as the conventional
Ternary hybrid nanofluid liquid, and the tri-hybrid nanomolecules Au, Ag, and TiO are submerged in it. The extension has
Sisko fluid been made in the conventional Tiwari and Das hybrid nanofluid model to transform it for the case
Viscous dissipation of a trihybrid nanofluid. By consuming resemblance variables and the Keller box methodology
Keller box method (KBM) to resolve the ordinary differential equations (ODEs) resulting from the conversion of the
Joule heating liquid flowing and temperature formulas. The results are graphed, and it is shown that the tri-
Tiwari and Das model hybridity nanofluid (THNF) has greater thermal conductance than the HNF. The heat trans-

ference rate increases in the situation of an augmentation in thermal conduction and radiation
effect which helps remove the toxic plaque from the blood flowing through arteries. This addi-
tional heat produced because of amplification in thermal radiative fluxing is used to open rigid
arteries through which the blood is flow.

1. Introduction

A particular fluid can flow intimate an escalating or constricting conduit with permeable walls, allowing the liquid to enter or
depart, to replicate certain fluid movements in biological organisms [1]. This practical model may be used to study the hybrid
nanofluid (HNF) movement performance intimate the lymphatic, effervescent diaphragms, percolation, blood current, synthetic
dialysis, dual fume dissemination, blood, and air movement in the breathing system, as healthy as medication administration. Sarwar
et al. [2] achieved the computational solutions of plasma flowing via a stenosed vein and furthermore investigated the heat trans-
ference rate of plasma flowing via these veins. These are some critically significant situations. As the two primary biological filters in
our bodies, the kidneys and respiratory system, outflow from the side end of the passageway bedsteads and equivalent reappearance
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movement at the intravenous end are critical to the mass transmission of different key components concerning blood and material.
Padma and Selvi [3] scrutinized the effect of magnetic field and slip conditions on nanofluid moving through a stenotic artery. This
modeling might be a useful and thorough representation since the respiratory system is crucial for the movement of mass, oxygen, and
other biological factors [4,5].

Using a novel mass-based model of blood HNF movement in the direction of an impermeable stretched slip, Jalili et al. [6] achieved
both numerical and analytic solutions of blood flowing through a slanted vein having moderate stricture and investigated the outcome
of hybrid nanofluid on the blood flowing to probe thermal performance. Since pure blood serves as the foundation of our model, it is
noted by Ijaz et al. [7]. Electroosmotic forces’ effect on blood flow through diseased were interrogated by Sara et al. [8]. Gandhi et al.
[9] explored the heat transfer effect of blood flow subjected to the bell-shaped occluded artery with the inclusion of effects like viscous
dissipation and Joule heating. The influence of inclined magneto force on the blood flowing across a stenosed vein was deliberated by
Sharma et al. [10]. While broad blood arteries exhibit the reverse behavior and act like Newtonian fluids, slender blood containers,
where the pressure gradient is greater, are more pronounced in their non-Newtonian nature. The shape under study is a bigger artery,
therefore Shahzadi and Bilal [11] presented a reasonable study to anticipate that blood behavior will follow Newtonian laws.

Applications for ternary hybrid nanofluids (THNFs) have newly been proposed in the study of blood flow. Dolui et al. [12]
examined the current and rapidity slide possessions on the movement of blood using the THNFs model with the inclusion of a combined
magnetic field and thermal-based radiation. Saleem et al. [13] studied the thermal of cilia-motivated transition of diffused blood-based
THNFs in the exploit of slanted magneto force. Abeer et al. [14] studied the drug delivery aspect of blood-based tri-hybridity fluid
flowing via a punctured vessel and detected that the heat transference rate amplifies because of enlargement in the thermal radiative
effect. Sajid et al. [15] implemented a newly developed tetra hybrid nanoliquid prototype on the blood flowing through a stenotic
artery concerning thermal radiation and Cross non-Newtonianism liquid type. Riaz et al. [16] considered the understanding of the cilia
signal of electrically directing Cu-blood THNFs through an unchanging curled frequency when entropy generation is substantial.
Rathore and Sandeep [17] designed a computational framework for the invention of a hybrid nanofluid with respect to blood as a
conventional liquid flow through the stenotic artery. Abidi et al. [18] presented review studies on the advantages of THNFs including
the blood-base flow. Gandhi et al. [19] investigated EMHD impact on the blood flowing via the stenosed vein.

