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Abstract The exclusive behaviour of hybrid nanofluid has been actively emphasized due to the

determination of improved thermal efficiency. Therefore, the aim of this study is to highlight the

stagnation point Al2O3-Cu/H2O hybrid nanofluid flow with the influence of Arrhenius kinetics

and thermal radiation over a stretching/shrinking sheet. This particular work is distinctive because

it presents a novel hybrid nanofluid mathematical model that takes into account the highlighted

issue with a combination of multiple consequences that have not yet been addressed in prior liter-

ature. The bvp4c package embedded in MATLAB software is used to address the formulated ordi-

nary differential equations and specified boundary conditions based on similarity solutions. The

flow is assumed to be incompressible and laminar, and the hybrid nanofluid is made up of two dif-

ferent types of nanoparticles. The findings demonstrate the viability of dual solutions within the

defined ranges of the physical parameters. As predicted, the hybrid nanofluid flow has been con-

vincingly proved to enhance the skin friction coefficient and the heat transfer performance as

opposed to viscous flow and nanofluid flow. The heat of reaction and radiation parameters also

act as contributing factors in the progress of thermal enhancement. On the other hand, the reaction
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rate parameter unexpectedly displays a decreasing trend in the heat transfer rate of the current

study. It is anticipated that this study will benefit future research into this potential heat transfer

fluid, particularly in the areas of thermal systems and boundary layer analysis.

� 2023 THE AUTHORS. Published by Elsevier BV on behalf of Faculty of Engineering, Alexandria

University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

The fluid movement near a solid surface’s stagnation area is

referred to as stagnation point flow. The stagnation flows
occur in a variety of application fields, such as submarines, air-
craft, and flows over the tips of rockets. The concern of stag-
nation point flow has been expanded in a variety of

approaches, including boundary layer. Historically, Hiemenz
[1] started the investigation of stagnation point flow by trans-
forming the Navier-Stokes equations into an ordinary differen-

tial equation using the similarity variables. Following that,
Eckert [2] extended the proposed formulation by incorporating
the momentum and energy equation. Since then, many

researchers have extensively investigated the stagnation point
flow in various aspects. Dash et al. [3] introduced the numeri-
cal approach of stagnation point flow towards a stretching/

shrinking surface in the boundary layer using the shooting
method. According to Farooq et al. [4], the radiation parame-
ter favors the thermal progression in their investigation
towards the radiation impacts of viscoelastic nanofluid in stag-

nation point flow. In another study, Rostami et al. [5] declared
a dual solution in mixed convective stagnation flow by consid-
ering a hybrid nanofluids. It is notable that their research con-

cluded that hybrid nanofluids had a higher heat transfer rate
than ordinary nanofluids. Khan et al. [6] discussed the heat
transfer characteristics in their investigation of the nonlinear

nanomaterial in mixed convection flow by utilising the entropy
generation. Later, Khan et al. [7,8] scrutinized the flow of two
different types of nanofluid with the inclusion of Arrhenius
activation energy. It has been noted that the working fluid’s

flow behaviour has been affected by the activation energy.
Javed et al. [9] examined the impact of heat generation/absorp-
tion on axisymmetric Casson liquid flow. They concluded that

the heat transfer rate decreased as the Casson parameter
increased.

In another study, Mahanthesh [10] performed a statistical

and exact analysis in a magnetic environment of the
C2H6O2-H2O hybrid base fluid. The hybrid nanoliquid flow
with quadratic radiation and quadratic Boussinesq approxima-

tion is also discussed by Mahanthesh [11–13]. In his series of
studies, he found that the rate of heat transfer is more respon-
sive to quadratic radiation. Thriveni and Mahantesh [14] per-
formed a sensitivity analysis of hybrid nanomaterial nonlinear

convective heat transfer between two concentrically positioned
cylinders with different heat sources. Mackolil and Mahantesh
[15] utilized the response surface methodology (RSM) to opti-

mise the thermal Marangoni convective flow of a hybrid nano-
material’s heat transfer rate. Based on their findings, the
hybrid nanomaterial is discovered to have improved thermal

fields for nanoparticle volume fractions under 2%. Gul et al.
[16] inspected the impact of effective Prandtl number in both
nanofluid and hybrid nanofluid over a stretching cylinder.

