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ABSTRACT

The furnished article primely focuses on the second-grade ternary hybrid flow and thermal
characteristics triggered by vertical stretching sheets, featured with buoyant and thermo-con-
vection effect subjects to Thomson and Troian velocity slip at the boundary. The ternary hy-
brid Nanofluid is composed of engine oil blended with three distinct nanocomposites: Ag,
Cu, and graphene. Furthermore, the thermal boundary layer equation addresses the nonlinear
exponential heat source and the thermo-convection effect. The aforementioned assumption
leads to a schematic model framed with coupled partial differential equations revamped into
an array of coupled ordinary differential equations via some relevant similarity variable, which
are numerically solved by the bvp4c method. The novel contribution embraces the impact of
Thomson and troian slip velocity, thermo-convection parameter, and exponential power law
index alongside the second-grade fluid factor and suction parameter over the flow and ther-
mal trajectory outline. It is noteworthy that the augmented variation in Thomson and Troian
slip velocity and suction parameters diminished the flow pattern, but the opposite trend is
noted with the escalating parameters such as second-grade fluid factor and critical shear rate.
Moreover, the thermal diffusion profile appears in an elevated pattern with increased Thom-
son and Troian slip velocity, exponential heat source, and power law index. Beyond these, the
heat transfer rate in the vicinity of the wall promptly rises with the augmentation in the Sec-
ond-grade fluid parameter, critical Shear rate, thermos convection parameter, suction param-
eter, and power law index. Researchers can build on these findings to explore new material
combinations and refine theoretical fluid dynamics and thermal management models.

Cite this article as: Das TK, Saud M, Hajong N, Kalita B. Simulation of engine oil driven sec-
ond grade ternary hybrid nanofluid flow subject to thomson and troian slip velocity address-
ing the thermo-convection effect. Sigma J Eng Nat Sci 2025;43(6):2234-2247.

*E-mail address: tusarkantidas1995@gmail.com, dastusar95@dudhnoicollege.ac.in

This paper was recommended for publication in revised form by

Editor-in-Chief Ahmet Selim Dalkilic

Published by Yildiz Technical University Press, Istanbul, Turkey
B No

© Author. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

Journal of Engineering


https://sigma.yildiz.edu.tr
https://orcid.org/0000-0001-8105-4366
https://orcid.org/0009-0002-2115-8168
https://orcid.org/0009-0008-2177-8838
https://orcid.org/0009-0003-7772-1965
http://creativecommons.org/licenses/by-nc/4.0/

Sigma J Eng Nat Sci, Vol. 43, No. 6, pp. 2234-2247, December, 2025

INTRODUCTION

Hybrid Nanofluid and its Application

Hybrid nanofluids stand as innovative pioneers in fluid
dynamics as they are engineered by integrating various
nanoparticulate species into the foundational composition
of fluids. Additionally, after numerous studies conducted
to determine the performance of these alternative flu-
ids, they display enhanced thermal conductivity and heat
preservation capabilities within various industrial sectors.
The performance differences and improvements emanate
from the interaction of the different types of nanoparti-
cles, leading to a boosted thermal conductivity and opti-
mal performance in heat transfer. The stability of these
kinds of fluids can be acquired by escalating the individ-
ual dispersion of nanoparticulate, fending off the particle
agglomeration. Furthermore, the better aspect ratio and the
synergistic impacts of nanocomposite contribute to their
comprehensive performance. Also, the boosted heat con-
ductivity of nano-fluidics conveyed tangible convenience
such as prompt energy control efficacy, brushing up the
performance and structure, and optimizing expenses and
costs. This makes them advantageous for supplication
where efficient thermal dissipation and heat management
are censorious, such as refrigeration structures for micro-
chip technology, locomotive appliances, and heat exchang-
ers. Ongoing research and development in this area aim to
optimize Hybrid nanofluids> properties further to address
specific needs in various industries, including energy pro-
duction, electronics, and manufacturing.

Literature Review

Roy and Pop [1] inspected a second-grade hybrid nano-
fluid>s flow and heat conduction feature over a stretching
sheet. Second-grade fluids demonstrate non-Newtonian
behavior, distinguished by a nonlinear alliance between
stress and strain rate. Hybrid nanofluids are a blending of
unadventurous base fluids and nanoparticles, known for
their improved thermal conductivity alongside heat con-
duction properties. By inquiring about advanced scientific
mathematical flow modeling to assess the dynamics and the
innovative mechanisms of heat transmission in processes
that involve advanced engineering industrial utilization,
such as cooling mechanisms and heat management over
electronic devices, Nadeem et al. [2] conducted a computa-
tional breakdown of a second-grade fuzzy hybrid nanofluid
flow across a stretching/shrinking surface.This inquiry has
recourse to numerical simulation to characterize flow and
thermal allocation, laying out visions for augmenting the
transfer of thermal energy processes in implementation, for
instance, solar collectors> thermal power storage systems.
Jawad et al. [3] probed into the features of radiative sec-
ond-grade hybrid nanofluid flow subjected to Lorentz force.
By exploring the reciprocation between radiation, nano-
scale particulates, and non-Newtonian flow features, the
investigation grants consideration to phenomena pertinent

