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Abstract: Thermal energy from the Sun comes mostly from
sunlight. These energies might be used in photovoltaic
cells, sustainable power systems, solar light poles, and
water-collecting solar pumps. This age studies solar energy
and how direct sunshine might improve solar panel effi-
ciency. Solar energy, especially solar tiles, is widely used in
manufacturing today. The literature includes a modified
Buongiorno hybrid nanofluid prototype. There are no stu-
dies that have examined the impact of tri-hybrid and
unique tetra hybridity nanomolecules integrated with the
Buongiorno nanofluid prototype on liquid moving on a
flexible surface. This study examines the effects of an
improved Buongiorno tetra hybrid nanoliquid prototypical
with Buongiorno and Tiwari–Das nanofluid on magnetized
double-diffusive binary nanofluid with cross fluid and

Maxwell liquid flowing with variant thermal conductance
over a porous medium. Different profiles include diffusion
thermo and thermo diffusion. The LobattoIIIA scheme’s
convergence and stability are examined in terms of resi-
dual error, mesh points for ordinary differential equations
(ODEs), and boundary conditions. Leading equations about
liquid flow continuity, impetus, temperature, and concentricity
are obtained using continuity, conservation of momentum, the
second law of thermodynamics, Fick’s second law of diffusion,
and boundary layer expectations. The system of partial differ-
ential equations obtained from the given assumption becomes
a system of ODEs andwell-established LobattoIII. Their numer-
ical solution is obtained using a numerical technique. Statistical
charts and tables provide numerical solutions. The heat trans-
port rate of tetra-hybrid nanomolecules increases dramatically,
unlike tri- and di-hybrid nanomolecules. The improved
Buongiorno tetra hybrid nanofluid (BTHNF) model produces
more heat when radiation Rd, Brownian diffusion Nb, and
thermal conductivity are increased. The data show that the
diffusion factor L, Brinkman numberBr, and Reynolds number
Re increase entropy production, but Bejan number reduces it
owing to an increase inBe andRe. A statistical regression study
shows that retaining the Maxwell fluid parameter constant and
increasing the Weissenberg number We decrease the drag
coefficient error. A BTHNFmodel containing tetra hybrid nano-
particles has not been utilized to examine heat and mass trans-
ferences in non-Newtonian fluids, considering diffusion,
thermo, and thermo diffusion. Entropy generation in a
binary fluid with tetra hybrid nanoparticles and BTHNF
has not been studied. Tetra hybrid nanofluid is not mentioned
in the literature. This effort aims to create a new tetra-hybrid
nanofluid model. This article is novel because it investigates
the effects of thermal radiation, thermal conductivity, porosity,
Darcy–Forchheimer, and Buongiornomodels on a tetra-hybrid
nanofluid flow under an extensible sheet.
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Abbreviations

AC alternating current
BTHNF Buongiorno tetra hybrid nanofluid
C-CHF Cattaneo–Christov heat fluxing
DC direct current
HNF hybrid nanofluid
LFRs linear Fresnel mirrors
MBNF modified Buongiorno nanofluid
MHD magneto hydrodynamics
PV photovoltaic
THNF tetra hybrid nanofluid

1 Introduction

Due to intricate stress–strain relationships, non-Newtonian
fluids are hard to predict. This Maxwell–cross model,
which combines viscoelastic and power law models, can
simulate flow in the power law zone and regions with low
and high shear rates. This model also accurately describes
territory movement at low and high shear rates and liquid
relaxation time. This technique requires temporal relaxa-
tion but can conduct many scientific simulations. Everyday
Maxwell–cross fluids include tomato sauce, paint, and
blood. Megahed and Abbas [1] studied stratified cross-fluid
flow, porosity material, and chemical reactions and found
that porosity limitation increases the slow fluid flow. This
shows that chemical reactions have a significant impact. Haus-
wirth and colleagues [2] found that porosity reduced the velo-
city when the cross model traveled over an expanding sheet
by increasing the Weissenberg quantity. Patel [3] showed that
when a magnetic force acts on stalled Carreau liquid in a
porous medium, the liquid temperature increases with the
heat production factor. Research investigating magnetic
effects on Carreau liquid revealed this. Shaw et al. [4] and
Sahu et al. [5] found that nonlinearly based thermal radia-
tive fluxing transfers heat faster than thermal radiation in a
cross-liquid. They also observed that the Darcy–Forch-
heimer effect amplification lowered the liquid flow speed.
An implanted cross-nanofluid with a Cattaneo–Christov heat
fluxing (C-CHF) and chemical reaction was thoroughly stu-
died by Ramzan et al. [6]. They found that C-CHF increases
heat transfer. The heat transfer study of a cross-nanoliquid
via a parabolic trough surface collector was extensively stu-
died by Reddy et al. [7]. Chemical reactions and MHD effects
on crossflow liquid in an inflatable cylinder were examined
by Ali et al. [8]. They observed thatmagnetized force improve-
ment reduced the speed field. Azam et al. [9] examined how

sun radiation affects unsteady cross-nanoliquid. They found
that sunlight raises the fluid temperature.