Their findings revealed that hybrid nanoliquid temperatures
are rising faster than those of ordinary nanoliquids. As a sum-
mary, all discoveries mentioned above have been an open field
of research in nanofluid technology and heat transfer.

In order to enhance the base fluid’s thermophysical proper-
ties, working fluids called hybrid nanofluids are made up from
a variety of nanoparticles. By adjusting the ratio or concentra-

tion of the nanoparticles, one can customise the characteristics
of mono nanofluids. Mono nanofluids, on the other hand,
demonstrated steady thermophysical properties in a con-

strained range by using only one type of nanoparticle (metallic
or nonmetallic). Hybrid nanofluids have been created in recent
years to enhance the features of fluid’s thermophysical and
heat transfer capabilities. Hybrid nanofluids’ hydrothermal

properties offer a wide range of uses in heat transfer systems
such as heat exchangers, heat sinks, heat pipes, and solar pan-
els. In many applications devices that demand heat transfer,

the relationships between the friction factor and the Nusselt
number are also listed. In every aspect of human activity,
including heating and cooling, generating electricity, manufac-

turing industries, electronic devices, and biomedical applica-
tions depends on the continued expansion and substantial
breakthroughs of thermal management. The power density

or heat flux has substantially grown due to the component
miniaturisation and exponential expansion in manufacturing
capabilities, which presents a challenge to the conventional
cooling technologies (see the excellent review paper by

Muneeshwaran et al. [17]).
According to Huminic and Huminic [18], combining hybrid

nanofluid with small channel dimensions of thermal devices

makes it possible to obtain appliances with compactness, low
thermal resistance, and efficiency. Later, several studies have
been conducted to investigate the effectiveness of hybrid

nanofluids as heat-transfer fluid in the stagnation point flow.
Dinarvand [19] considered copper oxide and silver nanoparti-
cles as hybrid nanofluids to examine the heat transfer in nodal/
saddle stagnation-point boundary layer flow problem. He dis-

covered that hybrid nanofluid’s thermal properties are better
than those of base fluid and nanofluid. Waini et al. [20]
observed the behaviour of stagnation boundary layer flow in

different geometry which is cylinder and found dual solutions
in their exploration studies. Khashi’ie et al. [21] acknowledged
that the thermal performance increased as the copper nanopar-

ticle concentration increased in their study of stagnation point
flow over a vertical Riga plate. Meanwhile, the unsteady stag-
nation point flow towards a stretching/shrinking surface fea-

turing hybrid nanofluids has been encountered by Zainal
et al. [22,23] in their multiple studies. The above-stated litera-
ture proves that hybrid nanofluids may help to intensify the
thermal progress in the stagnation point flow. A few more

researches on the boundary layer hybrid nanofluid flow and
heat transfer are accessible in [24–28].

Heat transfers and boundary layer flow towards a stretch-

ing/shrinking sheet has many practical applications in engi-
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Fig. 1 The physical model.
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neering and manufacturing industries. According to Fisher
[29], this topic area may also be relevant to polymer technol-
ogy, where plastic sheets are stretched, and metallurgy, where

continuous strips are cooled. Previous research on stretching/
shrinking surfaces in the boundary layer and heat transfer is
widely available. The study of stagnation point flow across a

shrinking sheet was invented by Wang [30]. Bachok et al.
[31] discovered that the solutions for a shrinking sheet are
not unique, unlike a stretched sheet. The thermal radiation

impact on the stagnation region over a stretching/shrinking
sheet was investigated by Bhattacharyya and Yalek [32].
Remarkably, the findings show that the heat transfer rate
boosts in the first solution due to incorporating the thermal

radiation parameter into account. Additionally, these out-
comes are consistent with the research done by Waini et al.
[33]. Consequently, it is important to note that other governing

parameters may change the working fluid behaviour in the
boundary layer flow problems.

