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Abstract : Hybrid nanofluids have grown important consideration in modern centuries due to their greater
thermal and rheological characteristics compared to conventional nanofluids. The primary goal of this research
is to provide more details on the stable and incompressible stream of a hybrid nanofluid over a stretching sheet
in two dimensions and the same is to be investigated. In the hybrid nanofluid flow, which consists of TiO;
and Cu as nanoparticles, (H20, and NaCgHyOy) are considered as base fluids. Additionally, consideration is
given to the components of the magnetic field and viscous dissipation. Prior to being solved numerically using
the Runge-Kutta fourth-order method, the existing partial differential equations are first transformed into
ordinary differential equations using similarity transformations. The results illustrate that significant parameter
such as the magnetic parameter, nanoparticles of solid volume fractions, Eckert number, and Casson parameter
significantly influence momentum and thermal profiles. These analyses protest that raising the Eckert number
grounds an increase in the hybrid nanofluid temperature. Moreover, the Casson parameter has decreased the
temperature profile in TiO2-Cu/ sodium alginate hybrid nanofluids. One of the promising applications of hybrid
nanofluids is the heat transmission enhancement for a stretching sheet.

Keywords: Stretching sheet, Lorentz force, viscous dissipation, hybrid nanofluid.

Nomenclature

Cs skin friction coefficient
Cp specific heat, jkg*k?

k thermal conductivity, wm?k?
M magnetic parameter
Nuy local Nusselt number
Pr Prandtl number

Qw surface heat flux, wm2
Ec Eckert number

T temperature of fluid

Ty ambient thermal

T surface thermal

Uy constant velocity,
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Uu,v ‘ momentum factor in the x way
Greek letters

B Casson parameter

Dup1 » Prp2 nanoparticles of volume fraction
u dynamic viscosity, kgms?

v kinematic viscosity, m2s™

o electrical conductivity, sm

p density, kgm

Tw wall shear stress, nm
Subscripts

Hnf hybrid nanofluid

nf nanofluid

f fluid

1. Introduction:

Hybrid nanofluids, entailing of a base fluid and multiple types of nanoparticles, can significantly enhance heat
transfer rates. When used in stretching sheet applications, the presence of nanoparticles in the fluid can enhance
convective heat transfer from the sheet surface, leading to improved heat dissipation. This analysis of such flows
helps in predicting and managing the behaviour of materials that exhibit viscoelastic characteristics, allowing for
the design and optimization of processes and structures that involve these materials [1]. This research analysis
the specific techniques and methods for nanoparticle incorporation into fluids can vary depending on the
application and desired thermal performance. Further research and experimentation are continuously being
conducted to optimize the design and application of nanoparticle-enhanced fluids for efficient heat transfer [2].
This research analysis of the Partial slip refers to the situation where the fluid velocity at the solid boundaries is
not zero but rather has a non-zero slip velocity. This slip velocity introduces additional complexity to the
enclosure's flow and heat transfer characteristics [3]. The equilibration dynamics occur on different timescales,
depending on the specific properties of the system. For instance, collisional interactions between particles
happen relatively quickly, resulting in particle agglomeration or separation explained by this analysis [4]. The
integral treatment provides a simplified yet insightful approach to studying coupled heat and mass transfer from
a radiating vertical thin needle in a porous medium. It allows for understanding the dominant mechanisms and
provides useful engineering insights into the problem [5]. The study of diverse convection flow of SA-NaAlg-
based MoS, nanofluids is aimed at understanding the enhanced heat transfer capabilities of nanofluids and
exploring their potential applications in areas such as heat exchangers, cooling systems, and energy conversion
devices [6]. Nanofluids, offer enhanced thermal, electrical, and mechanical characteristics compared to
traditional fluids. These are just a few examples of the wide-ranging applications of nanofluids. As research and
development in nanotechnology continue, new and exciting applications in various shapes and forms are likely
to emerge in the future [7]-[10]. Hybrid nanofluids, which are a combination of nanoparticles and traditional
base fluids, have gained significant attention in various fields due to their enhanced thermal conductivity and
other favourable properties. When it comes to stretching sheet applications, hybrid nanofluids can offer several
advantages. Here are a few potential applications of hybrid nanofluids in various geometrical shapes. The