Recent studies have examined triple HNF effects on
fluid dynamics and thermal convection. In energy connec-
tions, triple hybrid nanocomposites surpass regular liquids,
nanofluid, mixed nanofluid, petroleum, and ethanol. We
cannot compare them with regular liquids. Hybrid nano-
fluids may freeze under hot conditions and other tempera-
ture-dependent phenomena. Recent research has examined
the impact of ternary hybrid nanofluids on fluid flow in
complex geometries. Asghar et al. [10] analyzed how HNF
affected a fluid flow under the sheet that was expanding and
contracting with the inclusion of thermal radiation and
rotating effect. While studying the effects of tri-hybrid nano-
particles and thermal radiative consequence on a water-
based nanoliquid passing a rotative sphere, Khan et al. [11]
discovered that a boost in thermal radiation increases the
Nusselt number. Heat transfer is amplified because of enlar-
gement in the fractional size of ternary hybridity nanomo-
lecules, as reported by Algehyne et al. [12], who assessed the
impact of tri-nanomolecules on pseudoplastic liquid move-
ment exposed toward a porousness material. The effect of
copper–alumina/water-based nanoliquid with the inclusion
of the magnetic effect and slip condition was probed by
Rasool et al. [13]. Hou et al. [14] examined the Soret/Dufour
type influence on pseudoplastic THNF and found that even
amplification inhibits mass transmission. Praksha et al. [15]
compared the di- and tri-hybrid nanofluid flow subjected to
an expanding sheet and showed that THNF magnifies the
Nusselt number. Sarada et al. [16] found that the heat-gen-
erating factor increases the THNF interior temperature.
Shamshuddin et al. [17] examined how linear-based thermal
rays and the Hall current affect THNF flow toward a rotating
disk. Using a wedge, Sajid et al. [18] explained how chemical
processes and activation affect THNF. Rosca et al. [19] used a
modified Buongiorno nanofluid model (MBNF) on fluid in
an elastic media with zero mass flux. Puneeth et al. [20]
examined how microorganisms and thermal conductivity
affected modified Buongiorno ternary hybrid nanofluid
flow toward expandable media and found that the THNF
volume percentage greatly increases the heat phenomenon.
MBNF flow into a bi-directional stretching medium was
examined by Owhaib and Al-Kouj [21]. Ramesh et al. [22]
observed MBNF flow via a thin needle and found that the
ternary hybrid nanofluid temperature increased more than
the hybrid liquid. Ali et al. [23] employed FEM for unsteady
rotational flow utilizing MBNF and found that growing an
unsteady parameter debacles the liquid velocity. Rana and
Gupta [24] solved a three-dimensional fluid embedded with
MBNF traveling over an expanding sheet with zero mass
flux using a finite element technique. Rana et al. [25]
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examined the buoyancy impact on fluid embedded with
MBNF across a slippery plate and found that the liquid speed
decreases. Sabu et al. examinedmagneto hybridity nanoliquid
flowing over slippery, porous material using MBNF [26].
Alblawi et al. [27] examined exponentially curved MBNF flow.

The Soret and Dufour effects in fluid mechanics and
heat transfer explain non-uniform mass and energy trans-
port in fluid mixtures. These effects are especially impor-
tant in multicomponent mixes with temperature and
concentration gradients. Researchers worldwide have stu-
died the effects of diffusion thermo and thermo diffusion
on the fluid flow over an expanding sheet. Cross-diffusion
and double-diffusion convection in a Casson liquid flow on
the Riga plate were studied by Asogwa et al. [28]. Shoaib
et al. [29] examined Soret and Dufour’s effects on tilted
nanofluid flow. Yadav et al. [30] examined Soret and
Dufour-type phenomena on fluid flow via a porous expand-
able sheet. Ramchandraiah et al. [31] examined Soret and
Dufour’s effects on bidispersive medium. Murray and Chen
[32] studied thermal and diffusion processes on flow in a
porous elastic media. Asghar et al. [33] studied mixed con-
vection on heat-generating/absorbing hybrid nanoliquid.
Yogeesha et al. [34] studied Stefan blowing and the Soret/
Dufour effect on a ternary hybrid nanofluid fluid exposed to
a porous, unsteady expanding sheet and found that the
Dufour effect increases the fluid temperature. Hafeez et al.
[35] considered the Soret/Dufour impact on a hybrid Casson
nanoliquid with ethylene glycol. Song et al. [36] discussed
hybrid nanofluid non-linear heat generation (sinking).

The amount of entropy created by irreversible pro-
cesses in a thermodynamic system is called “entropy gen-
eration.” This definition of “processes” includes heat trans-
mission via a liquid, viscosity, diffusion, heat flux, dispersion,
permeability, and more. According to the second principle of
thermodynamics, an increase in total entropy during a pro-
cess that may be interrupted and restarted is undesirable.
Nanofluid commonly suffers irreversible events such as dis-
persion, viscosity-induced fluid friction, heat flux, perme-
ability, and others while traveling over that medium, which
might increase the structure’s total entropy. Even nanofluid
travels through these and other phenomena. Minimizing a
system’s power sources requires entropy production. The
researchers aim to lower entropy from a number of indus-
trial processes and situations. The objective is to increase
productivity and output. Dharmaiah et al. [37] investigated
the influence of thermal radiation on the tangent hyperbolic
nanofluid as it moved over the cone, while mixed convection
and activation energy were also considered. Nasir et al. [38]
explored the influence of nanoparticles on the Maxwell nano-
liquid as it moved toward an exponential wall. Throughout
their research, they also achieved the irreversibility of liquid

flow. Berrehal et al. [39] studied entropy generation analysis
of hybrid nanofluid flow subjected to a thermic moving
wedge. They discovered that the total entropy of the system
increases as a result of expansion, as in the Brinkman quan-
tity. Oweidi et al. [40] investigated in depth the entropy gen-
eration of ternary hybrid nanofluids traveling through such
a rotating disc supplemented with Hall current and also
thermal radiation. Naz et al. [41] recalculated the entropy
production of magnetized Cross-nano liquid across an elas-
tomeric sheet consisting of motile microbes. Dharmaiah
et al. [42] evaluated the effect that a magnetic field combined
with activation had on a Buongiorno nanofluid flow toward
Howarth’s wavy cylinder.