The thermal radiation impact may alter the temperature

distribution in some applications, such as those dealing with
dissociating fluids and chemical reactions. This might eventu-
ate in applications such as space vehicle re-entry, astrophysical

flows, electrical power generation, and solar power technology
[34]. Countless research has examined the effects of radiative
and thermal management in nanofluids throughout the years.
Elbashbeshy [35] discussed how thermal radiation affects ther-

mal performance along a stretched surface. Waqas et al. [36]
completed an analysis of stagnation point flow with radiation
and magnetic impact in hybrid nanofluids. They concluded

that rising thermal radiation parameters and Eckert numbers
cause an increase in the thermal field. Stability and statistical
analysis of hybrid nanofluid featuring radiation effect and

melting heat transfer are examined by Basir et al. [37]. Their
research exposed that the heat transfers via radiation and melt-
ing tend to be much higher in hybrid nanofluid, and so does

the skin friction coefficient. Asghar et al. [38] examined the
influence of thermal radiation in a magnetic environment on
three-dimensional flow of hybrid nanofluid. Their findings
demonstrated that the radiation parameter values have no

effect on the velocity profile. Further analysis of the effects
of thermal radiation in hybrid nanofluid flow may be obtained
in [39–42].

Analysis of chemical Arrhenius kinetics and activation
energy is essential in the diffusion of binary chemical mixes
for the movement of species and energy, which will help chem-

ical engineers and scientists in their efforts to stop reaction
blowups. The importance of Arrhenius kinetic nanofluid in
industrial development is significant to the industrial chemical
production, thermal sciences, biomedical device, polymer

extrusion, and technological advancement in improving the
thermal system [43]. According to Khan et al. [44], the Arrhe-
nius activation energy is the least amount of energy needed to

initiate a chemical reaction, based on Arrhenius’ pioneering
work in 1889. The particles (atoms, molecules) are prepared
to participate in chemical reactions once they have obtained

this form of energy. Shahid et al. [45] scrutinised the Arrhenius
kinetics of bioconvection nanofluid with magnetic impact and
they noted that the relative temperature parameter reduces the

nanoparticle concentration profile while activation energy
optimizes it. Arain et al. [46] performed a numerical analysis
on multiphase flow and Arrhenius kinetics in Carreau fluid.
Their findings summarised that the reaction rate suppresses
the concentration of nanoparticles while activation energy is
increased. Shah et al. [47] demonstrated the use of the Arrhe-
nius chemical process on third-grade fluids with temperature-

dependent thermo-rheological features in mixed, convective
flows, recently. Their research concluded that the concentra-
tion profile has been enhanced by the higher activation energy

factor.
Prompted by a prior investigation of Merkin and Pop [48],

the current study is intended to carefully evaluate the hybrid

nanofluid with the combination of alumina and copper
nanoparticles subjected to a stagnation point flow. Merkin
and Pop [48] only consider viscous flow, while according to
recent experimental and numerical studies, nanofluid reacts

as a better heat transmission fluid than viscous fluid. There-
fore, the primary goal of this study is to widen their field of
inquiry by utilising hybrid nanofluid flow with the influence

of Arrhenius kinetics, thermal radiation, and heat transfer.
In this study, a new hybrid nanofluid mathematical model is
presented. By including other influences such as radiation,

the current study also intends to address a research gap in
the existing literature, especially when it pertains to investigat-
ing the stagnation-point hybrid nanofluid flow. As a result, the

bvp4c method in the MATLAB package is employed to
address this problem. A comparative result has been observed,
and a strong connection between previous research and the
current results is revealed which leads to the next aim of this

study. The final analysis is portrayed in figures and tables
form. Overall, it is believed that a thorough investigation of
these flows should be strengthened together with the use of

mathematical competence considering the importance of stag-
nation flows in numerous industrial applications. Also, these
findings are anticipated to assist other researchers and scien-

tists expand their knowledge of this prospective heat transfer
fluid, especially in boundary layer analysis and thermal
systems.