to magnetic fluid actuators and drug-targeting structures.
Roy and Ghosh [4] explored magneto-dynamic (MHD)
free convection about second-grade hybrid Nanofluid
across an adjustable thermos-flux surface. The concurrent
study inquires how discrepancy in thermo-flux signifi-
cantly exerts an impact on the heat transfer mechanism
that involves convection, offering intuitions into designing
coherent cooling devices, geothermal power extraction,
and elevating thermal comfort in assembling and molding
environments. Sakthi et al. [5] scrutinized the entropy gen-
eration of second-grade hybrid Nanofluid around a diverg-
ing passage, emphasizing the hyperthermia therapeutic
facet that involves hauling up the temperature of intended
tissues to persuade therapeutic effects, such as cancer treat-
ment. Improvement of heat transfer efficiency in various
engineering and biomedical applications. Zulqarnai et al.
[6] examined the effect of entropy generation on expo-
nentially permeable stretching/shrinking surfaces in sec-
ond-order fuzzy hybrid nanofluids. Understanding and
minimizing entropy generation is important to optimize
the design and operation of thermal systems, energy con-
version devices, and environmental management systems.
Hosseinzadeh et al. [7] Investigated the second-order vis-
coelastic non-Newtonian nanofluid flow over a curved
stretching surface in the appearance of MHD. Both viscous
and elastic features which are present in viscoelastic fluid
often found in biological fluids and polymer solutions. This
reasearch explored the impact of magnetic flow behavior,
providing perception into controlling fluid dynamics in
abundant applications, such as medication administration,
polymer manufacturing, and biomedical devices. Shah et
al. [8] presented an alternative evaluation of the Cattaneo-
Christov framework applied to magnetohydrodynamic
second-grade nanofluid motion, incorporating with Soret
and Dufour effects. The Cattaneo-Christov model extends
Fouriens law to account for finite thermal wave propaga-
tion velocities, while the Soret and Dufour effects expound
mass and thermal diffusion in fluid flow, respectively. The
study of heat and mass transport in magnetically influ-
enced nanofluid systems, relevant to processes like energy
conversion and material fabrication, necessitates an assess-
ment of Soret and Dufour influences in MHD nanofluid
motion. Abbas et al.[9] performed a numerical investiga-
tion of chemically reactive second-order nanofluid flow
past an exponentially curved stretching surface. Chemical
reactions within a fluid can significantly change its flow
and heat transfer properties. The research provides intu-
ition into the optimization of chemical processes such as
nanoparticle synthesis, catalytic reactions, and biochemical
engineering applications. Zaman et al. [10] computation-
ally scrutinized an unsteady second-order bio-magnetic
micropolar blood-based nanofluid flow with moving gyro
taxis microorganisms. The research looked at the complex
issues of biofluids, microbes, magnetic fields and nanocrys-
tals. Understanding such phenomena is key in biomed-
ical applications, such as biodegradation of compounds
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and drug transport also in which regard to environment
microbes in action within living systems. Gangadhar et al.
[11] examined the effects of anomalous heat absorption
and Arrhenius energy on the MHD flow of a generalized
second order fluid over a nonlinear stretching surface, in
the light of Cattaneo-Christov thermal absorption the-
ory and thermal radiation. Arrhenius energy describes
the temperature dependence of reaction rates in chemical
kinetics, while anomalous thermal absorption delineates
the uneven absorption of energy in a liquid. This research
enhances comprehending of thermal transfer processes in
intricate fluid flows relevant to environmental engineering,
industrial processes and material synthesis. Farooq et al.
[12] performed a computational study on convective ther-
mal transfer in second-order MHD nanofluid flow across
a stretching surface through a porous medium. In various
engineering applications such as thermal exchangers, filtra-
tion and underground fluid flow, porous media are crucial.
Understanding the interface between fields, nanofluids,
and porous structures is important for optimizing thermal
transfer and fluid flow in porous media-based systems.
Rath and Nayak [13] investigated the higher-order MHD
movement of a nanofluid over a deformable plate, consider-
ing the influences of activation energy along with thermo-
phoresis and Brownian motion phenomena. A thin viscous
effects in which a substance is held to a solid surface is what
we term slip flow. Thermophoresis, Activation energy, and
brownian motion play a vital role in particle transport and
thermal transfer in nanofluidic flows in which we see also
to include issues related to nanoparticle synthesis, nano-
fluidic heat exchangers, and microfluidic systems. Naveed
Khan et al. [14] observed chemically reactive elements in
the boundary layer flow of a second order nanofluid over
an exponentially stretching surface. Stagnant point flows
which are placed in a variety of engineering applications
including heat transfer, combustion, and aerodynamics.In
these flows comprehending chemical reactions is critical
for optimising processes such as jet flow control in propul-
sion systems, combustion, and chemical vapor deposition.
Recent advancements in the study of second-grade
hybrid nanofluids and fluid dynamics have been high-
lighted through numerous investigations focusing on the
intricate behavior of diverse nanofluids under different
conditions. Kezzar et al. [15] explored the impact of slip
velocity and temperature jump on entropy generation in
second-grade hybrid nanofluids within Jeffery-Hamel flow,
shedding light on innovative approaches to heat manage-
ment and fluid efficiency in complex flows. Reza-E-Rabbi
et al. [16] performed a computational investigation to
examine how radiative heat transfer influences nonlin-
ear second-grade nanofluids in the presence of Arrhenius
activation energy and sinusoidal magnetic forces, thereby
advancing the understanding of complex nanofluid behav-
iors.Additionally, Haq and Ali [17] examined fractional
hybrid nanofluids subjected to transverse magnetic fields,
highlighting key aspects of Newtonian thermal behavior