Regression characterization typically uses mathema-
tical formulae. However, differential equations (DEs) may
be beneficial for certain modeling situations. Creating a
DE model for data collection and then making informed
assumptions about the model’s uncertain variable quanti-
ties based on those estimates and values may achieve this.
Quadratic regression (QRE) is used to obtain the best-fitting
parabola regression equation for data collection. This extra-
polation is an extension of linear regression, which was
used to create a straight-line equation that fits the data.
One kind of regression calculates the equation of a straight
line that best explains a set of data. To solve model-based
DEs linked to liquid flow across stretchy media faster,
researchers worldwide have been employing regression
analysis to examine the relationship between two parameters.
Falodun and Ige [43] analyzed the Casson–Williamson nano-
fluid using linear and quadratic regression and control the
chemical processes and heat radiation. Sajid et al. [44] per-
formed a quadratic regression analysis of a Reiner–Philippoff
fluid with a heat source, sink, and hybrid nanofluid and used
Galerkin finite-element method to calculate the model’s
numerical findings. Nandi et al. [45] performed a QRE analysis
of a stationary hybrid nanofluid in an exponentially
expanding medium with a magnetic field and radiation heat
effect. A magnetically inclined Carreau nanoliquid was
numerically calculated by El-Din et al. [46] using spectrum
relaxation. They used QRE regression to study the dynamics
of attained dimensional measurements to better understand
their behavior. Raju et al. [47] studied a thermally radiated
axisymmetric ternary hybrid nanofluid flow toward
expanding and contracting permeable barriers using simple
linear regression.

With regard to the above-stated literature, the objective
of this examination is to inspect the impression of the
intended novel modified tetra hybridized Buongiorno nano-
liquid model on Maxwell–cross nanofluid in the presence of
Soret/Dufour, thermal conductance, and thermal radiative
effects. A Maxwell–cross fluid with these types of effects,
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especially by consumption of a transformed Buongiorno
tetra hybrid nanoliquid simulation, has not been discovered
yet in the existing literature. Entropy generation and quad-
ratic regression analysis of a tetra hybrid liquid is not avail-
able in the literature.

2 Mechanism of solar-powered tiles

2.1 Solar tiles

Solar radiation is a very potent technique for harnessing
solar energy. Solar energy emitted by the Sun immediately
reaches photovoltaic cells located on the surface of
the solar tiles. A nanofluid containing tetra-hybridized
nanomolecules flows across a stretched sheet positioned
underneath the PV cells sheet inside the solar tiles. A
tetra-hybridized nanofluid is being directed across a plate
that is being stretched. Solar radiation passes through the
PV solar panel sheet and is incident on the stretched sur-
face. The addition of tetra-hybrid nanomolecules signifi-
cantly enhances the solar panels’ ability to absorb solar
energy. More heating is absorbed by the panel because of
tetra hybrid nanoparticles present inside the solar panel
sheet.

2.2 Power controller

A solar-powered charge controller protects the battery
from being overcharged by regulating both the voltage
and the current that goes from the solar panel to the bat-
tery. This keeps the battery from being in an unstable state.
With maximum power point tracking technology, the solar
panel can charge the battery 30% quicker each day. The
setting for this technology is 15 A/200W.

2.3 Batteries packed with equipment

Solar tiles employ solar energy to generate electricity,
storing the power in their built-in batteries for future use
instead of relying on fuel. A pack of batteries is a device
that stores energy for later use. The photovoltaic tech-
nology harnesses solar energy to generate electricity,
which is then stored in a battery. The longer the electrical
system in houses gets charged throughout daytime hours
when it is exposed to sunshine, the fewer issues will be

observed at night. This energy pertains to the use of power
inside residential buildings, gardens, outdoor spaces, garages,
and security lighting systems.

2.4 Solar inverter

Among the many crucial components of a solar power
setup is an inverter, which is a machine that converts
the DC power a solar array generates into AC power
that even the power company’s power lines require.
Multitasking is likely built into a converter in a residen-
tial solar power system. It may also serve as a hub for
connecting to other networks and monitoring the system
while turning solar energy into AC electricity. The ability
of solar-based devices, in addition to battery storage
devices, to continue functioning in the absence of grid
assistance during outages is dependent on the use of
sophisticated inverters (Figure 1).

3 Problem formulation

Two-dimensional incompressible laminar binary fluid (cross
fluid + Maxwell fluid) is moving subjected to an expandable
surface having an extending rate =u axw , where >a 0, in
this case, represents the rate at which the sheet is expanding.
The stretching sheet over which the tetra hybrid is flowing is
located below the PV sheet of the solar tiles sheet, as shown in
Figure 2. Porous media is contemplated to probe the outcome
of fluid moving through the pores in the light of Darcy law
and permeability of themedium. Amodified nanofluidmodel
combining the Buongiorno nanofluid and Tiwari–Das model
comprising agglomerative tetra nanoparticles (Zn + TiO2 + Ag
+ Al2O3) with EG as a base fluid is considered to investigate
the impact of the nanoparticles on a fluid flow. Soret effects
are considered for the investigation of the impact of concen-
tration on temperature and the impact of temperature on
concentration. Analysis of irreversibility in terms of a fluid
flow is evaluated. T , Tw, and ∞T represent temperatures at
the surface in addition to ambient temperature, and C , Cw,
and ∞C represent concentrations at the surface in addition to
ambient, respectively. Γ , n, Fr, λ, DTC, DCT, ρ

tethnf
, μ

tethnf
,

ρCp tethnf( ) , and ktethnf represent the Maxwell fluid relaxation
time, power law index of fluid, Forchheimer term, porosity,
diffusion thermo, and thermo diffusion, the density of tetra
nanofluid, dynamic viscosity, specific heat, and thermal con-
ductance of a tetra hybridized nanoliquid. The law of con-
servation of momentum, the second law of thermodynamics,
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and Fick’s second law in terms of diffusions are utilized in
order to obtain equations (2)–(4). The modeled system of
equations under the application of boundary layer theory and
the above-mentioned assumptions are as follows [24,30,31]:
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Figure 1: Mechanism of solar comprising of solar tiles.