2. Mathematical model

We consider the two-dimensional stagnation point flow of a

hybrid nanofluid with laminar, steady, and incompressible
flows in the boundary layer over a stretching/shrinking
surface, as shown in Fig. 1, where x and y are the Cartesian
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coordinates with the plate in the plane y ¼ 0. It is presumable
that Arrhenius kinetics regulate within mass concentration and
the fluid temperature on the surface flow. It is also assumed

that qr is the radiative heat flux. In addition, the velocity of
the stretching/shrinking sheet isuw xð Þ ¼ uex=lð Þk, where ue is
a positive constant, l is a characteristic length of the surface

and k is the stretching/shrinking parameter with k > 0 for
the stretching sheet, k < 0 for the shrinking sheet, and k ¼ 0
for the static sheet. The velocity of the far field is denoted as

u0 given that u0 xð Þ ¼ uex=l:
As pointed out by Khan et al. [44] in their previous study,

the Arrhenius activation energy is the least amount of energy
needed to initiate a chemical reaction. Thus, the one-step reac-

tion k regulated by Arrhenius effect is used to illustrate the
exothermic surface reaction occurring on the wall by following
the work done by Merkin and Pop [48]. Hence, it can be writ-

ten as

A ! B; k ¼ rate k0ae
�E=RT; ð1Þ

where a is the reactant concentration ofA,B is the product spe-
cies, E is the activation energy, T is the fluid temperature, k0 is
the rate constant, and R is the gas constant. It is assumed that

the base fluid temperature and concentration are T1 and a1,
respectively. It is anticipated that the flow is incompressible
and laminar; hence, the governing boundary-layer equations

for the assumptions mentioned above can be identified as fol-
lows (see Merkin and Pop [48]):
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subject to

v ¼ 0; u ¼ uw xð Þ; kc
@T

@y
¼ �Qk0ae

�E=RT;

D
@a

@y
¼ k0ae

�E=RT at y ¼ 0; u ! ue; T ! T1; a ! a1 as y ! 1:

ð6Þ
Here u and v are the velocity components along x and y-

axes, Q is heat reaction, while D and kc are the diffusion of
mass and thermal conductivity, respectively. We note that
lhnf and qhnf are dynamic viscosity and density, respectively,

qCp

� �
hnf

is capacity of heat, and khnf is the heat conductivity.

Following that, Table 1 demonstrates the fluids correlations
(refer to Takabi and Salehi [49]), and Table 2 displays the
properties of /1 which denotes as Al2O3 (alumina) nanoparti-

cle and /2 signifies the Cu (copper) nanoparticle (see Oztop
and Abu-Nada [50]).

We now utilising the Rosseland approximation [51], hence

qr ¼ � 4r�

3k�
@T4

@y
; ð7Þ
where r� is the Stefan-Boltzmann and k� is the coefficient of

mean absorption. Now, the temperature differential T4 in the
flow should then be added to Taylor’s series. Consequently,

by omitting the higher-order expressions and extending T4

over T1 , then

T4 ffi 4T3
1T� 3T4

1; ð8Þ
so that

@qr
@y

¼ � 16T3
1r�

3k�
@2T
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Employing Eq. (9) into (43), we have
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We now introduce the following similarity variables (see
Merkin and Pop [48])

w ¼ x
ffiffiffiffiffiffiffiffiffiffiffiffi
uemf=l

q
f gð Þ; g ¼ y

ffiffiffiffiffiffiffiffiffiffiffiffi
ue=mfl

q
;