A fundamental model for representing movement in the Newtonian and power-law dominions is the Sisko fluid model (SFM) [20].
Recently, the SFM are applied to simulate the performance of blood flow. Sarwar and Hussain [21] analyzed the influence of gold
nanomolecules on the blood flowing via the stenotic vein. Almaneea [22] interrogated the heat transfer aspect of SFM with the uti-
lization of thermal radiation and hybrid nanoparticles in blood and came up with a decision that the incorporation of nanoparticles in
the blood increases heat transfer of the blood. Numerical studies are presented in the case of blood flowing via vessel with the
consideration of the heat flux model by Foong et al. [23] and Wagqas et al. [24]. Bilal and Saeed [25] achieved the numerical solution of
SFM flow subjected to contracting/expanding disk accompanied with nanoparticles.

Additionally, due to their extensive use in physiological therapies, magnetohydrodynamics (MHD) and heat transfer have attracted
an excessive amount of attention. Recent noteworthy MHD investigations are reported by many authors. Elelamy et al. [26] explored
the blood movement of MHD non-Newtonian THNFs with temperature assignment and slide properties, where the implementation of
microbial evolution in the heart regulator is suggested. Dahab et al. [27] consumed the frequency movement of MHD Sisko liquid
owing to the peristalsis with the addition of consequences such as heat generating (absorbing) and Joules heating. Kumar et al. [28]
presented a presentation of thermal source and biochemical response in MHD blood movement via permeable split channels with
motivated magnetic field in tumor actions. Dadhich et al. [29] inspected the effect of viscid dissipative flowing and mixed convection
on magneto Sisko fluid flow subjected to a wedge. Another fractional model is presented by Majeed et al. [30]. Tanveer et al. [31]
deduced the theoretical examination of peristaltic movement in magneto blood flow of non-Newtonianism substances. Yin et al. [32]
studied the behavior of microbes and nanomolecules on Sisko fluid flowing via a stretching tube. Ahmed et al. [33] investigated the
covalent bonding relationship between molecules of Sisko fluid flow towards a curved surface accompanied by a magnetic field effect.
Kumawat et al. [34] computed the irreversibility phenomenon of magnetized blood flowing via a penetrable artery underneath the
effect of varying viscosity.

Due to possible applications in public health, a study on the effects of heat radiation and double diffusion is crucial. Additionally,
because blood includes ions that make up an electric current, the hall-effect may be utilized to gauge blood movement frequency.
Sreedevi et al. [35] examined heat and mass transfer analysis of nanofluid accompanied by effects like thermal-based radiation and
chemical reaction flow over expendable sheets having linear as well as nonlinear in nature. Asha et al. [36] explored the behavior of
gold nanomolecules on the peristaltic movement of blood with the inclusion of thermal radiation in the instance of Jeffrey liquid with a
double diffusion effect. Abd-Alla et al. [37] contemplated the peristaltic phenomenon of blood flow through a symmetric channel
under the influence of inclined magneto force. Kumar et al. [38] probed the impact of heat sources and chemical reactions on
magnetized blood flow through permeable arteries for tumor treatment. The impact of ternary nanomolecules and magneto force on
cilia-actuated transport of blood flow was explored deeply by Saleem et al. [39]. Manjunatha et al. [40] probed the influence of ternary
hybrid nanoparticles on blood flow over a bi-directional slippery surface and remarked that heat transference rate magnifies extra in
the presence of ternary nanomolecules. biomedical features of entropy generating on MHD blood movement of THNFs with non-
linearly current energy and non-uniformly temperature generating (sinking).

In many systems that are susceptible to significant fluctuations in gravitational force or that operate at high speeds, the viscous
dissipation and Joule heating (VD&JH) effect is a key factor in natural convection. Gandhi et al. [41] modeled and analyzed MHD of
HNF-gold blood-based preparation distribution through a bell-shaped obstructed artery with VD&JH and variable viscosity posses-
sions. The effect of a magnetic field on stagnated hybrid nanofluid accompanied by viscous dissipation and Joules heating was
interrogated in detail by Zainal et al. [42]. Venkatesan and Reddy [43] introduced a vision into the changing aspects of blood assigning
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alumina HNF related to Lorentz force, VD&JH, thermal radiative, and heat generating. Waini et al. [44] investigated the performance
of CoFep04-TiO2 hybridity nanomolecules on micropolarity liquid flowing subjected to an expandable medium accompanied with VD
effect. Sridhar et al. [45] evaluated the thermal radiative fluxing and VD&JH possessions on blood-Au couple stress HNF flowing
determined by electroosmosis. Sulochana and Shivapuji [46] numerically achieved the solution of hybrid nanofluid accompanied with
VD & JH effects.