Figure 2: Flow behavior.
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in the range of 0.01–0.1. Zinc (Zn) and their
Zn oxide nanoparticles have excellent chemical, electrical,
and thermal stability. Zinc oxide nanoparticles also have
optical, electrical, and photocatalytic properties. Alumina
(Al2O3) nanoparticles are valued for their enhanced proper-
ties compared to bulk materials. These particles, less than
100 nm in diameter, exhibit improved hardness, strength,
and conductivity due to their small size. Silver (Ag) nano-
particles have been proven to exhibit excellent electrical
conductivity, chemical stability, and catalytic and antimicro-
bial properties. The lightweight, high strength, and external
corrosion resistance of titanium and its alloys (TiO2) enables
them to be used in the aviation industry. Titanium alloys
have an excellent strength-to-weight ratio.

The thermophysical properties of Zn, TiO2, Ag, and
Al2O3, along with the base fluid EG [16,18,44,48–50], are
displayed in Table 1.
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Expressions regarding frictional factors in additional
heat transference rate are
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The dimensionless drag coefficient is represented by
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The heat transfer dimensionless form is

Table 1: Thermophysical properties of the conventional liquid and solid
nanomaterials

Property EG Zn TiO2 Ag Al2O3

ρ 1113.5 7,140 4,250 10,500 3,970
Cp 2,430 390 690 235 765

k 0.253 116 8.953 429 40
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whereas A1, A2, A3, Aand 4 are given by

=
− − − −

= −
⎧
⎨
⎩

− −
⎡

⎣
⎢ − +

⎤

⎦
⎥

+ +
⎫
⎬
⎭

+

= −
⎧
⎨
⎩

− −
⎧
⎨
⎩

−

+
⎫
⎬
⎭

+ +
⎫
⎬
⎭

+

=

⎫

⎬

⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪

⎭

⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪

A
ϕ ϕ ϕ ϕ

A ϕ ϕ ϕ ϕ ϕ
ρ

ϕ

ϕ
ρ

ϕ
ϕ

ρ

ϕ
ϕ

ρ

ϕ

A ϕ ϕ ϕ ϕ

ρC

ρC
ϕ

ρC

ρC
ϕ

ρC

ρC
ϕ

ρC

ρC
ϕ

A
k

k

1

1 1 1 1
,

1 1 1 1

,

1 1 1 1

,

.

s s s

s

1

1

2.5

2

2.5

3

2.5

4

2.5

2 1 2 3 4 4

4

f

3

3

f

2

2

f

1

1

f

3 1 2 3 4

p

p f
4

p

p f
3

p

p f
2

p

p f
1

4

tethnf

f

4 3 2

1

( ) ( ) ( ) ( )

( ) ( )( ) ( )

( ) ( )( ) ( )

( )

( )

( )

( )

( )

( )

( )

( )

(17)

The dimensionless parameters in the above equations
are presented in Table 2.

4 Entropy generation analysis

The entropy in its mathematical form is given as follows:
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Here, the first term describes the unsustainability of
the heat occurrence, the second describes the irreversi-
bility of the liquid friction that is associated with the
cross-liquid, the third term describes the irreversibility of
a permeability occurrence, and the final term describes the

unsustainability of concentration. The interpretation in
terms of entropy dissipation is

=N
S

k x/ Ω
,g

g

f
2

T

2
(19)

and the non-dimensional expression of the entropy rate is
given by

= + + +N N N N N .g gh gf gp gc (20)

Here, N N N N, , , andgh gf gp gc represent the formation
of entropy owing to heat unsustainability, fluid friction
unsustainability, porosity irreversibility, and concentra-
tion unsustainability, respectively. This concept is quanti-
tatively represented as follows:
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although
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The formula for calculating the Bejan number is as
follows:

=Be
Heat transfer irreversibilty

Total entropy
, (23)

5 Methodology

Utilizing MATLAB’s developed bvp4c code in combination
with the LobattoIIIA methodology allows for the dimension-
less equation system to be managed numerically. This is
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Irreversibility and thermal energy of tetra hybrid nanofluids  7



made possible by the LobattoIIIA strategy [51–53]. Throughout
this process, the nonlinearly modeled partial differential
equations (PDEs), which take into account a variety of effects
inmomentum energy and concentration formulas, are transferred
into ordinary differential equations (ODEs) with the assistance of
similarity components. As in the second phase, these ODEs were
diminished to first-order ODEs again for the LobattoIIIA metho-
dology by adopting the values = = =f y θ y φ y, , and .