T ¼ T1 þ RT2
1

E

� �
h gð Þ; a� a1 ¼ a1v gð Þ: ð11Þ

Thus,

u ¼ uex

l
f 0 gð Þ; v ¼ � uemf=l

� �1=2
f gð Þ: ð12Þ

Substituting the similarity variables (11)-(12) into Eqs. (3),
(5) and (10) with boundary conditions (6), we attain:

lhnf=lf

qhnf=qf

f 000 � f 02 þ f 00ffþ 1 ¼ 0; ð13Þ

1

Pr

1

qCp

� �
hnf
= qCp

� �
f

 !
khnf
kf

þ 4

3
Rd

� �
h00 þ fh0 ¼ 0; ð14Þ

1

Sc
v00 þ fv0 ¼ 0; ð15Þ

f 0ð Þ ¼ 0; f 0 0ð Þ ¼ k;

h0 0ð Þ ¼ �a 1þ v 0ð Þð Þeh 0ð Þ= 1þeh 0ð Þð Þ; v0 0ð Þ ¼ �b 1þ v 0ð Þð Þeh 0ð Þ= 1þeh 0ð Þð Þ;

f 0 gð Þ ! 1; h gð Þ ! 0 v gð Þ ! 0 as g ! 1;

ð16Þ
where primes denote differentiation with respect to g. More
definition on the above terms are stated below:

� Pr is the Prandtl number, Pr ¼ qCpð Þf
kf

� Sc is the Schmidt number, Sc ¼ mf
D

� Rd is the radiation parameter, Rd ¼ 4r�T 31
qCpð Þkf k�

� a is the chemical reaction rate, a ¼ Qk0Ea1e�E=RT

kcRT 21

mf l
ue

� �1=2
� b is the temperature parameter, b ¼ k0e�E=RT

D
mf l
ue

� �1=2
However, in order that Eqs. (2) to (5) have similarity solu-

tions, as referred to Merkin and Pop [48], a and b have the

form of

a ¼ Qk0Ea1e�E=RT

kcRT
2
1

mfl
ue

� ��1=2

; b ¼ k0e
�E=RT

D

mfl
ue

� ��1=2

: ð17Þ



Fig. 2 Flow chart illustrating the mathematical solutions.

Table 1 Hybrid nanofluid characteristics (Takabi and Salehi [49]).

Characteristics Alumina-Copper/Water (Al2O3–Cu/H2O)

Dynamic viscosity, lhnf lhnf=lf ¼ 1� /hnf

� ��2:5

Heat capacity, qCp

� �
hnf

qCp

� �
hnf

� 1� /hnf

� �
qCp

� �
f
¼ /1 qCp

� �
Al2O3

þ /2 qCp

� �
Cu

Density, qhnf qhnf ¼ 1� /hnf

� �
qf þ /1qAl2O3

þ /2qCu

Thermal conductivity, khnf
khnf
kf

¼
/1kAl2O3

þ/2kCu
/hnf

� �
þ2kfþ2 /1kAl2O3

þ/2kCuð Þ�2/hnfkf

/1kAl2O3
þ/2kCu

/hnf

� �
þ2kf� /1kAl2O3

þ/2kCuð Þþ/hnfkf

2
4

3
5

Electrical conductivity, rhnf
rhnf
rf

¼
/1rAl2O3

þ/2rCu
/hnf

� �
þ2rfþ2 /1rAl2O3

þ/2rCuð Þ�2/hnfrf

/1rAl2O3
þ/2rCu

/hnf

� �
þ2rf� /1rAl2O3

þ/2rCuð Þþ/hnfrf

2
4

3
5

Table 2 The nanoparticles and base fluid properties (Oztop

and Abu-Nada [50]).