One of the numerical approaches for tackling issues is KBM, which is an implied procedure for lessening a collection of ODEs to a
scheme of 1st-order DEs. Many scholars that study THNFs and HNFs, in general, utilize the KBM extensively. To increase the thermal
efficacy, proportional analysis, mono phase analysis, thermal expansion optimisation, and computational efforts with the utilization of
KBM and various types of THNFs. Anwar et al. [47] utilized the Keller box scheme to achieve the numerical solution of magneto
Williamson nanoliquid flowing towards an inclined sheet. Arif et al. [48] achieved the solution of 2nd-grade liquid accompanied by
hybridity nanomolecules and activation energy sense with the help of KBM. Shi et al. [49] scrutinized the behavior of micropolar liquid
past an exponentially curved surface and furthermore solved the proposed model numerically with the utilization of KBM. Jamshed
et al. [50] investigated the consequences of magnetic nanoparticles on Eyring Powell liquid and handled the model numerically with
the help of the KBM scheme. Ahmed et al. [51] scrutinized diffusion thermo/thermo diffusion effect on third-grade liquid flow across
an expanding cylinder and solved the modeled PDEs numerically with the utilization of KBM. Alwawi et al. [52] optimized the HT by
MHD THNFs across a cylinder using the KBM. Ullah et al. [53] explored the heat and mass transference analysis of Casson nanofluid
past a porousness wedge accompanied by MHD and chemical reaction effect and achieved the solution with the KBM technique.
Numerical solutions with the help of KBM for the situation of micropolar liquid flowing via a curved surface with the help of KBM were
presented by Shabbir et al. [54]. Numerical investigations based on KBM were given by Kumaran et al. [55].

1.1. Motivation

Nanoparticles are effective in the treatment of cardiovascular diseases. The attributes and physical properties of nanomolecules like
size, structure, and surface provide improved treatment plans in terms of cures for cardiovascular diseases, and the transport of
nanomolecules into the arteries mostly relies on their physical properties of nanoparticles. Research throughout the world has
endeavoured to find the effect of nanoparticles on the blood flowing through blood vessels with the insertion of diverse impacts. The
motive behind this examination is to discover the impact of trihybrid nanomolecules on the blood flowing via veins in the presence of
magnetism force, thermal-based conduction, and thermal radiation. Tiwari and Das hybrid nanoparticles have been expanded for the
status of tri-hybridity nanomolecules. This work becomes novel after the inclusion of the trihybrid Tiwari and Das model with the
inclusion of MHD, Joule’s heating, dissipation effect, and thermal radiation. Additional heat is produced in the status of trihybridity
nanomolecules which are used for various purposes like the elimination of toxic materials from the blood and opening of rigid arteries.

1.2. Novelty

The novelty behind the present research is given below.

e Extension has been made in one-phase hybridity nanoliquid prototype to transform it into a ternary hybrid nanofluid.

e Heat transference examination in the status of trihybridity nanomolecules passed a stenosed with the consideration of magnetism
force consequence is never studied yet in the available literature with the consideration of combined thermal radiative, viscidness
dissipative, Cattaneo-Christov heat flux and Joule’s heat up effect.

Lo/2

Normal flow Plaque

Fig. 1. Visual illustration of typical blood flowing via vessel with plaque.
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2. Mathematical formulation

Fig. 1 is constructed to reveal the behaviour of blood-flowing veins having a length %" with regard to the Sisko liquid type. Magneto
force is utilized in the path normal to the blood flowing. The temperature effect of the fluid is inspected with the inclusion of diverse
phenomena such as the Cattaneo-Christov heating flux model is also considered to inspect the outcome of heat transference for the case
of blood flow stenotic arteries, Joule heating, viscid-dependent dissipative flow as well as thermal-based radiations. The extended
Tiwari and Das nanofluid paradigm has been considered to study the influence of three diverse types of nanomolecules on the blood
flow through veins. Blood is running alongside x— path and r— path deemed perpendicular to the blood flow and blood flow through
arteries forms a consent-type shape curve. The symbols R(x) and 4 indicate the radius for the case of the artery and the maximum height
in the case of stenosis.