1 4 6
The

non-dimensional elements were formed throughout the simulation
analysis. The rate of surface drag and the amount of heat delivery
are both estimated with a number of non-dimensional factors, and
the findings are presented in the form of tables and charts. The
amount of tolerance that should be applied to this specific case of
theproblem is −10 6, and in fact, the rangeof computation shouldbe

[0,7] rather than [0, ∞]. The process diagram technique of the
recommended computation structure is shown in Figure 3:

′ = ″ =f y f y, ,
2 3
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Table 2: Dimensionless parameters [4,5,9,20,29,38]

Dimensionless parameters Dimensional parameters Dimensional parameters

= =M
σB

ρa

2 0
2

magnetic effect =n power index Γ = material constant

= =Pr
μc

K*

p

Prandtl number =DTC Dufour type diffusion =g gravity phenomenon

= =λ
c

aK1
porosity =DCT Soret type diffusion =ω inclination angle

= =Df
D C C

ν T T

w

w

TC ∞

∞

( )

( )
Dufour effect =DSM concentration diffusion =K1 porosity

= =Le
ν

DSM
Lewis parameter =S suction =γ thermal expansion

= =Sr
D T T

D C C

CT w ∞

SM w ∞

( )

( )
Soret effect =Cp heat capacity =μ dynamic viscosity

= =λ*
gβ T T

u

mf 2

w
2

( )
convection =σ electrical conductivity =ρ density

= =S
v

av

w suction in a fluid =K T( ) thermal conductivity =B0 magnetic parameter

= =λ aΛ 1 Maxwell parameter

Figure 3: The procedure of the proposed model from numerical PDEs to numerical computations.
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6 Graphical results and discussions

6.1 Velocity profile

Figures 4 and 5 are designed to check the Forchheimer
number Fr and in addition to the porosity parameter λ

on ′f η( ). The viscidness of liquid increases by improving
Fr providing resistance to liquid movement. It is observed
that the fluid becomes more viscous with an increase in the
fractional size of nanomolecules, which reduces the liquid
speed shifting via an expandable medium and diminishes
the rapidity outline ′f η .( ) Figure 4 illustrates the effect of the
porosity factor λ on ′f η( ). There is a relationship between
the Darcian law and the porosity phenomena. The Darcian
hypothesis states that the fluctuations in pressure and speed
of a liquid are intimately connected. Since the Darcian body
force acts in contrast to the porosity of the fluid-flowing
medium, it slows down the movement of the fluid that it
causes. The changes in pressure increase the density in addi-
tion to resistance. As shown in Figure 5, fluid faces difficulty
in passing through the porous medium and moves closer to
the vertical wall as a result. The implementation of n in
relationship to ′f η( ) is shown in Figure 6. The symbol n

represents the viscosity of the liquid, which conveys the
aforementioned data. Viscosity has an upward trend for

>n 1, remains constant for Newtonian fluids with =n 1,
and decreases for <n 1. The viscosity of the fluid overcomes
its inertia, leading to an increase in n and a decreases in

′f η( ). The number proposed by Weissenberg is linked to
the process of untwisting and is the duration required for a

Figure 4: Impact of Forchheimer number Fr on the velocity field f η′( ) by
changing the volume fraction of the nanoparticles.

Figure 5: Influence of porosity λ on the velocity field f η′( ) by changing
the volume fraction of the nanoparticles.

Figure 6: Effect of viscosity index n on the velocity field f η′( ) by chan-
ging the volume fraction of the nanoparticles.

Irreversibility and thermal energy of tetra hybrid nanofluids  9



liquid to reach a state of relaxation. The viscosity decreases
with increasing We and decreases the rate of flow. Conse-
quently, this results in a decrease in the total speed. As shown
in Figure 7, the decrease in shear viscosity that occurs with
increasing We increases the average liquid rapidity.

6.2 Temperature profile

Figures 8–13 illustrate the influence that a wide range of
diverse factors has on the temperature θ η( ). θ η( ) decreases

with an increase in Pr. Because of the increase in Pr, heat
dissipates very rapidly, leading to a decrease in the amount
of heat that is delivered and the temperature within the
fluid. As displayed in Figure 8, the thermal boundary width
increases as Rd increases, while it decreases with an
increase in Pr. Figure 9 demonstrates the effect of the
radiation parameter Rd on θ η( ).

Thermal radiation flux is used in situations that need a
significant temperature difference and has a wide range of
applications in production, including nuclear reactors and
combustible nuclear power plants, among others. The pro-
duction of polymer substances, water treatment, and
similar procedures are discussed. Increasing the value of

Figure 7: Impact of Weissenberg number We on the velocity field f η′( )

by changing the volume fraction of the nanoparticles.

Figure 8: Effect of Prandtl number Pr on the temperature field θ η( ) by
changing the volume fraction of the nanoparticles.

Figure 9: Effect of radiation number Rd on the temperature field θ η( ) by
changing the volume fraction of the nanoparticles.

Figure 10: Effect of Brownian diffusion Nb on the temperature field θ η( )

by changing the volume fraction of the nanoparticles.
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Rd leads to a higher degree of uncertainty in atomic colli-
sions. The introduction of tetra nanocomponents to the
traditional fluid enhances the Rd phenomena, resulting
in an increase in θ η( ) and the thickening of a temperature
boundary layer. This is due to the thickening of the tem-
perature boundary layer. It is well-known that even an
increase in the positive value of Nb has a multiplicative
effect on the temperature of the fluid. The mobility of the
particles in a fluid that exhibits a zigzag pattern is known
as Brownian motion. It is not surprising that molecules
crash into one other much more haphazardly and transfer
some of their kinetic energy to each other. Such an increase in