Characteristics Cp ðJ=kgKÞ k ðW=mKÞ q ðkg=m3Þ
Cu 385 400 8933

Al2O3 765 40 3970

H2O 4179 21 0.613
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The coefficient of skin friction Cf; the local Nusselt number

Nux; including Shx which remarks the local Sherwood number,
are the physical quantities that are of interest in this work,
which is specified as

Cf ¼
lhnf

qfu
2
e

@u

@y

� �
y¼0

;

Nux ¼ xkhnf

kf T� T1ð Þ
@T

@y

� �
y¼0

þ x qrð Þy¼0;

Shx ¼ �x
@a

@y

� �
y¼0

: ð18Þ

Using (11), (12) and (18), we get

Re1=2x Cf ¼
lhnf

lf

f00 0ð Þ; Re�1=2
x Shx ¼ �v0 0ð Þ:

Re�1=2
x Nux ¼ � khnf

kf
þ 4

3
Rd

� �
h0 0ð Þ;whereRex ¼ ue xð Þx=mf

ð19Þ
Fig. 3 f00 0ð Þ with various values of /.
3. Numerical findings

The results from the bvp4c (MATLAB) solver’s computation
of Eqs. (13)-(16) for suggested similarity solutions above are

documented in this section. The analysis of the flow has been
done on both scenarios of stretching k > 0ð Þ and shrinking
k < 0ð Þ cases. Also, it was decided to use relative tolerance

of 10�6. The bvp4c tool necessitates a preliminary assumption

for Eqs (13)-(15) because the current problem may have mul-
tiple solutions. The assumption must preserve the behaviour
of the solution and fulfill the boundary requirements in (16).

Determining an initial guess for the first solution is not difficult



Fig. 4 �h0 0ð Þ with various values of /.

Fig. 5 �v0 0ð Þ with various values of/.

Fig. 6 �f0 gð Þ with various values of /.

Fig. 7 h gð Þ with various values of /.

Fig. 8 v gð Þ with various values of /.

Fig. 9 �h0 0ð Þ with various values of a.
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Fig. 10 h gð Þ with various values of a.

Fig. 11 �h0 0ð Þ with various values of b.

Fig. 12 h gð Þ with various values of b.

Fig. 13 �h0 0ð Þ with various values of Rd.

Table 3 Model validation when

/1 ¼ /2 ¼ a ¼ b ¼ e ¼ Sc ¼ Rd ¼ 0;Pr ¼ 6:2 and various k.

k f00 0ð Þ
Wang [30] Bachok et al. [53] Current findings

2 –1.887310 1.887307 –1.887307

1 0.000000 0.000000 0.000000

0.5 0.713300 0.713295 0.713295

0 1.232588 1.232588 1.232588

–0.5 1.495670 1.495670 1.495670

–1 1.328820 1.328817 1.328817

–1.15 1.082230 1.082231 1.082231

–1.2 – 0.932473 0.932473

–1.2465 0.554300 0.584281 0.584281
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because the bvp4c method will converge to the first solution
even for poor guesses. The bvp4c technique will converge to

the first solution even for bad guesses, therefore choosing a
preliminary initial guess is straightforward for the first solu-
tion. Finding a second solution that is a sufficiently good guess

is, however, fairly challenging. Hence, we applied the continu-
ation strategy in this instance as pointed out by Shampine et al.
[52]. The flow chart shown in Fig. 2 summarizes the solving
method employed in this study.

In Figs. 3-13, the explanations of the generated flow and
thermal behaviour of the problem are addressed and illus-
trated. By comparing the present study to prior reports, the

validity of the study is verified. Table 3 displays the outcomes
of model comparison for viscous fluid between the present
results with Wang [30] and Bachok et al. [53]. In the meantime,

Table 4 shows the validation results for Cu-H2O nanofluids,
while Table 5 indicates the results justification for Al2O3-
H2O nanofluids. It should be noticed that the results and find-

ings exhibit good consistency as seen in Tables 3, 4, and 5,
hence approving the mathematical formulation employed in
this study. The current study emphasizes the existence of dual
solutions in Figs. 3-13, due to the boundary condition’s fulfil-



