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ABSTRACT: This study investigates the thermal enhancement of nanofluids, specifically graphene oxide
(GO)/polystyrene and a hybrid nanofluid made of GO + silver (Ag)/polystyrene, over a stretched sheet
in porous media under an applied magnetic field. The analysis considers thermal dissipation, convective
boundary conditions, heat sources, and wall-to-wall mass transpiration. A non-Newtonain Maxwell fluid
is considered. An activation energy impact is also considered for the stagnation point flow over the sheet.
Using a Runge-Kutta technique in MATLAB, the shooting method is applied for the flow and heat transfer
phenomena to examine the impact of varying key parameters. Results show that higher magnetic field and
porosity resistances slow the fluid motion and increase the temperature. Additionally, silver content im-
proves heat transfer efficiency when compared with graphene oxide. This work highlights hybrid nanofluids
as effective heat-transport agents with potential industrial applications, especially under natural convection
conditions, due to their enhanced thermal properties compared to standard fluids.
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I. INTRODUCTION

Efficiency in heat transport is one of the most critical
requirements in modern industrial applications. Tra-
ditional cooling agents often fall short of meeting the
demands of emerging industries. Nanofluids, containing
nano-sized particles (less than 100 nm) dispersed in base
fluids such as water, oil, ethylene glycol, polystyrene, or
kerosene oil, have shown great promise as effective heat
transport agents. The thermal performance of nanoflu-
ids has been significantly enhanced through mechanisms
such as Brownian motion, heat diffusion, thermophore-
sis, and the inclusion of nanoparticles. Among these,
graphene oxide (GO) in polystyrene and hybrid nanoflu-
ids like GO + silver (Ag) in polystyrene have demon-
strated exceptional heat transfer capabilities, making
them ideal candidates for advanced thermal manage-
ment systems. The global energy crisis is directly linked
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to global warming and environmental degradation. En-
gineers and scientists continually explore innovative en-
ergy solutions to address these challenges and promote
sustainability. Among recent advancements, the devel-
opment of nanoparticles has proven to be highly effec-
tive in enhancing the thermal performance of nanoflu-
ids. Nanomaterials, widely used as coolants in physi-
cal, chemical, and industrial applications, have gained
prominence due to their ability to optimize heat and
mass transfer processes.

Liquid cooling, a critical factor in various commer-
cial applications, is achieved by dispersing micron-sized
nanomaterials into conventional base liquids. These
nanofluids are extensively used in refrigeration, air con-
ditioning, and food processing, offering improved effi-
ciency and performance. Some recent research on the
flow of nanofluid/hybrid nanofluid over the sheet is high-
lighted in the following articles1–9. From these articles,
it is observed that the flow through the stretching sheet
in the presence of non-Newtonian Maxwell fluid along
with activation energy is still missing. Polystyrene is a
kind of fluid that exhibits the characteristics of Maxwell
fluid.

Activation energy represents the minimum energy
necessary to initiate a chemical process within a sys-
tem. In nanofluid research, nanoparticles are incorpo-
rated into fluid models, where activation energy plays
a crucial role in triggering chemical reactions that facil-
itate the movement and behavior of nanomaterials in
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the system. The concept of "activation energy" was
introduced by Arrhenius in 1889. Its significance in
chemical engineering, geothermal systems, and oil stor-
age industries has made it a fascinating area of study
for researchers. The behaviour of a nanofluid made
up of water-suspended aluminium alloy nanoparticles
was examined by Rekha et al.10.By including aspects
like activation energy and porous materials in the mod-
elling process, their study concentrated on how a ther-
mal sink/source affected the flow of nanofluids via sev-
eral geometries, including a wedge, cone, and plate. Ul-
lah et al.11 used Prandtl-Eyring nanomaterials to rep-
resent convective flow on a stretched surface. Their re-
search demonstrated the important effects of activation
energy, Joule heating, and chemical reactions in addi-
tion to the thermal impact of melting conditioned par-
ticles. The effects of chemical reactions and activation
energy in a time-dependent mixed convective flow over
an infinitely long end-layer were studied theoretically by
Dhlamini et al.12 who also examined the effects of vis-
cous dissipation, Brownian motion, and thermophoresis
on temperature, fluid momentum, and chemical species
concentration. Non-linear thermal radiative effects in
Walter-B nanofluids in a stagnation point flow were in-
vestigated by Ijaz Khan and Alzahrani13. Their study
examined random motion, thermophoresis, and modest
magnetic forces that gave the fluid electrical conductiv-
ity. Scientists also investigated the effects of chemical
reactions, activation energy, and Joule heating to learn
more about the fundamental mass and heat transmis-
sion mechanisms.
This research investigates the performance of hybrid