temperature is caused by an interaction between two crucial
factors of the Buongiorno nanofluid model (BNFM): the ther-
mophoretic variable Nt and the Brownian diffusion para-
meterNb. The enhancement of the thermophysical properties
of the liquid caused by the incorporation of tetra nanomole-
cules in the conventional fluid is shown in Figure 10, and it
leads to an increase in Nb as well as a greater quantity of heat
transported and the temperature within the fluid. The effect
of increasingNt has on the temperature is shown in Figure 11.
An increase in Nt generates a temperature difference, and
this leads to an increase in the force (thermophoretic) that
exists among nanoparticles. This force causes the heating up
of more liquid, which in turn increases the temperature. It
has been noticed that this force is greater when tetra-hybrid
nanomolecules are incorporated into the standard liquid. The
increased delivery of heat by nanofluid is due to an increase
in Nt, which in turn increases θ η( ). Figure 12 shows the
results of the Dufour effect, abbreviated as Df , on the tem-
perature field. It was noticed that the value of θ η( ) increases
when there is a minuscule modification made toDf . Either the
Dufour phenomena or the diffusion thermo effect may be used
to refer to the process of heat transfer that occurs as a direct
consequence of an isothermal chemical potential gradient. The
transmission of heat is what sets the Dufour effect apart from
several other types of events. It is a representation of the heat
transference that occurs because of the diffusion that takes
place when conditions are isothermal. Because of the integra-
tion of tetra hybrid nanomolecules and Buongiorno nanofluid,
the heat transference, measured in conditions ofDf , increases.
The rate of heat transition and the temperature of the fluid
both increase because of an increase in the thickening of the

Figure 13: Effect of thermal conductivity ϵ on the temperature field θ η( )

by changing the volume fraction of the nanoparticles.

Figure 11: Effect of thermophoresis diffusionNt on the temperature field
θ η( ) by changing the volume fraction of the nanoparticles.

Figure 12: Effect of Dufour number Df on the temperature field θ η( ) by
changing the volume fraction of the nanoparticles.
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temperature boundary layer. Thermal conductivity is used to
describe the capacity of any substance to transfer heat. Parti-
cles collide more accidentally and transfer more heat in the
presence of tetra hybrid nanoparticles, which increases ε and
θ η ,( ) as shown in Figure 13.

6.3 Concentration profile

Figures 14 and 15 show the impact of Sc and Sr on φ η( ). A
positive fluctuation in Sc and Soret effect Sr increases the
concentration of the liquid. By increasing Sc and Sr,

the density of the boundary layer increases. Sc is the ratio
of momentum dispersion to mass dispersion. When
the magnification in Sc is increased, the mass diffuses
rapidly. Mass is closely related to the concentration, and
a positive change in Sc increases φ η( ). It is well known
that temperature and concentration have a significant
relationship. Sr represents the proportion of temperature
and concentration variation. When Sr is increased, the
temperature gradient also increases, and there seems to
be an increase in molecular dispersion. As a consequence,
as Sr increases, the rate at which mass is transmitted
increases.

Figure 14: Effect of Schmidt number Sc on the concentration field φ η( )

by changing the volume fraction of the nanoparticles.

Figure 15: Behavior of Soret number Sr on the concentration field φ η( )

by changing the volume fraction of the nanoparticles.

Figure 16: Effect of power law index n on the frictional force.

Figure 17: Effect of Maxwell fluid parameter Λ on the frictional force.
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6.4 Statistical analysis

The effectiveness of n and Λ on the drag coefficient is shown
in Figures 16 and 17. The liquid velocity also decreases when
the density increases in terms of n. Surface friction actually
hinders the movement of liquids. A progressive effect in n
increases the liquid viscosity, thereby decreasing the overall
flow motion and increasing the frictional force. The findings
of the Maxwell fluid variable on the frictional factor are
shown in Figure 17. The rapidity of liquid flowing alongside
the intermediate rapidity causes surface drag. The liquid velo-
city decreases because of an increase in Λ, which diminishes
the wall frictional force. Physically, when a liquid’s relaxation
time increases, the drag friction effect and fluid velocity
decrease. Figure 18 shows the effect of the Weissenberg
number on the surface drag friction. The Weissenberg

number is related to how long a fluid must relax before it
may resume its previous form. Fluid viscosity increases
throughout that period, causing difficulty for the liquid to
pass readily via the expanded plate. The friction that the
liquid creates against the surface is known as drag friction.
It is generally known that velocity decreases with an increase
in We, which, on the other hand, increases drag friction, as
shown in Figure 19. A crucial parameter increasing the rate of
heat transport is Df . The Dufour quantity is favored by

Figure 18: Effect of Weissenberg number We on the frictional force.

Figure 19: Effect of Dufour number Df on the heat transfer Nusselt
number.

Figure 20: Investigation of thermal radiation Rd on the heat transfer
Nusselt number.

Figure 21: Impact of Soret number Sr on the concentration transport
Sherwood number.
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temperature fluctuation, which magnifies the fluid’s internal
temperature. For Df , the use of Buongiorno tetra hybrid
nanoparticles increases the fluid temperature and the velo-
city of heat transfer, which increases the Nusselt number, as
illustrated in Figure 19. The introduction of nanomolecules in
the standard liquid significantly elaborates the Rd behavior
and Nusselt number, as shown in Figure 20, whereas incre-
mental changes in Rd cause the fluid temperature to increase
thermal conductivity. Figure 21 shows the impact of Sr on the
Sherwood number. With an increase in Sr, fluid’s mass trans-
port and Sherwood number are decreased.

6.5 Entropy generation analysis

Figures 22 and 23 show the effects of Br and Re on the entropy
generation Ng. When Br is increased, the physical character-
istics change in such a manner that the conducting occurrence
of heat that is formed because of viscous dissipation decreases.
This phenomenon arises due to the fact that the rate at which
heat is conducted increases proportionally with the tempera-
ture of the system. This phenomenon occurs due to an increase
in the rate of heat conductance as the temperature of the

Figure 22: Impact of Brinkman number Br on the entropy generation Ng

by changing the volume fraction of the nanoparticles.