Table 4 Model validation when /1 ¼ a ¼ b ¼ e ¼ Sc ¼ Rd ¼ 0;Pr ¼ 6:2 and various k for f00 0ð Þ.
k /2 ¼ 0:1 /2 ¼ 0:2

Bachok et al. [53] Current findings Bachok et al. [53] Current findings

2 –2.217106 –2.221631 –2.298822 –2.305321

1 0.000000 0.000000 0.000000 0.000000

0.5 0.837940 0.839650 0.868824 0.871281

0 1.447977 1.450932 1.501346 1.505590

–0.5 1.757032 1.760618 1.821791 1.826942

–1 1.561022 1.564208 1.618557 1.623133

–1.15 1.271347 1.273941 1.318205 1.321932

–1.2 1.095419 1.097655 1.135794 1.139004

–1.2465 0.686379 0.687783 0.711679 0.713692

Table 5 Model validation when a ¼ b ¼ e ¼ Sc ¼ Rd ¼ 0;Pr ¼ 6:2 and various k for Re1=2x Cf.

k /1 Yacob et al. [54] Bachok et al. [53] Current findings

–0.5 0.1 – 1.944000 1.946438

0.2 – 2.497600 2.502748

0 0.1 1.601900 1.601900 1.604068

0.2 2.058400 2.058400 2.062525

0.5 0.1 – 0.927100 0.928269

0.2 – 1.191200 1.193577
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ment in (16) as the parameters used are within the range of

0:5 6 a 6 1:0 (heat of reaction parameter), 0:5 6 b 6 1:0 (re-
action rate parameter), 1:0 6 Rd 6 5:0 (thermal radiation
parameter), e ¼ 0:5 (activation energy), and Pr ¼ 6:2 (Prandtl

number for the water-based fluid). Meanwhile, the volumetric
concentration of Al2O3-Cu/H2O hybrid nanofluids is in the
range of 0:00 6 /1;/2 6 0:01, or otherwise specified in the pre-
sented results.

The characteristics of the skin friction coefficient f00 0ð Þ, heat
transfer rate �h0 0ð Þ, and mass transfer rate �v0 0ð Þ behaviour
to the nanoparticle volume concentration parameter can be
observed in Figs. 3-5. The increment trend of the physical

quantity f00 0ð Þ is noticeable in the first solution of the shrinking
sheet when the working fluid is shifted from viscous fluid

/1;2 ¼ 0:0
� �

to Cu-H2O nanofluids /1 ¼ 0:0; /2 ¼ 0:1ð Þ and

Al2O3-Cu/H2O hybrid nanofluids /1;2 ¼ 0:1
� �

, as displayed

in Fig. 3. This is because an increase in the volume fraction
of nanoparticles causes the fluid’s viscosity to rise. Meanwhile,
a reduction pattern is observed in the first solution when the
volume of nanoparticle concentration improved as the sheet

is stretched. Fig. 4 demonstrates that as the volume concentra-

tion rises, the rate of heat transfer �h0 0ð Þ increases. This best
summarized that hybrid nanofluids exhibit excellent heat
transfer performance, followed by nanofluid and viscous fluid.
On the other hand, the behaviour of �v0 0ð Þ which represents
the rate of mass transfer at the surface declines when /1;2

improves as portrayed in Fig. 5. This might occur because
the mass transfer of the working fluids is accelerated by the

volume concentration of nanoparticles, which lowers the rate
of mass transfer at the surface.
The respective velocity, temperature distribution, and con-

centration profiles with the impact of /1;2 parameter are pre-

sented in Figs. 6-8. All the solutions asymptotically fulfilled
the far field boundary conditions up to boundary layer thick-

ness g1 ¼ 12; which affirms the results’ validness, when the
sheet is shrinking at k ¼ �1:2: Fig. 6 exhibits the increment

of velocity profile f0 gð Þ in both solutions as the /1;2 increased.