Mathematical expression of the stenosed region is given by

2 4 L
R(x)=Ry~3 (1 +cos(Liox>),T“<x<%:Ro Otherwise

The modeled Egs. (1)-(3) are derived from impetus preservation law, the Navier-Stokes equation, and the second law of ther-
modynamics beneath the effect of boundary layer assumptions. The governing modeled PDEs are given by

o(ru)  9A(rv) _
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The accompanying boundary constraints are:

r=R:u=uy,v=07T=T,,
r—oo : u—0,T->T,. } @
Descriptions regarding the thermophysical attributes for ternary hybridized nanoliquid offered by
Y = Hy
hnf — . . S50
’ (1*(/’1)25(1*%)25(1*(/’3)25
Ping = [(1 - (ﬂl){(] —@,) [(1 - ‘ﬂ.%)/’f +/’3(/’3} + P20, } + P, L )
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Thermal conductivity is given by
kg (= D)k — (kip — k3) 3 (n — 1) + ks
Ky (khn_/ - k3)¢3 + (n— Dy + k3 '
Ky _ (n = Dy — (knf - kz)(ﬂz(” “D+k 6)
o (kor — k) @y + (0 — Doy + ke
ka o (n — 1)kf - (kf - kl)gal(n - 1) +k1
ky (ku = K1)y + (n = Dky + k2
Electrical conductivity is given by
Table 1
Thermo-physical attributes.
Attributes Blood Au TiO, Ag
P 1050 19300 4250 10500
Cp 3617 129 690 235
k 0.52 310 8.953 429
0.667 4.1 x 10° 2.4 x 10° 6.3 x 107
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7

Thermophysical properties of TiO, Al,03 and SiO2 nanomolecules and blood as a conventional liquid are described in Table 1.
The statement involving Rosseland’s guesstimate is
46* oT*

qr= T3 E7 (€))

however ¢* and «* comparatively illustrates Boltzmann’s fixed value and absorbing factor, correspondingly.

3.

Solving methodology

Consider the suitable conversions mentioned above

_ UoX R Jupv _T-Ts
u= L()f (77)!‘}7 r LO f(r/)79('7)77~w_]~w7

©
_ =R [u
=5 \Ly
Egs. (2)-(4) are translated into the subsequent dimensionless formulas as a consequence of the preceding conversion.
m ' n-l n—1 n /2 7

(127" 420 +AS(L+2m)T (01 +2m) (=) f" = r(f")" = Az (F° =1f) = ArAeAsMF =0, (10)

A 4 / / (1 +27’7) 12 el 1\ /2 2t A

s((1+Rd)(1+2yn)0" +2y0 ) + Ay Prf6 + PrEc A—f +S(1+2rm) = (—=f")" | +AsMPrEcf " — Ay Pr 4, (f*0" +£ 6 ) =0,
1

an

The boundary constraints (5) change to the subsequent structure:

n:0:f,(71):07f’(f1):179:1-,} "
N0 +f (1)=0,0()—0. (12

The next non - dimensional variables are derived from Eqgs. 10-12:

a (ux [ " vrLo uix?
S=—\71\/-—7) v=\mE=F"Tri—3"
#e \ Lo '\ vrLo uoR o (T — To)Lo

L WCo)y \y_ LoosBY ,  uo
3k koo kf ﬂfu() LO

The Nusselt amount and local wall friction component are supplied by

27, w
cr :/ﬁ,mx :ﬁ, 13)
whereas the shear stresses 7y;, 7y;, surface heat fluxing q,, are intended by

T = Py %7 a (73—1:) ", qw= — k,hnfg—f. (14)
The non-dimensional way of frictional force is characterized by

CRel =" = S~ s)
It is conferred by the non-dimensional Nusselt number

NuRe'? = — As6f (16)

whereas A, Az, A3, A4 and As are given by
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1
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4. Keller box method: 2nd order convergent

4.1. Methodology

The Keller-box procedure is managed to solve Egs. (9) and (11) subject to boundary constraints (12). Despite recent developments
in other numerical approaches, this process appears to be the least adaptable of the basic ways, and it continues to be a strong and very
reliable solution for parabola boundary layer fluxes. It can also solve problems of any order and is unconditionally stable on outcomes.
A flow process chart (Fig. 1S) depicts KBM stage-by-stage approach.

4.2. Transformation of ODEs

We begin with establishing new independent variables: Qy; (x,7), Qy2(x,n), Qys(x,1), Qya(x,n) and Qys(x,n) with Qy; = f,Qy, =
f,Qys =f",Qys = 6 and Qys = 6. Given these conversions, Eqs. 9-12 is diminished to the subsequent 1st-order structure

dQy,
=Q 18
g (18)
dQ
2 _Qy,, (19)
dn
dQ
Y Qys, (20
dn

(1+27m)Qy3 +27Qy,+A (1 + 27m)' 7 (n(1+27m)) (—Qy3)"' Qs — 7 (— Q)" — A1A2 (Qy,* — 3Q1) — A1 AAMQy, =0, (21)