Figure 23: Impact of Reynolds number Re on the entropy generation Ng

by changing the volume fraction of the nanoparticles.

Figure 24: Impact of Weissenberg number We on the entropy genera-
tion Ng by changing the volume fraction of the nanoparticles.

Figure 25: Impact of radiation Rd on the entropy generation Ng by
changing the volume fraction of the nanoparticles.
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system increases. Consequently, the pace at which entropy is
formed increases as a direct effect of this. The change from
laminar to turbulent behavior of the fluid that occurs because
of an increase in Re is caused by this change. This is because
the process of heat dissipation is exacerbated by increasingRe,
which in turn emphasizes Ng. Figures 24 and 25 illustrate the
entropy-creating process known as Ng, which occurs due to a
progressive variation in both We and Rd. This is the major
focus of interest that is spent on this process. The relaxation
time of fluid increases with an increase in the We number,
which provides the resistance to the flow of fluid, increases
temperature on the other side, and decreases the Ng field.
This obstruction to the flow of liquid is caused by an increase
in the temperature. With an increase in Rd, molecules collide
more often, absorbing more heat and sharing more KE. This
extensive heat is sent to the liquid, which develops the overall
entropy of the liquid and Ng. The molecules also share more
KE with each other. An incremental change in the concentra-
tion diffusion L is found to result in faster diffusion of the
mass, which was observed to occur as a consequence of the
change. Molecules moved from a location that was hotter to a
cooler region, which caused an imbalance in the concentra-
tion equilibrium and increased the overall entropy Ng of the
system, as illustrated in Figure 26. The influence that Br and
Re have on the Bejan number is shown in Figures 27 and 28.
Both the generation of entropy and the qualities possessed
are in direct opposition to one another. Whenever there is a
positive variation in Br and Re, there is an accompanying
increase in Ng, while there is a decrease in Be.

7 An examination in the tabulated
form of results acquired
numerically

7.1 Effect of a variety of characteristics on
the frictional force factor of the surface

Table 3 shows the effect of a wide diversity of influences on
the drag coefficient. It is well known that drag frictions are
forces that operate in the opposing direction of the material
upon which the liquid is moving. A decrease in velocity as
well as an increase in the drag friction are both found to result

Figure 26: Impact of diffusion concentration L on the entropy genera-
tion Ng by changing the volume fraction of the nanoparticles.

Figure 27: Impact of Brinkman number Br on Bejan number Be by
changing the volume fraction of the nanoparticles.

Figure 28: Impact of Reynolds’s number Re on the Bejan number Be by
changing the volume fraction of the nanoparticles.
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froma significant change inFr,We, λ, andΛ. It has beennoticed
that an increase in these factors causes resistance to the move-
ment of liquid and decreases the velocity. It was found that
increasing the viscous parameters n decreases the drag friction.

7.2 Effect of different factors on the Nusselt
number

Table 4 displays the effects of various factors on the heat
transportation phenomenon. The Nusselt number actually
represents the temperature difference at the plate with
the ratio of convection heat transference to conducting heat
transport. A temperature change strengthens with an increase

in Dufour number Df , radiative parameter Rd, Brownian dif-
fusion Nb, and thermal conductivity ϵ, and decreases with an
increase in the thermophoresis effect Nt.

7.3 Impact of parameters on the heat
transportation phenomenon for di
hybrid, ternary hybrid, and tetra hybrid
nanoparticles

Table 5 shows the effect of ϵ, Nb, Nt, and Rd on heat trans-
portation rates for di hybrid, tri hybrid, and tetra hybridity
nanomolecules. It is well known that the inclusion of tetra
nanomolecules increases the thermal conductance of the
liquid and Nusselt number. It is observed that increases in
ϵ, Nb, and Rd deliver more heat, and this heat generation is
more dominant in the order tetra hybrid > ternary hybrid
> dihybrid. It is reflected that the thermophoresis variable
Nt decreases the heat transmission rate in the order di
hybrid > tri hybrid > tetra hybrid, as shown in Table 5.

Table 3: Influence of a variety of elements on the frictional force factor

n Fr λ We Λ

C Rexf

1

2

0.5 0.3 0.3 0.1 0.1 1.7321
1.2 1.3015
1.6 1.1278

0.5 1.6345
0.7 1.7214
0.9 1.8510

0.5 1.4143
0.7 1.6015
0.8 1.8231

0.5 1.2176
1 1.1015
1.5 0.6312

0.3 1.7213
0.5 1.7487
0.7 1.7854

Table 4: Influence of different dimensionless parameters on the Nusselt
number

Df Rd Nt Nb ϵ

Nu Rex x

1

2

0.5 0.1 0.3 0.3 0.5 2.3954
0.1 2.5218
1.5 2.7115
2 2.9763

0.4 2.6215
0.7 2.8312
1.0 3.1102

0.6 2.5210
0.9 2.3016
1.2 2.2015

0.6 2.7156
0.9 3.2015
1.2 3.5781

1.0 3.1218
1.5 3.4032
2.0 3.6217

Table 5: Influence of different dimensionless parameters on the Nusselt
number by increasing the amount of nanoparticles

ϵ Nb Nt Rd Di
hybrid

++ϕ ϕ
1 2

Tri
hybrid

++++ϕ ϕ ϕ
1 2 3

Tetra
hybrid

++ ++++ϕ ϕ ϕ ϕ
1 2 3 4

0.5 0.5 0.5 0.5 2.2312 2.6213 2.9012
1 2.6145 2.9019 3.3121
1.5 2.8151 3.1214 3.5317