problem involves investigating the stream and heat transmission behaviour of the hybrid nanofluid under a
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Casson-type fluid model with slip boundary conditions and sinusoidal heat circumstances [11]. This research
analysis of the results of such simulations can help understanding the effects of each component and their
interactions on the overall heat transfer and fluid flow behaviour [12]-[13]. This research investigates the
applications in various fields, including heat exchangers, oil recovery processes, and magnetic drug targeting
systems, where understanding the fluid behaviour and heat transfer is critical for optimization and design [14]-
[15]. This research investigates understanding how the combination of these various factors affects the flow
behaviour, heat transfer rates, and other fluid properties [16]. Due to the complexity of the problem investigating
its solution, analysis, and interpretation would likely require expertise in fluid mechanics, heat transfer,
magnetohydrodynamics, and nanofluid dynamics [17]. This analysis understands the thermodynamic behaviour
of the system and optimizes heat transfer performance in applications such as porous media heat exchangers,
cooling systems, or nanofluid-based heat transfer devices. The presence of viscoelastic behaviour and
nanoparticle effects introduces additional complexities, making it an interesting area of research with practical
implications [18]. Magnetohydrodynamics (MHD) is a branch of fluid dynamics that studies the behaviour of
electrically conducting fluids in the presence of magnetic fields. It finds applications in various engineering and
scientific fields, including metallurgy, astrophysics, and fusion research. In recent years, MHD has also been
studied in the context of nanofluids, which are colloidal suspensions of nanoparticles in a base fluid. Some of
the following research papers are considered here [19]-[23].

In this paper analysing the convective flow of a hybrid nanofluid with diverse base fluids over a stretching sheet
involves the interaction of several physical phenomena, including the Lorentz force and viscous dissipation. The
presence of the Lorentz force alters the fluid velocity distribution and flow patterns near the stretching sheet.
This can lead to modifications in the boundary layer thickness and velocity profile, affecting the overall heat
transfer rate. Viscous dissipation refers to the conversion of mechanical energy into heat due to the internal
friction within the flowing fluid. The temperature rise due to viscous dissipation can alter the thermal boundary
layer thickness, influencing the heat transfer rate between the fluid and the stretching sheet. Understanding these
consequences is crucial in optimizing heat transfer processes in various engineering applications, such as
cooling systems, heat exchangers, and thermal management of electronic devices.

2. Mathematical Formulation:
e In the presence of a uniform Lorentz force and viscous dissipation, deliberate stable, laminar, convective

boundary layer flow along a stretching sheet in two dissimilar base fluids ((H20),(NaC¢HoO7)) with two
different hybrid nanoparticles (Titanium Oxide (TiO,), Copper (Cu)).

e The study's goal would be to investigate the influence of hybrid nanoparticles, as well as the stuffs of
magnetic fields and viscous dissipation, on the flow characteristics and heat transmission of the two base
fluids.

e The presence of a magnetic field would introduce a Lorentz force term in the momentum equations and
viscous dissipation in the energy equation, both of which would affect the flow behaviour.

e  The surface temperature boundary condition would involve prescribing the temperature at the surface of
the stretching sheet, which would affect the heat transfer characteristics of the system.

e The physical sketch of present model is shown in Fig.1.

e Beneath these assumptions, the governing equations in a stable state [11]
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Continuity Equation:

ou 4 v 0
ox dy '
Momentum Equation:

ou N ou (1 N 1) 0%u  Oppy B2
u 69( vay - thf ﬁ :uh.TLf ayz phnf Ou;

Energy Equation:
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Relevant boundary circumstances are
u=u, =cx, v=0, T=T, at y=0,
u=20, T=T, at y=oo.
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Fig.1 Stream of the problem
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The suitable set of variables are
1

) 1 C\2
u = cxF'(n), v=—(cv)ZF(n), n= (;) Y, T—-T,=(T, —
Using above eqn. (11), eqns. (1) — (3) can be transmuted as,
&)
o
— B — F'" — Z-nf MF'
(1 - ¢np1) (1 - ¢np2) f

+ [(1 - ¢np2) [1 - ¢np1 + ¢np1 pnpl] ¢np2 pnjzz] [FF” - FIZ] = 0'

1
khnfien + Ec (1 + F) FNZ
k. Pr 2.5 2.5
g (1 - d’npl) (1 - d’npz)

oo )