, 1+2 nel n /
As((1+Rd)(1+2ym)Qys +27Qys) + +AsMPrEcQy; + Ay PrQy, Qys + PrEc (7( 3 M)ngerS(l +2m) T (—Qy3) ) —Aq Priy (s
1
+y1y3y5) =0, (22)
1 . - . . - .
0.9 ) __ Tri-hybrid nanoparticles |

»»»»»»»»» hybrid nanoparticles

S=0.1,05,1,1.5

#=0.03,0.05, 0.1

flgl‘l}

Fig. 2. Consequences of S values change on f ().
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n=0:Qyi(0) =0,Qy,(0) = 1,Q.(0) = 1, 23)
n—o0 : Qy,—0, Qy,—0.

4.3. Difference equations and domains discretizing

In addition, domain discretizing in the x— axis is depicted in Fig. 2S. Net points are defined in light of this mesh 7, = 0,7, = 7;_1+
6h,j=0,1,2,3...,J,17; = 1 where 6h is the step size.
Applying central differences formulation at the midpoint 7;_y .

2((@n), = ((@v),.) =ah((@2), - @)1, 24)

2((QYZ)I' - ((Qyz)jq) :5h<(‘Qy3)j - (Qy3)j71>7 (25)

2((@), = ((@u),.,) = (@), — (@), ), (26)
(1+2mm) <((Qy 3); M(” 3)/")) +2y (4(9)'2)1' ‘Z(QW)# 1,> +Als( _ (@) *Z(Qw )f—1> ' —AA, ((('Q” )i ‘Z(QVZ)jq)z

_ ((QYI)f _Z(le)j—l) ((Qy3)j _2(9y3).f1)> —AArA, ((Q—”)f _Z(Qyz)f*‘> =0, (27)

apes ( (@ —Zmyl),l)z((ﬂys),- - h(ﬂm,-,l) (D ) ()~ () () —2(9y5>,-1>) o o8

4.4. Newton method

Egs. 24-28 are linearised by ways of Newtonian linearization methodology

Q) = Q)] + 8@y, (@) = (Q)) + 5(Q)]
Q)™ = (@) +6(Qys)!, (Qua)) T = (Qya)) + 5(Qa)] (29)

J 7
(QYS)}’H = (Qys); + 5(Qys);-

4.5. Block tridiagonal form

Following the linearised scheme has the subsequent block tridiagonal form

BA=¢, (30)
wherein
L] FLVQ]} - [A1] le1]
B= A= and = | |
) fA,,]] [.81—1]
(M) %,[JJ_}I ] FZJJ}_] ] [AJ] /]
Now by factorizing B as
B=LU, (31)
wherein
[w] 1 o]
\" 1 o]
L— , U= s
(v, ] 1 a1
M) [w)] 7]

wherein the overall sizing of the block tridiagonal array B is J x J with all block sizing of supervectors being 5 x 5 and [I], [y,] and [&;]
are order 5 arraies. LU decomposition algorithm is utilized to solve A. A mesh sizing of h = 0.01 is determined to be proper for
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mathematical assessment, and the findings are achieved with an error tolerance of 107>,

5. Findings and discussion

Fig. 2 is constructed to analyze the impact of the Sisko fluid material variable S on the rapidity field f (). It is detected from the
figure that magnification in S amplifies the fluid velocity. The parameter decides the relation between inertial forces and viscous
forces. The inertial forces dominate over viscous powers by the virtue of amplification in S. Pseudo-plastic behavior is detected in the
situation of blood flow through vessels. In contrary to trihybrid nanoparticles, the upward movement of the full far from the vertical
surface is more pronounced in the case of dihybrid nanoparticles. The viscosity of blood gradually decreases owing to magnification in
S which creates a good effect on the human body and avoids heart attacks and strokes. The influence of magnetic variable M on f (1) is
highlighted in Fig. 3. It is stated that an electrical conductive liquid with a magnetic field produces a force termed Lorentz forces which
makes resistance to the blood flowing through arteries. It may be because, when body fluid is revealed to a magneto force, the activity
of magnetized applies a rotating motion to blood electric molecules and magnetic particles, causing them to rotate due to the impact of
the magnetic field. An abatement in fluid velocity is seen because the activity of alignment causes the red cells of blood and magneto
molecules to be extra suspended in the plasma (liquid). Additionally, an improvement in the concentration of magneto particles can
result in a boost in the inner viscidness of the blood. As a result, f (1) diminishes by incorporation of nanomolecules in the traditional
fluid also augments the concentration of the body-liquid which amplifies viscid and diminishes f (i7). The change of power law index n
on f (i) is highlighted in Fig. 4. The variable n determines how much viscous the fluid is. The viscosity of blood increases in the case of
n > 1, decreases in the situation of n < 1, and is Newtonian in the case of n = 1. The viscosity of blood increases by the virtue of
amplification in n. More resistance is produced and viscous powers control the inertial powers. The viscosity of blood increases which
narrows the size of the blood vessel via which blood is flow creating a chance of heart attack, strokes, and arteriosclerosis. It is
remarked that the amplification of fractional size of nanomolecules amplifies the concentricity of particles inside the flood which
diminishes the velocity of blood flow through arteries. The relation between curvature parameter y on f () is revealed in Fig. 5. It is
quite evident that magnification in y guides amplification in the rapidity of the blood flowing. It is crystal clear that a decrement in a
radius of curvature amplifies the curvature parameter and velocity phenomenon. The connection zone amongst the blood fluid and
cylindrical wall is lowered and a lesser amount of frictional force is offered in the case of magnification in y and the body fluid is
shifting more frequently via vessels and chances of heart attack and strokes are getting lower.