and the role of magnetic effects in governing heat transport.
Finally,The MHD flow of second-grade fluids including
shedding light on the combined effects of magnetic fields,
thermal convection, nanoparticles with gyrotactic micro-
organisms across a heated convective sheet, and biological
microbes on fluid behavior was investigated by Ahmed et
al. [18]. These studies enhance our understanding of mag-
netic influences and thermal phenomena in complex fluid
systems and nanofluid dynamics.

According to recent research on nanofluids emphasize
their especial flow and thermal properties, importantly
impacting thermal transfer processes across abundant
applications. AKAJE et al. [19] investigate the heat and
mass transfer dynamics in Casson nanofluids influenced
by variable inclined magnetic fields, emphasizing how such
conditions can optimize thermal performance. However,
Li et al. [20] analyzed the behavior of ternary nanofluids
over a stretching sheet, taking into account the velocity slip
effects. El Hattab et al. [21] examined magnetohydrody-
namic (MHD) natural convection within a square cavity
utilizing carbon nanotube-water nanofluids, demonstrat-
ing how fin con y urations contribute to enhanced thermal
dissipation. The investigation by Nath et al. [22] focused
on MHD Casson hybrid nanofluid flow across porous
cylindrical boundaries, revealing the complex interplay
between structural hierarchy and magnetic influences [23-
26]. In addition to the aforementioned research, some other
explorer [27-29] put forward there handy contribution in
the context of nanofluid.

The Novel Features and Applications of the Prescribed
Model

This scientific survey emphasize that no prior research
has presented a pioneering model that intricately com-
bines an exponentially varying thermal source, the effects
of thermo-convection and buoyancy on fluid flow across
a stretching surface. A ternary hybrid nanofluid composed
of silver (Ag), copper (Cu), and graphene which is known
for exceptional heat properties are the main character of
this model. This model examine synergetic effects of these
three different nanoparticles by interacting them and sup-
plying how they combine to impact thermal transfer and
fluid dynamics. A large enhancement in displaying realistic
fluid behavior is introduced by consideration of Thomson
and Trion slip conditions at the boundary surface especially
at the microscale where slip phenomena have a significant
affect on performance. As per the author’s concern, no prior
investigation has been carried out combining this effect
over the considered geometry. To computationally solve the
designed problem, the bvp4c approach will be employed.

Furthermore, the present model has several applica-
tions that primely include enhanced thermal management.
In high-tech applications such as thermal exchangers, elec-
tronic devices and high-performance cooling systems the
model’s detailed analysis can be directly applied to enhance
heat management systems. Superior thermal dissipation
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and energy efficiency can be obtained by improving the
hybrid nanofluid composition. However, The perception
from this model can help in the enhancement of manu-
facturing processes like polymer processing and thin-film
deposition which involves in stretching surface. Stretching
surfaces and hibrid nanofluids cobined to improve the pro-
cess efficiency and product quality.

Infact, buoyancy effects models and the thermo-con-
vection are essential for designing cooling systems in
automotive and aerospace applications. Reliability and effi-
ciency of aerospace and engines components are increased
depending on enhanced cooling performance. The models
exploration of exponentially varying heat sources provides
valuable guidance for optimizing heat transfer and energy
conversion processes for renewable energy technologies
like solar thermal collectors.