+Fo’

and the related boundary restrictions are
F(0) =0, F'(0)=1, 6(0)=1,
F'(0) =0, 6(»)=0
where,

Vs

o;B? c
=L L, Pr=—, Ec=
cpr ar Gy

2,2

(Tw - Too)
f

2.1 Nusselt number and Skin friction Analysis:

The dimensionless form of Cr and Nu, are

- Nu=—+""__
pfua, kf(Tw - Too)

1\ /0u aT
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Cr =

y=0 y=0
k
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ky
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3. Solution Procedure :

T)0(n),

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

The resulting ordinary differential equations expressed in Eqns. (12) & (13) restricted to the boundary restraints
(14) have been resolved by IV" order Runge-Kutta form with shooting manner with the support of BVP4C code
in MATLAB software. We indicate FF = y;, 8 = y, for our present model and render a prime step of the system

are:
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1
Ecll+ 45
ySIZ_Pr kf Cgs-l-ﬁ) 25y32
Ky (1 _¢np1) . (1 - ¢np2) .

(PCp (PCP)
n n + n ——et n, (71[’)2)] [ ]
¢ pz)[ = Gnp1 + Gupr ( ) + bnp2 (,DCp)f Y1Ys

and

y1(0) =0, y,(0) =1, y,(0) =1
The initial estimates were given to y;(0) i.e., F"(0) and ys(0) i.e., 8'(0). Then initial guesstimates were then
conveniently modified to satisfy the boundary requirement and the convergence criterion of 107

4. Review and Discussion of the Results:

Figure 1 depict the items are placed of the conundrum. In regard to physical behaviour and attitude are
explained in the Figures 2-9 have been drawn for the hybrid nanofluid flow, which consists of TiO, and Cu
nanoparticles, (H20, and NaCsHoO7) are considered as base fluids to demonstrate the impression of numerous
parameters on acceleration, thermal profiles.

4.1 Velocity Profile:

Fig.2.explains, when a magnetic field (M = 1,3,5) is applied to a flowing fluid, it can induce changes in the
flow behavior due to the interaction between the magnetic field and the fluid's properties. This phenomenon is
known as magnetohydrodynamics (MHD). The effect of a magnetic field on the velocity profile in a stretching
sheet flow depends on the fluid's conductivity and its response to magnetic forces. When water is used as the
base fluid, the magnetic field has a negligible effect on the velocity profile in the stretching sheet flow.
However, when sodium alginate is employed, the magnetic field induces a Lorentz force that alters the flow
behaviour, resulting in a velocity profile decrease in the fluid velocity near the stretching sheet.

As the Eckert number increases (Ec = 1,3,5), the velocity profile in the stretching sheet tends to decrease. This
is because higher Eckert numbers correspond to a stronger convective heat transfer effect, which results in
increased thermal energy near the surface of the sheet. This additional energy leads to a decrease in the fluid's
velocity. When (H>O, and NaCgHoO7) are used as the base fluids, sodium alginate is typically added as a
thickening agent. It increases the fluid's viscosity and can affect the velocity profile. Higher viscosity generally
results in lower fluid velocities, especially near the surface of the stretching sheet. Therefore, when sodium
alginate is added, the velocity profile is expected to decrease even more compared to using water alone as
explained in Fig.3.

As the concentration of titanium oxide nanoparticles increases, it typically mains to an intensification in the
viscosity of the fluid in Fig. 4. Higher viscosity implies greater resistance to flow, affecting the stretching sheet's
velocity profile. Due to the increased viscosity, the fluid near the surface of the sheet experiences more drag,
resulting in a reduced velocity at that location. This reduction in velocity is likely to be more pronounced near
the sheet's surface, gradually transitioning to the base fluid's velocity farther away from the sheet.

As the Casson parameter upsurges, the maximum velocity in the fluid flow decreases. This reduction occurs
because higher Casson parameters indicate higher viscosity and resistance to flow. Consequently, the fluid
experiences greater resistance while stretching, resulting in a decrease in the maximum velocity as appeared in

Fig .5.
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4.2 Thermal Profile:

As the magnetic field strength increases in a stretching sheet with water and sodium alginate as base fluids, the
temperature profile can be increased by changes in fluid flow patterns, and alterations in thermal conductivity in
Fig. 6. The precise details of the temperature profile will depend on the specific parameters of the system, such
as the magnetic field strength, stretching velocity, fluid properties, and boundary conditions.