Changing of Eckart number Ec on temperature field 0(y) is highlighted in Fig. 6. It is well established that an upswing in Ec escalates
the temperature of the blood. It is observed that frictional heating is produced owing to magnification in Ec. Eckart number is actually
the ratio between kinetic energy to enthalpy difference between the wall and the base fluid. It is perceived that an increasing shift in Ec
transforms kinetic into internal energy in terms of work done by any sort of fluid (blood) against the viscous stresses. The heat inside
the blood dominates the viscosity phenomenon. This factor is more dominant in the presence of trihybrid nanoparticles because
injected nanoparticles in blood enhance the thermal conductivity of the blood and more heat is produced inside the blood which opens
the rigid arteries containing plaque and other waste materials. The arteries become less squeezed under the cause of nanomolecules in
the conventional liquid. An impact of curvature parameter y on 6(n) is portrayed in Fig. 3S. The radius of curvature is opposite to
curvature. An increment change in y lessens the radius of curvature and blood fluid is flowing more smoothly through arteries. The
curvature parameter also escalates because of the incorporation of nanomolecules injected into the blood. It is also observed that
magnification in y diminishes the surface link area of particles present in the fluid and amplifies the average kinetic energy of the blood.
Nanoparticles can boost biological features that decrease complement system activation, lengthen blood circulation times, and lower
toxicity by attaching to plasma proteins like albumin. The influence of magnetic variable M on temperature outline is highlighted in
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_________ hybrid nanoparticles

M=1,2,34
07r
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Fig. 3. Consequences of M values change on f (7).
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Fig. 4S. Lorentz force is produced when electrically conducting blood is flowing through arteries which delivers opposition to the blood
flowing through arteries. When M gradually changes, the viscosity of blood decreases. Viscosity and temperature are negatively
proportionate. The injection of trihybrid nanoparticles like silver, gold, and titanium oxide enhances the temperature of the blood. It is
noticed that when viscosity diminishes the temperature within the blood amplifies which amplifies the temperature field. The liquid is
going away from the vertical surface and this change is much additional noticeable in the instance of trihybridity nanomolecules in
contrast to the dihybridity nanomolecules. An increase in temperature opens the unblocked arteries and removes toxic waste material
present in the blood and the blood moves smoothly across the vascular veins. This type of situation helps to avoid strokes and heart
attack-type situations. It is remarked that a confident variation in consistency index n amplifies the temperature outline as demon-
strated in Fig. 5S. Power law index n is directly linked with viscosity and inversely linked with temperature. Incremental changes in
viscosity blocked the arteries but others amplify the temperature with open the squeezed arteries. Both trihybrid nanoparticles and n
provide a sufficient temperature that amplifies the temperature inside the blood and it moves effortlessly via the vessels and amplifies
the temperature field. Nanoparticles topple the viscosity phenomenon and this alteration is extra prominent in the circumstance of
injection of trihybrid nanomolecules instead of dihybrid nanoparticles and eradicates toxic materials present in the blood and is more
helpful in the case of a disease like arteriosclerosis in which arteries become rigid and additional temperature is required to open the
closed arteries. Prandtl quantity is characterized as an impetus to thermal diffusivity. Heat disperses more swiftly in the situation of
enlargement in Pr amounts that depreciate the fluid temperature as shown in Fig. 6S. Heat diffuses more quickly which brings a lacking
temperature inside the body fluid and the viscid occurrence dominates which rigid the vessels across the body fluid flow. The blood
hardly flows through the squeezing arterial walls. Heat transfer, with temperature within the body fluid, depreciates which diminishes
the temperature field. From Fig. 7S it is observed that confident variations in Rd magnify the temperature field. Thermal radiative
fluxing is employed wherein large temperature distinction is difference involved in getting enormous implementations in the medical
field like thermal imaging, cryobiology, identification of breast tumors, peripheral vascular disorders, and diabetic neuropathy. It is
quite interesting that when thermal radiation falls on the blood the temperature as well as heat transfer inside the blood escalates and
dominates the viscosity phenomenon. Wastes excreted from cells get dissolved in the blood. The waste product occurs in the form of
urea and creatinine. This type of waste material in the blood blockage the arteries. Thermal radiation falls on blood and enhances blood
temperature removing these types of waste materials and opening the blocked arteries and blood is flowing easily through the arteries.
Additional factors like the injection of hybridity nanomolecules in blood enhance the temperature of the fluid and heat deliverance and
temperature field 6(r). Fig. 8S is designed to explore the effect of the Sisko fluid model parameter on (). It is quite evident that
magnification in S brings about a positive change in viscosity and thickens the blood. Viscosity is contrarywise associated with
temperature. The temperature amplifies because of an increment change in S. Incremental temperature change provides additional
heat to the blood which is utilized inside the blood to remove toxic material. Incremental change in the volume fraction of trihybrid
nanoparticles also contributes in this sense. That’s why a magnification in S amplifies the temperature field.