The primary purpose of this investigation are:

o What insightful examination of thermal diffusion across
stretching surface can be procured from the numerical
simulation of second-grade ternary hybrid nanofluid?

o To discuss the consequences of suction velocity on the
Nusselt number.

o How promptly does the thermo-convection factor affect
the flow trajectory and thermal transmission?

o How does the Thomson and Troian slip velocity create
an impact on the flow behavior and the characteristics
of thermal transmission?

o Moreover, in what manner does the exponential heat
source influence the simultaneous flow configuration
within the framework of thermal transport?

In essence, this study analyzes the behavior of a ternary
second-grade hybrid nanofluid in relation to heat dispersion
over a stretching interface. Furthermore, the work examined

Ag

Cu

the impact of suction velocity on the Nusselt number, exam-
ines the thermoconvection parameter’s role in dictating both
thermal distribution and flow dynamics, scrutinizes the
influence of Thomson and Troian slip phenomena on ther-
mal transport and momentum, and evaluates the modifica-
tions initiated by an exponential thermal source to the flow
pattern and overall thermal transfer behavior.

MATHEMATICAL FORMULATION

The Crosser-Hamilton model (Abbas et al.[23]) based, A
two-dimensional steady and incompressible second-grade
ternary hybrid nanofluid flow is taken into account via a
vertical stretching sheet. Ag, Cu and Graphene are the three
nanocomposites used in the composition of ternary hybrid
Nanofluid. The total volume fraction is kept below 15%. The
high flexibility and resistance of graphene, the greater ther-
mal conductivity of Cu, and the higher electric conductivity
of Ag are the reasons behind the use of these nanoparticles
in industrial and engineering applications that involve the
heat transfer phenomena. The following are the underlying
assumptions:

o The prescribed flow is assumed to be generated by the
stretching surface.
o The velocity in the vicinity of the wall is prescribed as

u,, = bx as depicted in Figure 1.

o Furthermore, Thomson and Troian slip velocity is
considered.

o An exponential heat source is considered, where #, indi-
cates the power law index.

o The thermo-convection effect reflected by the term y is
also preferred in the concurrent model. Here,y = aaL;°+Ci
is the vertical thermal convection parameter, which cah

— Velocity boundary layer

» Thermal boundary layer

Tw

T.

Uw.

Graphene

—> Stretching sheet

Figure 1. Physical flow diagram of the proposed model.



2238

Sigma J Eng Nat Sci, Vol. 43, No. 6, pp. 2234-2247, December, 2025

also be termed as a stratification parameter. Here, the
term c , that indicates the rate of reversible work set-
tled by the prescribed fluid is presumed to be negligible;
thus, the role of the term aa— is decisive.

«  The Nanofluid chosen for the ongoing problem is com-
posed of Ag, Cu, and graphene nanoparticles dispersed
in ethylene glycol.

o The temperature at the vicinity of the surface, T, is
assumed to be greater than the ambient temperature, T'..
By addressing the aforementioned assumption, the

mathematical model turns out to be the following form of

governing equations. (Shah et al. [8], Li et. al. [20], Deka

and Paul [24])

ou v

a + 5 =0 (1)
ou 0w _ Krang 8w | 2a1 Su 9w _ —
ax + vay - prHnf 8Y%  pTHnf 8y 0xdy gbr (T = To) (2)
or, ,or _ _Kruny 0°T Q - -ny |2 _
x Vay (PCP)THNF 2y? +(PCp)Tan (T TGO).e \/; e (3)
The Boundary Constraints are (Li et. al.[20])
a
u=uW+ula—u ! =, v=1,, T=T, aty=0 (4)
1—u2$
u—->0,T-> T,aty > o (5)

The similarity transformation variables that are
employed in the concurrent problem are:

n= \/vzfy, u=bxf'(m), v=\/17f_bf(77)'9(77)=;__TT:

(6)

By implementing the aforementioned similarity trans-
formation variable, equations (2)-(3), subject to the bound-
ary constraints (4) and (5), can be revamped into the
following array coupled equations.

_ T — (0 _
f(o)_swf(o)_l"’-yl mva(o) 1 (9)
f'(®) =0, 6(x) -0 (10)
Here,
_.:Egl — BT(“V_TM) — Q
prog’ T b2x b(pCp)s’

)/3=Twy%Too' Y1=u1b\/7 YZ_uzab\/: uz(x)—_uz

The authors are also curious to assess the consequences
of the dimensionless physical parameters on the rate of
stress proximate to the surface (Skin friction coefficient)
and the rate of thermal transmission (Nusselt Number)
near the surface.