nanofluids and stagnation point flow towards a stretch-
ing sheet, incorporating factors such as heat sources, slip
conditions, magnetic field effects, and activation energy.
The study considers graphene oxide (Go) and silver (Ag)
hybrid nanoparticles in combination with polystyrene as
the base fluid. By applying a similarity transformation,
the governing partial differential equations (PDEs) with
associated boundary conditions are converted into a sys-

tem of nonlinear ordinary differential equations (ODEs).
The resulting equations are solved numerically using the
shooting method.

II. PHYSICAL MODEL

A steady, two-dimensional, incompressible stagnation
point flow over a stretching sheet aligned along the hor-
izontal direction is considered. The flow involves a hy-
brid nanofluid based on polystyrene. The fluid is sub-
jected to a constant magnetic field of strength B0, ap-
plied normally to the sheet as shown in Fig. 1. The
temperature Tw,and concentration C∞ on the sheet are

FIG. 1: Geometry of the flow problem.

assumed to be constant and higher than the ambient
values T∞, and C∞ respectively. The governing equa-
tions for the flow are derived from the principles of con-
tinuity, momentum, energy, and mass transfer within
the boundary layer approximation. These equations are
expressed as follows:
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Here, the electrical conductivity is represented by σhnf , λ, and Q0 the fluid relaxation time. The bound-
ary conditions are set as follows:

u= cx+ 2− δv
δv

∂u

∂y
λ0, C = Cw, v = vw, hf (T −Tw) =−Khnf

∂T

∂y
at η = 0 (5)

u→ ue = ax, C→ C∞, T → T∞ as η→∞ (6)

For the conversion of the above dimensional PDEs,
the following similarity variables are proposed:

η = y

√
c
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After simplification, we come forth with the following set of ordinary differential equations:
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The transformed boundary conditions are:

s1 = f(η), f ′(η) = 1, Bi(1−θ(η)) =
khnf
kf

θ′(η), φ(η) = 1, at η = 0 (11)

f ′(∞)→ 0, θ(∞)→ 0, φ(∞)→ 0, as η→∞ (12)

Different dimensionless variables in the above equations are defined as:
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A. NUMERICAL SOLUTION

With the help of shooting method, the non-linear sys-
tem of the governing ODE’s Eqs. (8), (9), (10), (11),
and (12) are solved. The Runge-Kutta approach is used

to develop computational coding in MATLAB scripts.
The higher order derivative must be converted into a
1st order differential system. Seven first order ODE’s
are produced using the following symbols.

f = y1, f
′ = y2, f

′′ = y3, θ = y4, θ
′ = y5, ϕ= y6, ϕ

′ = y7 (15)

Seven first order ODE’s is used to convert momentum, heat and concentration equations with conditions are
shown below:
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Along:
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y1(0) = s1, y2(0) = 1, Bi(1−y4(0)) =
kf
khnf

y5(0), y6(0) = 1, at η = 0,

y2(∞)→ 0, y4(∞)→ 0, y6(∞)→ 0, as η→∞.