The impact of thermal relaxation variable 4; on temperature outline () is highlighted in Fig. 9S. It is observed that fluid becomes
more viscous by the value of magnification in 4; and inclusion of nanomolecules in the standard liquid. Viscosity is inversely linked
with temperature. A positive variation in 4; amplifies viscosity and diminishes the temperature of the fluid flow which brings about a
reduction in temperature field 6(r). The effect of Rd and Ec on heat deliverance rate in the case of blood flow through arteries are
highlighted in Figs. 7 and 8 separately. From Fig. 7 it is reflected that the heat transference increases in the case of magnification in Rd.
More heat is produced inside the blood in the case of an increment changing in Rd which delivers more heat and increases the
temperature of the fluid. More heat is delivered in the position of trihybridity nanoparticles contrary to dihybridity nanoparticles. Heat
transfer diminishes in the case of the upswing in Ec. Frictional heat is produced when work is done by the blood against viscous stresses
which amplifies temperature but diminishes the heat transfer rate and this decrement in heat transfer is much more obvious in the
instance of dihybrid nanoparticles counter to dihybridity nanoparticles. Figs. 10S and 118 are designed to probe the outcomes of n and

Trihybrid
2.6147

2.5713

dihybrid
2.4711

Nusselt number

1.1

Fig. 7. Influence of Rd on heat transfer rate.
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Fig. 8. Impact of Ec on heat transfer rate.

Table 2
Comparing analysis of obtained findings with Khan et al. [25] for the situation of surface drag factor.
v » -1
Cf<Re;2
. [21 —
Present Ref. [21] Relative error = Cfx(pre) — Cfx(ref) x 100%
Cfx(pre)
0.1 0.0 0.939500 0.939470 0.00325%
0.12 0.929573 0.929564 0.00009%
0.14 0.918049 0.918057 0.00007%
0.1 0.0 0.939468 0.939474 0.00006%
0.05 1.323749 1.323756 0.00005%
0.1 1.714000 1.714009 0.00004%

M on the drag friction phenomenon. The frictional occurrence is in reverse correlated to the velocity of blood flow through arteries. It is
well recognized that elaboration in n and M strengthens the viscid of fluid that squeezes the arteries and produced a negative impact on
the blood flow through arterial walls. The wall frictional factor depreciates in the situation of amplification in n and M respectively.
Table 2 is designed to reflect the comparative analysis of obtained results with Khan et al. [25] by keeping parameters like S =
M =y =n = 0. From comparison analysis, it is noted that the proposed scheme as well as the achieved outcomes are extremely
acceptable and trustworthy. Relative error has been computed by taking a difference between numerically computed values and
referenced values obtained from the literature over numerically computed values into hundred percent. From the relative error, it is
observed that the obtained outcomes are quite authentic and reliable in contrast to the existing literature [25]. Table 3 reflects the
performance of dihybrid and trihybrid nanoparticles in the case of heat transfer rate. In this table, it is seen that heat delivers
considerably improved in the position of trihybridity nanoparticles in assessments a comparison with dihybridity nanoparticles. That’s
why the injection of trihybrid nanoparticles in the blood flow through arteries delivers more temperature and heat in contrast to
dihybrid nanoparticles. Table 4 is constructed to reflect the influence of varied variables in the case of friction sensation and heat
transport rate. The skin friction fact increases with the magnification in S, y, Pr, Rd, Ec, 4, but diminishes in the case of n and M. The
rate of heat transference amplifies in the case of Rd, Pr, n, M, A, but diminishes in the case of y and S.