.uThnf

Skin Friction Coefficient = Cf,/Re, = f"(0)
Nu K
Nusselt Number = z = Thnf o' (0)

+ Rey

Elucidation of Physical Variables Pertinent to Prevailing
Ternary Hybrid Nanofluid (Abbas et. al.[23])

Density
pnr = (1= ds)ps + Ps1Ps1
Punf = a- ¢52)PNf + Ps20s2
Prhnf = 1- ¢53)Pan + Ps3053
Dynamic viscosity
5 5 5
Urnng = Bp(1— Ps1) 72 (1 — Pg3) 2(1 — ¢pg3) 2
Thermal conductivity
koo =k {k51+(m—1)kf—(m—1)¢51(’<f—k51)}
NET TP ksit(m=Dkp+si (kp—ks1)
k —k {k52+(m—1)ka—(m—1)¢Sz(ka_kSZ)}
Hnf Nf ksa+(m—1Dkys+ds2(kyf—ksz2)

—f'm*+f).f" () + w-p—f-f”(n) _ ksz+(m-Dkyns—(m-1)¢s3(kpns—kss)
p (;;T)Th ™) kThnf - anf ksg+(m=Dkyns+dss(kuns—kss)
o 2K £ () + ZE G 6(n) = 0
Thnf
Specific heat capacity
K n ¢ Il
£n).0"(n) + <2t —EDL L ()
oGy ! paThnf (8) (PCp)Nf =(1- ¢51)(Pcp)f + (1’51(.061;)51
i i -nn - =
p(Cp)rhnf'Se 0@ = vsf'() =0 (PCp)an =(1- ¢SZ)(pCp)Nf + ¢52(pcp)52
The revamped boundary constraints are (Li et. al.[20]) (p Cp)Thnf =(1-¢s)(p Cp)an + ¢sa(p CP)53
Table 1. Thermo-physical characteristics of engine oil and the three different nanocomposites
Physical attribution Engine oil Ag Graphene Cu
p (kgm™) 863 10500 2250 8933
K(Wm' K?") 0.1404 429 2500 401
X (sm™) 2.09 x 10712 6.3 x 107 1x 107 59.6x10°
G, (Jkg' K) 2048 235 2100 385
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MATERIALS AND METHODS

Initially, the non-dimensional higher-order ODEs
reformulated into an equivalent first-order boundary value
problem, incorporating the associated boundary condi-
tions. Numerical solutions for the dimensionless ordinary
differential equations are calculated using the widely used
MATLAB bvp4c solver in conjunction with the shooting
technique. The bvp4c solver exhibits exceptional profi-
ciency in managing boundary value problems, delivering
precise outcomes even for complex or unstable systems
due to its refined mesh adaptation process. This function
enhances computational efficiency by minimizing pro-
cessing effort and maximizing the overall performance of
numerical computation. In order to utilize the bvp4c solver
effectively, an initial guess conforming to its spatial con-
straints is required. The bvp4c solver, with a convergence
threshold set at 10, proves to be the most suitable method
for estimating the numerical solutions of such intricate
non-dimensional ODEs, outperforming other techniques
in terms of accuracy. The validation of the employed meth-
odology is demonstrated in Table 2.

RESULT AND DISCUSSION

The furnished second grade ternary hybrid nano-
fluid flow under investigation is generated by a transverse
stretching surface subject to Thomson and Troian slip
velocity. Furthermore, the thermo-convection effect along-
side the exponential heat source is incorporated into the
thermal boundary layer equation to enhance the thermal
gradient over the flow geometry. The entire set of coupled
equations that represent the physical flow geometry is based
on the Cross-Hamilton nanofluid model [23]. As the addi-
tion of silver, copper and graphene nanocomposite to the
second-grade fluid escalates the thermo-physical charac-
teristic of second grade fluid, that is why the whole study is
analyzed with second grade ternary hybrid nanofluid.Table
1 reflects the thermo-physical characteristics of engine oil
and the three different nanocomposites, and Table 2 delin-
eates the infallibility of the current investigation, which is
an analogy to the finding of Devi and Devi [25] and Wang
[26]. The graphical representation of the velocity and ther-
mal distribution curve for the variation in different non-di-
mensional factors are sketched keeping fixed, S = 0.1, K =
0.10, y, = 0.1, 7,= 0.1, ;= 0.1, S, = 0.1, n = 2.