 (17)

III. RESULTS AND DISCUSSION

Numerical solutions have been determined for two fluid
flow scenarios: (a) GO/ polystyrene (simple nanofluid)
and (b) GO + Ag/polystyrene (hybrid nanofluid).
These solutions focus on analyzing key physical quanti-
ties such as the Prandtl number, magnetic parameter,
permeability parameter, Eckert number, heat genera-
tion parameter, and Schmidt number. The validity of
the results is confirmed by comparing them with earlier
data in Table 1 for the Prandtl number under specific
conditions, demonstrating reliable agreement.

TABLE I: : Comparison for the values of Pr while the
remaining parameters are zero.

Pr Gorla and Sidawi [14] Khan and Pop [15] Wang [16] Our Results
2.0 0.9114 0.9113 0.9114 0.91115
6.13 - 1.75950 - 1.75951
20.0 3.3539 3.3539 3.3539 3.35381

According to Figs. 2 and 3, the non-dimensional ve-
locity f ′(η) diminishes dramatically when the magnetic
parameter M and the porosity parameter Kp rises. The
progressive resistive force is called the Lorentz force due
to the increasing magnetic parameters produced, which
resists the fluid movement and ultimately slows down
the motion of the fluid. Like this, the permeability of
porous media is inversely related to the velocity profile,
so a higher permeability indicates a greater barrier to
fluid flow caused by the porous structure.

When the Maxwell fluid parameter β and the suction
parameter s1 are reduced, the fluids flow more quickly,
as seen in Figs.4 and 5, respectively. The Maxwell fluid
parameter defines the non-Newtonian behavior of the
fluid. Higher values of β will make the fluid denser, and
it behaves thinner when the values of the Maxwell fluid
parameter get lower. Due to the thinner behavior of
the fluid for the decreasing values of β, the fluid mo-
tion increases. The same phenomenon occurs for the
suction parameter Suction or injection is produced due
to the pores on the sheet. Higher values of the suction
parameter indicate a greater number of pores on the
sheet, which ultimately make an influential impact on
the velocity of the working fluid. In Fig. 5, when the
permeability of the medium reduces, the fluid moves
more quickly.
Fluid’s temperature significantly increased with an in-

FIG. 2: Influence of M on f ′(η).

FIG. 3: Influence of Kp on f ′(η).

crease in the volume fraction φ2 as seen in Fig. 6. A
higher volume fraction of nanoparticles in the base fluid
will enhance the thermal conductivity of the fluid. That
increment in the thermal conductivity will ultimately
enhance the temperature of the fluid. The impact of
power index n on the concentration profile is displayed
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FIG. 4: Influence of β on f ′(η).

in Fig. 7. The term σ(1+ δθ)n exp
(
−E

1+δθ

)
in the con-

centration equations amplifies with a magnification in
(σ ) or (n) which encourages the destructive chemical
reaction. Hence, a higher value of n depreciates the
mass fraction field.

FIG. 5: Influence of S1 on f ′(η).

IV. CONCLUSION

Theoretically, in this work, heat transfer using hybrid
nanofluid flow is brought on a linear stretchy sheet. In
the polystyrene, graphene oxide (Go) is hybridized with

FIG. 6: : Influence of φ2 on θ(η).

FIG. 7: Impact of n on φ(η) .

(Ag) silver nanoparticles. The problem is tackled with
the help of the shooting method. Coding is done on
MATLAB software. The influence of magnetic field,
heat source, and activation energy is also taken into
account. The main findings of the present work are as
follows:

1. The magnitude of f ′′(0) is reduced by increasing
the values of β, and s1, and the skin friction coefficient
grows with the M and Kp.

2. Nusselt number θ′(0) exhibits progressive behavior
for increasing Prandtl numbers, and it shows an inverse
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relationship to Q and Ec.
3. Higher concentration of Ag particles in the base

fluid will resultantly enhance the temperature of the
working fluid.

4. The Biot number plays a vital role in thermal
analysis. When the Biot number Bi is escalated, the
temperature rises.

5. The mass transfer declines with the increasing val-
ues of the Schmidt number.

6. It is noted through calculations that an average of
16 % increase in the rate of heat transfer over the sheet
is observed in the presence of a hybrid nanofluid.
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