1 2.4212 2.5116 2.7521
1.5 2.6101 2.7368 2.9291
2 2.8351 2.8481 3.4152

1 2.1234 1.6241 1.4765
1.5 1.8785 1.4413 1.3837
2 1.7015 1.2147 1.2612

1 2.8121 3.1209 3.8123
1.5 3.1013 3.4561 4.1243
2 3.4345 3.7215 4.3316

Table 6: Analysis of the achieved results regarding the surface frictional
force factor

Parameter Skin friction

M Khan et al. [54] Existing findings

0.1 1.0000 1.0000005
0.5 1.1181 1.1181052
1.0 1.4141 1.4142081
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8 Validation in the obtained results

Table 6 shows the analysis results caused by a positive variation
in the inclined magnetic field M in the case of the drag coeffi-
cient. The findings obtained are more dependable and genuine
in comparison to the ones produced by Khan et al. [30].

9 Quadratic regression analysis for
frictional factor and Nusselt
number

The values of all the other distinguishable indicators are
held constant throughout the procedure for carrying out a
regression analysis. Throughout the cases of Cfx and Nux ,
individual numerical characteristics are separated into 110
diverse sorts, allowing Λ and We amount for the drag
coefficient as well as ε and Rd throughout the heat transi-
tion rate. All the remaining components range between
0.05 and 0.5 and between 0.05 and 0.20. The mathematical
formulas representing a quadratic regression framework
are as follows:

++= + + + +b b b b bCf Cf Λ We Λ We ΛWe,xqre 1 2 3
2

4
2

5 (25)

++= + + + +c ε c c ε c c εNu Nu Rd Rd Rd.xqre 1 2 3
2

4
2

5 (26)

Here, b b b b b c c c c c, , , , , , , , ,1 2 3 4 5 1 2 3 4 5 are approximated
values of drag coefficients and heat transport numerically
achieved by regression analysis shown in Tables 7 and 8.
Error computations in terms of Cfx and Nux are achieved
using =

−
εc

Cf Cf

Cf

x

x

qre| |
and =

−
εn

Nu Nu

Nu

x

x

qre| |
. Table 7 shows that

the error becomes smaller by increasing n by taking We fixed

at =Λ 0.1 and =Λ 0.5. According to Table 8, the error in
terms of heat transition decreases by increasing ε and Rd.

10 Conclusions

The purpose of this work is to explore the influence that a
Buongiorno tetra hybrid nanofluid (BTHNF) model has on
a Maxwell–cross liquid that is embedded with the Soret
and Dufour effects and therefore is flowing while being
exposed to an extendable surface. The conclusions are as
follows:
• Fluid thickness increases as a result of increases in the
viscosity index n, the Weissenberg number We, and the
Maxwell fluid parameter, all of which contribute to a
reduction in the velocity field.

• The rate on which heat is delivered increases as a con-
sequence of a little modification to Rd, Df , and the
thermal conductivity, which in turn increases the heat
transport rate.

• A decrease in fluid velocity results from even a little
change in λ and Fr.

• The addition of tetra hybrid nanoparticles (THNF) to the
foundation liquid causes an improvement in the heat
capacity of the liquid. This, in turn, indicates a boost in
the Nusselt numbers.

• In comparison to standard THNF, the BTHNF generates a
greater amount of heat.

• Changing Rd while maintaining a constant value for ε

results in a diminishing error in terms of the
heat transfer rate. Similarly, changing We while main-
taining a constant value for the Maxwell fluid parameter

Table 7: Optimal error calculation utilizing statistical quadratic regression analysis for surface drag by augmenting Λ and We

Λ We Cfx b1 b2 b3 b4 b5 ε1

0.1 1 0.5461 −0.2001 1.2642 0.0270 −0.4140 0.0612 0.0037
0.1 1.5 0.3412 −0.1621 1.6753 0.0212 −0.6126 0.0070 0.0015
0.5 1 0.8431 −0.7682 1.3801 0.1876 −0.1101 0.6762 0.0028
0.5 1.5 0.8156 −0.4307 1.1739 0.1213 −0.6853 0.3540 0.0013

Table 8: Calculation of optimal error for heat transition by improving ε and Rd in the case of quadratic regression analysis

ε Rd Nux
c1 c2 c3 c4 c5 ε2

0.5 0.6 2.5360 0.0321 −0.0234 −0.0315 0.0245 0.1240 0.0152
0.5 1 2.5372 0.0035 −0.0439 −0.0011 0.0424 0.1763 0.0135
1.5 0.6 2.5456 0.0216 −0.0870 0.0012 0.3120 0.1854 0.0215
1.5 1 2.5481 0.0042 −0.0862 0.0215 0.2152 0.1801 0.0210
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results in a diminishing error in terms of the drag
coefficient.

• Because of the increase in Br, Re, and Rd, there is a
corresponding increase in the system’s entropy.

• The Bejan number decreases as a consequence of the
increasing effect that Br and Re have.

• Nanofluids with different effects like thermal radiation
and thermal conductivity can be used as promising
working fluids in different real-world industrial thermal
energy systems, including heat exchangers, heat pipes,
nuclear reactors, electronic cooling systems, and auto-
mobile radiators.

• This novel BTHNF model has been implemented in the
case of fluid flow over various geometries like cone, wedge,
cylinder, and Riga plates. Various nanofluid models like
Maxwell, Hamilton-Crosser, Tiwari and Das, Yamada, and
Ota nanofluid models have been modified in a similar
fashion into ternary hybrid and tetra hybrid cases in order
to achieve more heat.
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