Table 2. Resemblance of -0'(0) with the results procured by Devi and Devi [25] and Wang [26] [created by author]

Pr Devi and Devi[25] Wang[26] Present study with
Sy3=0
2.0 0.91135 09114 09114
7.0 1.89540 1.8954 1.8954
20.0 3.35390 3.3539 3.3539
1 T T T T
Gig) 0.33 |
0.325
0.6 T
§ 0.32
e 5.4 0.94 0.96 0.98 1 1.02
’ K =0.05,0.10, 0.15
0.2} 1
T~
0 . . .
0 1 2 3 4 5 6

Figure 2. Impact of K on velocity distribution profile.
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1 . ; ; ;
-0.025
0.8+ -0.03 o
-0.035
0.61 -0.04 \ |
& a4l _ -0.045 : ]
s 0.4 K =0.05, 0.10, 0.15 0.7 0.72 0.74
0.2}
o O
-0.2 ‘ ' ' ' ' ‘
0 0.5 1 1.5 2 28 3 3.5 4
Ui
Figure 3. Impact of K on Thermal distribution profile.
1 T T T T
0.8 ]
0.6 ]
=
— ¥ = 0.1,0.3,0.5
041 ]
0.2r ]
O 1 K L
0 1 2 3 4 5 6

Figure 4. Impact of y, on Velocity distribution profile.

In Figure 2 and Figure 3, the impact of the second-grade
fluid factor on velocity and thermal distribution profile are
portrayed. It has been observed that with the elevation in
the numeric value of the second-grade fluid parameter, the
flow profile looked to be an upsurge, while the thermal dis-
tribution profile exhibits a revert trajectory. Shah et al.[8]
have obtained similar results over stretchable riga sheets
for the velocity profile, opposite to the result proclaimed
by Hosseinzadeh et. al. [7]. However, the impacts of the
second-grade fluid parameter over the thermal profile have

not been discussed by Shah et al. [8] and Hosseinzadeh et.
al. [7]. Furthermore, as shown in Table 3, the reduction in
the rate of tangential stress and the rate of thermal trans-
mission at the vicinity of the stretch surface is perceived
with the incremented values of the second-grade fluid
parameter, K. The augmentation in K leads to the incre-
ment in elasticity, which in turn upsurges the fluid flow at
the vicinity of the surface, as the fluid can stretch and flow
more easily. Conversely, the increased elasticity efficiently
limits the thermal transmission or energy exchange.
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0.2 ’y1 = 0.1, 0.3, 0.5

0 0.5 1 1.5 2 2.5
7

Figure 5. Impact of y, on Thermal distribution profile.

1 T T T T
0.578
0.8 .
0.576
0.6 - 0.574 4
=
~ 0.572
0.4+ 043 044 045 046 |
7,=0.05,0.2, 0.35
0.2 1
0 L 1 I
0 1 2 3 4 5 6

Figure 6. Impact of y, on Velocity distribution profile.

The designated model is featured in a way where the
boundary undergoes the consequences of Thomson slip
velocity, which is depicted in Figure 4 and Figure 5. As
shown in Figure 4, the velocity profile of second grade ter-
nary hybrid Nanofluid promptly dropped with the numeric
escalation of Thomson slip velocity, y,. Whereas the thermal
distribution curve significantly arises for the numeric eleva-
tion of the slip factor y, as shown in Figure 5. These results
occur due to the fact that greater slip at the vicinity of the
boundary reduces frictional drag. The reduced interaction

with the boundary allows less momentum transfer, leading
to a drop in velocity. Conversely, the thermal distribution
increases because the reduced frictional drag indicates less
energy is lost to resistance, allowing more energy to be
retained in the fluid. The opposite pattern is noted in both
velocity and thermal distribution profiles for rising factor
y, as shown in Figure 6 and Figure 7. When critical shear
rate, y, is uplifted, then the velocity curve appears to man-
ifest an upward trend, whereas the thermal profile falls in
a downward pattern. Over Newtonian fluid, similar results
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1 T T T T
0.152
0.8 1
0.15
0.6 7
0.148
—_
s 0.4f :
034 0345 035 0.355
0.2t 7, =0.05, 0.2, 0.35 1
O -
-0.2 ' ' ' '
0 0.5 1 1.5 2 2.5 3 3.5 4
7
Figure 7. Impact of y, on Thermal distribution profile.
0.14
0.12
0.1
$=0.1,0.5 0.9 0.38 0.4 042 0.44 0.46
0 0.5 1 1.5 2 2.5 3 3.5 4
7

Figure 8. Impact of S on thermal distribution profile.

are obtained by Li et. al.[20] for the slip and critical shear
factor.

Figure 8 and Figure 9 demonstrate the influences of
exponential heat source, S and power law index, n over the
thermal profile. The heat distribution profile looked to be
upraised for both exponential heat source, S and power law
index n, as shown in Figure 8 and Figure 9. It is because,
with a greater thermal source factor and power law index
(which intensify the heat source significantly), the nano-
composites sop up that amount of thermal energy, which

allows an extensive amount of diffusion of heat through-
out the system. For non-exponential i.e. linear heat source,
a similar pattern in the thermal profile is proclaimed by Li
et al. [20] considering Newtonian hybrid nanofluid.