The same behaviour is observed in the concentration profile
v gð Þ, as presented in Fig. 8. However, a reversal outcomes is

presented in Fig. 7, where the temperature profile h gð Þ shows
a downward trend with the escalation of the volume concen-
tration of nanoparticles in the working fluid. This result is con-
sistent with the behaviour of the heat transfer rate in Fig. 4,

which was previously explained. It should be noticed that
when the heat transfer rate rises, the temperature distribution
falls. Based on the results generated in Figs. 3-8, the authors

are clear that the percentage of nanoparticle concentration
used for this specific computation is high. However, it is simply
done to monitor how these three different working fluids

respond. The nanoparticle concentration is then set to a total
of 2% for the remaining of the investigation.

Additionally, Figs. 9 and 10 are supplied to provide insight

into the effects of the heat of reaction a in hybrid nanofluids on
the heat transfer rates and temperature profiles, respectively.

The increment of �h0 0ð Þ is observed as a increases (see

Fig. 9), and also inclines the behaviour of h gð Þ as in Fig. 10.
This may be the result of Arrhenius kinetics working in con-
junction with the radiation parameter, which causes internal

heat conduction in the fluid and increases fluid velocity, raising
the temperature profiles of the boundary layer over the shrink-
ing surface. The impacts of the reaction rate parameter on the
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rates of heat transfer and temperature profiles in hybrid
nanofluids are depicted in Figs. 11 and 12, correspondingly.

The downward trend of �h0 0ð Þ is seen in Fig. 11 when b incli-
nes and the temperature profile exhibits the same characteris-
tic. Based on this results, it is clearly proven that higher

value the reaction rate parameter b > 0:5ð Þ may weaken the
thermal performance of the particular problem. Thus, an
appropriate values of b is encourage to ensure the efficiency

of certain problem.

The influence of the thermal radiation impact Rd on �h0 0ð Þ,
which rises as Rd intensifies, is seen in Fig. 13. The thermal

radiation parameter is practically improved the heat transfer
rate by increasing Rd, which also aids in transferring more heat
into the fluid. This finding is significant because it shows that

higher values of thermal radiation can enhance heat transfer
efficiency. More heat will be produced and transferred into
the flow as a result of the thermal radiation effect, increasing
thermal performance. However, while it is recommended to

employ the thermal radiation parameter with an acceptable
value to prevent turbulent flow, it is noted that lowering this
control parameter also helps to slow down the process of

boundary layer separation. As a final remark, authors believe
that in order to meet the demand for energy in the future, it is
necessary to develop new adaptive nanofluids. However, com-

patibility issues provide a barrier to the development of the
innovative hybrid nanofluids. Finding and creating a compat-
ible hybrid nanocomposite is difficult because hybrid

nanocomposites typically contain more than two different
types of nanoparticles.

4. Conclusions

The present work highlights the effect of thermal radiation and
Arrhenius kinetics in the case of hybrid nanofluid in the stag-
nation point flow. The Al2O3-Cu hybrid nanoparticles and

H2O as the based fluid are considered in the entire study.
The formulated ordinary differential equation and specified
boundary conditions generated from the similarity solutions

are solved by employing the bvp4c solver in MATLAB soft-
ware. The influences of some related govern parameters are
pointed out. Our findings show that the hybrid nanofluid flow

behaviour significantly enhances the system’s ability to transfer
heat, in comparison to viscous flow and nanofluid flow for this
particular problem. Also, it is acknowledged that incorporat-

ing the nanoparticle volume concentration improves the heat
transfer rate in this study. The flow and thermal progress of
hybrid nanofluid are influenced by the heat of reaction and
thermal radiation factors in the stagnation region. These two

variables may assist in boosting the heat transfer rate of the
current study. Meanwhile, the reaction rate parameter lowers
the thermal efficiency of the hybrid nanofluid as the sheet

stretches or shrinks. However, an appropriate value of this
parameter may be adjusted to achieve the intended results.
In overall results, dual solutions are obtained within the speci-

fic intervals of the physical parameters.
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