When water or sodium alginate is used as the base fluid in a stretching sheet flow, an increase in the Eckert
number generally results in a higher temperature profile near the stretching sheet. As the Eckert number
intensifications, the kinetic energy of the fluid flow becomes more significant, resulting in higher energy
conversion into thermal energy near the stretching sheet. The presence of sodium alginate can affect heat
transfer characteristics due to its rheological properties, such as viscosity and elasticity. These properties can
influence the flow behaviour and heat transfer mechanisms, leading to deviations from the temperature profile
observed with water as the base fluid as exposed in Fig.7.

As the concentration of titanium oxide and copper nanoparticles increases in water and sodium alginate base
fluids, the thermal conduction and thickness of the fluid can be affected in Fig. 8. This, in turn, can impact the
temperature profile in the stretching sheet, potentially leading to higher temperatures.

Due to the augmented heat transfer, the temperature near the stretching surface tends to decrease with an
increasing Casson parameter. The stronger resistance to flow prevents the fluid from retaining heat near the
sheet, resulting in a more efficient cooling effect. Therefore, as the Casson parameter increases, the temperature
near the stretching sheet decreases in Fig.9.

4.3 Velocity Distributions:
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Fig. 2. The impacts of M = 1,3,50n f".
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Fig. 8. The impacts of ¢, = ¢, = 0.02,0.04,0.06 on 6.
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Fig. 9. The impacts of § = 0.1,0.2,0.3 on 8.

Table 1: Thermophysical appearances of the base fluids and the nanoparticles

Base fluid and Cpi(J/(kg.K)) p/(kg/m°) k/(W/(m.K)) o(sm?)
nanoparticle
H20 4179 997 0.613 0.05
NaCgHq07 4175 989 0.6376 2.6x10*
TiO, 686.2 4250 8.954 2.38x10°
Cu 385 8933 400 5.96x107
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Table 2: The values of C; coefficient and Nu for M, 8 with surface temperature is listed below

C;Re'/? NuRe /2
M Ec B TiO2 - Cu TiO2 - Cu
H20 NaCsHoO7 H.O NaCsHyO7

1 1 0.1 -1.5162 -5.8974 -1.7405 -9.6040
3 -2.1197 -7.4477 -3.6869 -12.6109
5 -2.5870 -8.8068 -5.2449 -15.6369
1 0.5 0.1 -1.5162 -5.8974 -0.0203 -3.8231
1 -1.5162 -5.8974 -1.7405 -9.6040
15 -1.5162 -5.8974 -3.4608 -15.3849
1 1 0.1 - -5.8974 - -9.6040
0.2 - -3.9793 - -5.8715
0.3 - -3.2847 - -4.6240

5. Conclusions:
In the conclusion part of the study on the convective flow of a hybrid nanofluid with diverse base fluids in heat

transmission over a stretching sheet, summarized their findings and discussed the consequences of incorporating
the Lorentz force and viscous dissipation. The following outcomes and consequences have been discussed:

5.1 Enhanced heat transfer: The inclusion of nanoparticles in the base fluid (nanofluid) could have led to
enhanced heat transfer properties. The Lorentz force, which arises due to the existence of a magnetic field,
might have contributed to better fluid mixing and heat distribution, leading to improved heat transmission rates.
This effect could be beneficial for various industrial applications where efficient heat transfer is crucial.

5.2 Control of boundary layer behaviour: The Lorentz force might have influenced the behaviour of the
boundary layer near the stretching sheet. By controlling the boundary layer, the researchers may have observed
fluctuations in the flow pattern and heat transmission characteristics, leading to potential improvements in heat
transfer performance.

5.3 Influence of nanoparticle type: The use of different types of nanoparticles in the hybrid nanofluid could
have resulted in varying heat transfer behaviours. Some nanoparticles might have exhibited better thermal
conductivity, while others could have had a stronger impact on the fluid flow due to their magnetic properties.
5.4 Viscous dissipation effects: Viscous dissipation refers to the energy conversion from kinetic energy to
thermal energy within the fluid due to the presence of viscous forces. The researchers might have analysed the
consequences of viscous dissipation in the context of heat transmission over the stretching sheet.

The above points provide a general overview of the possible outcomes and implications that could have been

presented in the conclusion section of the research paper.
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