In Figure 10, 11, 12, the impacts of the thermo-con-
vection parameter, y; and suction velocity, S, are por-
trayed respectively. Figure 10 illustrates a significant
increase in the heat profile as the values of y;, indicative
of thermo-convection or stratification, are raised. This
enhancement is linked to the increased thermal gradients
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-0.0375}
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-0.038|
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= -0.039
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-0.04
-0.0405
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Figure 9. Impact of n on thermal distribution profile.
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Figure 10. Impact of y; on thermal distribution profile.

observed within the boundary layer of the second-grade
ternary hybrid nanofluids. With a rise in the parameter
value, the temperature difference between adjacent layers
becomes more pronounced, promoting stronger and more
effective interaction among the nanocomposite elements.
Such intensified interaction enhances thermal convection,
ensuring a more uniform spread of heat across the system.
The increase in thermal diffusion arises from the intensi-
fied motion and interaction of the nanoparticles, which
together enhance the overall efficiency of heat transmission.
Consequently, the observed rise in temperature dispersion

3 3.5 4

indicates higher thermal sensitivity and diffusion potential
within the fluid, resulting from increased parameter mag-
nitudes. Deka and Paul [24], found this result for unsteady
Newtonian fluid past an infinite moving vertical cylinder.
Again, as portrayed in Figure 11, it has been signifi-
cantly noted that the velocity profile shows a downward
trajectory with a lofted suction velocity. The reason behind
the downward trajectory of the velocity profile is the lower
pressure created by the alofted suction velocity. Also, the
increased suction velocity factor leads to a drop in the ther-
mal distribution profile at the vicinity of the surface, and
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Figure 12. Impact of S, on thermal distribution profile.

it is more significant due to thermal stratification or ther-
mos-convection impact, as shown in Figure 12.

The impact of y;, y,, 3 K, S, S, over the skin friction
coefficient and Nusselt number are demonstrated in Table
3. It has been observed that the augmented value of the sec-
ond grade fluid factor appears to decline the rate of shear
stress proximate to the vertical surface. As K rises from 0.05
t00.15, the reduced percentage in the rate of tangential stress
at the vicinity is about 4.08%. This decline mainly results
from the rise in viscosity linked to greater K values, which

suppresses the fluid’s reaction to shear stresses. Conversely,
the Nusselt number shows an increase of about 0.52% as K
changes from 0.05 to 0.15. This rise in the Nusselt number
signifies improved convective heat exchange, resulting from
changes in flow dynamics that facilitate a more uniform
spread of thermal energy within the boundary layer. A sim-
ilar pattern is also noted in the skin friction coefficient for
the Thomson velocity slip parameter, y,, but the opposite
is the pattern for critical shear rate, p,. Simultaneously, the
Nusselt number shows a decline pattern in numeric with
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Table 3. Demonstration of physical value of shear stress rate at vicinity, skin friction coefficient and thermo-efficiency rate

at vicinity (Nusselt number) with varying dimensional parameter

S K " V2 Y3 S* n Skin friction coefficient  Nusselt number
0.1 0.10 0.1 0.1 0.1 0.1 2 -1.2048 4.6992
0.5 -1.2047 3.9555
0.9 -1.2047 3.1172
0.1 0.05 0.1 0.1 0.1 0.1 2 -1.2293 4.6867
0.10 -1.2048 4.6992
0.15 -1.1811 4.7115
0.1 0.10 0.1 0.1 0.1 0.1 2 -1.2048 4.6992
0.3 -0.9653 4.4092
0.5 -0.8094 4.1945
0.1 0.10 0.1 0.05 0.1 0.1 2 -0.9560 4.6954
0.2 -1.2111 4.7064
0.35 -1.2194 4.7158
0.1 0.10 0.1 0.1 0.1 0.1 2 -1.2048 4.6992
0.2 -1.2048 5.4047
0.3 -1.2048 6.1102
0.1 0.10 0.1 0.1 0.1 -0.1 2 -1.0922 2.5949
0 -1.1471 3.5835
0.1 -1.2048 4.6992
0.1 0.10 0.1 0.1 0.1 0.1 1 -1.2048 4.6839
2 -1.2048 4.6992
3 -1.2048 4.7146

rising values of S, y,. Moreover, it is noteworthy to men-
tion that the heat transmission rate at the vicinity exhibits a
prompt elevation in terms of values with the amplified sec-
ond grade fluid factor (K), critical shear rate (y,), Thermo-
convection parameter (y;), Suction parameter (S,), Power
law index (n).