6. Conclusion

The numerical details of the steadiness of laminar flowing and heat transmission attribute via boundary-layer of a one-phase Sisko
ternary hybrid nanofluid (THNF) model (blood include Au, Ag, and TiO5 NPs) with exponentially stretchable sheet has been described.
The quantitative evaluations for all physical flow characteristics in terms of shear-thinning and shear-thickening were thoroughly
presented. Computational observations have indicated that.

e Because of the amplification in S, the viscosity of blood progressively reduces, which has a positive effect on The human circulatory
system and aids to avoid heart assaults and fast blows.

e The rapidity outline was reduced as the magnetic variable was boosted.

e A magnification in y leads to an improvement in blood flowing rapidity, and blood flows more frequently through arteries, lowering
the risk of heart attack and stroke.

o The temperature profile improved as the curvature parameter and the Eckert number increased.

e Propagation in Rd and trihybrid nanoparticles raises the average kinetic energy of the molecules, resulting in temperature field
magnification.
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Table 3
Testing of heat transport in the instance of tri- and di-hybrid nanostructures.
@ Di-hybridity @ =@+ @+ @3 Tri-hybridity
0.005 3.8015 0.1 4.2012
0.01 3.9897 0.11 4.3215
0.02 4.0122 0.12 4.4759
0.03 4.1867 0.13 4.6012
Table 4
Influence of diverse variables on frictional factor and heat transition sensation in tri-hybridity type.
s M v n Pr Rd Ec A 1 -1
Cfoeg NuyRe,2
0.1 0.1 1 0.1 7 0.5 1.5 0.1 1.8756 3.9756
0.2 1.7564 3.8149
0.3 1.6451 3.5206
0.3 1.7341 3.5730
0.5 1.8259 3.6115
0.7 1.9440 3.8596
1.2 1.9123 3.8790
1.4 2.1579 3.6142
1.6 2.4263 3.4159
0.3 1.8213 3.4159
0.5 1.6015 3.6754
0.7 1.4899 3.8855
8 1.8579 3.9701
1.9532 4.1254
10 2.0157 4.3756
1.8123 3.2156
1.5 1.7259 3.4019
2 1.7023 3.5213
1.7 1.7802 3.7644
1.9 1.8190 3.9190
2.1 1.8301 4.1576
0.5 1.8015 3.8765
1.0 1.8576 3.9175
1.5 1.9123 4.1213

e When Rd values increased significantly, the rate of heat transfer increased. However, when the physical parameters Ec were
increased, the heat transfer rate decreased. In comparison to dihybrid nanoparticles, trihybrid nanoparticles deliver more heat.

e When n and M are increased, the surface drag phenomena decrease.

e Viscosity of fluid amplifies by the integrity of an increment in the thermal relaxation factor A, which diminishes the temperature
field.

In light of the present study, we develop the efforts to examine and explore the tetrahybrid nanofluid models to explore heat
transference rate in the case of body liquid flowing via stenotic vessels as future works. Tumor detection, drug delivery, solar panels on
the offshore oil rig. The model present in the current study has been employed to investigate the heat transfer rate of the fluid flow over
various geometries like the fluid flow between two parallel disks, spinning spheres, wedges, and concentric cylinders. In the future, the
existing method might be used to a number of physical and technical obstacles Refs. [56-64].
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Nomenclature

Re Reynolds number

Ty wall temperature (K)

M Porosity parameter

Ec Eckert number

Nuy, Nusselt number

pPr Prandtl number

Fr Darcy-Forchheimer parameter
A buoyancy ratio parameter (N)
Phnf hybridity nanoliquid consistency (%)
G specific heat (kgL_K)

o* Stefan-Boltzman constant (mz—‘%)
M Magnetic number

Te free temperature (K)

A fluid variable (Pa.s)

Gr Grashof quantity

Cfy frictional force

Rd radiative variable (%)

qr radiation heating flux (%)

y rapidity slippage (%)

Qg hybridity nanoliquid thermal diffusivity (”‘Tz)
Khng thermal conductivity (W

x* absorption coefficient (%)

Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.org/10.1016/j.csite.2023.103064.
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