CONCLUSION

The proposed model deals with the investigation of
second grade ternary hybrid nanofluid flow subject to
Thomson and Troian slip velocity featured by thermo-con-
vection effect via stretching sheet. Graphene nanoparticles
are used along with Ag and Cu due to their flexibility, high
resistance, and high thermal conductivity. The following
noteworthy discoveries have been made from the afore-
mentioned investigation.

o The Velocity distribution profile raises for the higher
value of the second-grade fluid parameter and critical
shear rate. Higher second-grade fluid parameter typi-
cally corresponds to greater non-Newtonian effects,
which can enhance velocity gradients in the boundary
layer. Similarly, a greater critical shear rate implies that
the fluid can sustain larger shear stresses without signif-
icant changes in flow characteristics.

The velocity distribution profile also diminishes for
higher values of Thomson and troian slip velocity and
Suction parameter. Increased slip velocity at the bound-
ary reduces the no-slip condition, allowing the fluid
to slip more freely and thereby reducing the velocity
gradients near the boundary. Also, increased suction
draws fluid away from the surface, which diminishes
the velocity distribution near the surface.

The skin friction coefficient is boosted with a critical
shear rate and suction parameter, while the skin fric-
tion coefficient dropped for higher values of non-di-
mensional heat source parameter, second-grade fluid
parameter and Thomson and Troian slip velocity.

The thermal distribution profile upsurges for bigger
Thomson and Troian slip velocity, non-dimensional heat
source parameter and power law index but reduces with
arise of second grade fluid parameter, critical shear rate,
thermo-convection parameter and suction parameter. A
higher Thomson and Troin slip velocity enhances ther-
mal convection by reducing thermal boundary layers.
Increased heat source represents a greater heat generation
rate within the system, thus elevating the temperature
distribution. An increased second-grade fluid coefficient
suggests more dominant non-Newtonian characteristics,
which may reduce the rate of heat transfer. Increased
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critical shear rate signifies that the fluid's response to
shear stresses is more constrained, affecting the thermal
profile. A stronger thermo-convective effects that may
alter heat transfer dynamics, and the increased suction
suction velocity extracts heat from the surface, leading to
lower thermal profiles.

o The Nusselt number augmented with elevated values
of second grade fluid parameter, critical shear rate,
thermo-convection parameter, suction parameter and
power law index, conversely diminished with increasing
values of non-dimensional heat source parameter and
Thomson and Troian slip velocity.

The proposed framework holds broad potential in
the field of advanced heat management, especially in
improving cooling performance for electronic compo-
nents, thermal exchangers, and other high-efficiency sys-
tems. Additionally, it delivers meaningful understanding
for refining production techniques across sectors such as
polymer fabrication and thin-film coating. Additionally,
the modebs analysis of thermo-convection, buoyancy
effects, and exponentially varying heat sources is crucial for
improving cooling performance in aerospace and automo-
tive systems and optimizing renewable energy technologies
such as solar thermal collectors.

We can further extend this investigation to diverse
geometrical configurations such as conical disks, rotat-
ing disks or spheres, concentric cylindrical channels, etc.,
considering the same or other constraints and factors, as it
can broaden the applicability of the findings. This research
provides a solid foundation for continued exploration
of nanofluid dynamics and thermal transport processes.
Researchers can build on the aforementioned findings to
explore new material combinations and refine theoretical
models in fluid dynamics and thermal management.

NOMENCLATURE

u The surface velocity at vicinity (m/s)

w

u, v Velocity along horizontal and vertical
direction respectively (m/s)

g Gravitational acceleration (11/s?)

QS Dimensionless (JK! m? s!) and non-di-

mensionless heat source factor
n Power Law Index
y Suction velocity (m/s)

K Second grade fluid parameter

b Rate of stretching (s)

T, Temperature at the vicinity of the wall (K)
T, Temperature at the ambient (K)

S+ Suction parameter

Pr Prandtl number

Gr Grashof number

(Cp)f, (Cp)Nf Specific heat capacity of base fluid
(Engine Oil), Nanofluid (J K¢g*' K*)
Specific heat capacity of hybrid Nanofluid,

Ternary hybrid Nanofluid (J Kg' K')

(Cp)an’ (Cp)Thnf

Greek symbols

o, Second grade material constant

Br Thermal expansion coefficient (K)

Y Thomson and Troian slip velocity

¥, Critical Shear rate

V3 Dimensionless Thermo-convection
parameter

Ps The density of the base fluid (Engine Oil)
(kgm™)

Py The density of the Nanofluid (kgm™)

Prinf Density of the Hybrid Nanofluid (kgm)

P Thnf The density of the Ternary Hybrid
Nanofluid (kgm)

Subscripts

S1, 82, 83 Ag, Cu and Graphene nanoparticles

f Base fluid (Engine Oil)

Nf Nanofluid

Hnf Hybrid Nanofluid

Thnf Ternary Hybrid Nanofluid
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