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A B S T R A C T

The present study is designed to model the combustible materials of two vertical plates with Arrhenius energy
and exothermic chemical reaction. The magnetohydrodynamics fluid is considered to experience an exothermic
chemical reaction inside the channel. Additional effects incorporated to the novelty of the model are the
rheological Casson fluid term and the variable electrical conductivity. The model has transformed appropriately
to its dimensionless form using similarity renovation and the Solution is numerically obtained using the
Chebyshev collocation scheme. The influences of controlling parameters on the fluid velocity, temperature,
concentration, and heat transfer rate are analyzed using graph and quantitatively discussed. Analyses reveal
that the activation energy declines the fluid velocity, while the existence of the variable electrical conductivity
parameter has the opposite effect. The heat transfer rate is enhanced with higher values of concentration
buoyancy (Gc) and variable electrical conductivity parameter. Moreover, the non-Newtonian Casson fluid
parameter shows a solid characteristic when yield stress is more than the shear stress. Thermal and chemical
engineering, as well as service-worthiness of industrial products, will benefit from the findings of this study.
. Introduction

Chemical reaction modifies the composition quantity of chemical
omponents. When the chemical relationship between atoms is dis-
upted, only the internal structure is transferred. The chemical reaction
s among the most important factors that influence the reaction rate.
he chemical reaction plays an important role in enhancing traditional
luid heat transfer. In the manufacturing industry, major engineering
ctivities such as drying, temperature, and moisture distribution can
e carried out using heat and mass transfer due to chemical reactions.1
or most chemical reaction cases, the response rate is influenced by
he reactant concentration. A chemical reaction occurs when the rate
f reaction is directly proportional to the concentration of the reactant.
here are two kinds of chemical reactions: exothermic and endother-
ic. An exothermic reaction is described as a heat-releasing reaction

hat has a significant negative enthalpy modification (see Fig. 1).2
owever, many chemical reactions produce heat, light, or sound as a
yproduct. This is an example of an exothermic reaction. Exothermic
eactions release energy in the form of heat into the surrounding

∗ Corresponding author.
E-mail address: adebowale.obalalu17@kwasu.edu.ng (A.M. Obalalu).

environment. Endothermic is called chemical reactions which absorb
(or use) energy. However, the thermite reaction, iron rusting, burning
sugar–water freezing, and combustion process are examples exother-
mic. More energy is absorbed by endothermic reactions when reactant
links are broken as they are released when new bonds form in the
products (see Fig. 1).

However, when the heat produced exceeds, the heat lost to the
atmosphere, and the exothermic fuel reaction might result in a com-
bustible reaction. To ensure the safety of life and property, thermal
stability and thermal effect appear to be essential. In a reactive system,
the activation energy is essential energy needed for chemical species
atoms or molecules to start a reaction. This model includes the active
energy that most researchers have not considered in earlier studies.3–6

A numerical study of Chemical reactions on non-Newtonian on squeeze
flow with slip condition was studied by Ref. 7. The effect of Arrhenius
energy on the hydromagnetic fluid of two-dimensional electrically
conducting with a porous material was the numerical study by Ref. 8.
The 2D stratified flow of an Oldroyd-B fluid with chemical reaction: an
application of non-Fourier heat flux theory was study by Ref. 9
ttps://doi.org/10.1016/j.padiff.2021.100184
eceived 16 August 2021; Received in revised form 2 October 2021; Accepted 22 O

666-8181/© 2021 The Authors. Published by Elsevier B.V. This is an open access
http://creativecommons.org/licenses/by-nc-nd/4.0/).
ctober 2021

article under the CC BY-NC-ND license

https://doi.org/10.1016/j.padiff.2021.100184
http://www.elsevier.com/locate/padiff
http://www.elsevier.com/locate/padiff
http://crossmark.crossref.org/dialog/?doi=10.1016/j.padiff.2021.100184&domain=pdf
mailto:adebowale.obalalu17@kwasu.edu.ng
https://doi.org/10.1016/j.padiff.2021.100184
http://creativecommons.org/licenses/by-nc-nd/4.0/


A.M. Obalalu, O.A. Ajala, A.T. Adeosun et al. Partial Differential Equations in Applied Mathematics 4 (2021) 100184

C
b
t
S
p
p
C
H
a
o
O
N
c
n
r

d
g

H
o
i
r
a
p
f
t
c
c
i
c
k
v
t

Fig. 1. Chemical reactions with exothermic and endothermic.

In recent years, technological innovation has considerably con-
tributed to the growing demand for non-Newtonian fluids. These fluids
have various rheological features, which makes them more relevant to
chemical, biomedical sciences chemical engineering, pharmaceutical,
and then the Newtonian fluids. The relationship between the local
strain rate and the viscous stresses is caused by Newtonian liquid
dynamics. This implies that the connection between viscous stresses
caused by flow is not time-dependent and linear. However, the non-
Newtonian fluids are drugs, blood, toothpaste, ketchup, cosmetics,
food, soap. Moreover, there are three types of non-Newtonian liquids
such as time-independent, viscoelastic, and time-dependent. Also, the
viscosity of non-Newtonian fluids depends on the temperature, time,
and shear rate. Therefore, the Non-Newtonian fluids, which depend
on time, are fluids in which stress only influences the shear rate at
a specific moment. In addition, among these non-Newtonian fluids
fluid models. The Casson fluid (CF) is one of the most widely utilized
viscoelastic non-Newtonian materials. In various fields, including sci-
entific, engineering, and food processing, CF has gained considerable
interest. Examples of common CF-properties are Jelly, Oil, Paint, and
honey.1 However, at low shear stress, the non-Newtonian CF acts as
a solid elastic; But it acts like a Newtonian CF at critical stress The
pioneering work regarding the CF model was the work of Casson
which defines the pigment–oil suspension prediction flow. Casson’s
work10 laid the groundwork for non-Newtonian fluid flow investiga-
tion. However, the analysis predicted the pigment–oil suspension’s flow
behavior. Physically, the yield shear stress must be greater than the
magnetohydrodynamic shearing property of the non-Newtonian Cf. In
regards to this, the work of Obalalu11 studies the non-Newtonian CF of
hydrodynamic unsteady squeezed flow in presence of variable thermo-
physical properties. Since then various scientists12–18 have studied the

F model’s usefulness, recently, A mathematical model was established
y Gbadeyan et al.19 to analyze the performance of CF and variable
ransport properties on a Casson nanofluid flow. Mukhopadhyay et al.20

tudied the effect of CF with thermal convection to investigate the
erformance of heat and mass transfer in an exponentially stretching
ermeable surface. Obalalu21 exhibited that the utilizing of rheological
F to enhance the behavior of thermodynamics for better cooling.
ari and Harshad14 discussed the Importance of Radiative Casson fluid
nd the chemical reaction of Hydromagnetic flow passing through an
scillating vertical plate. A semi-analytical study has been performed by
balalu22 in examining the rheological Casson fluid on hydrodynamic
atural Convective flow with a porous material. A mathematical and
omputational framework for heat transfer analysis of ferromagnetic
on-Newtonian liquid subjected to heterogeneous and homogeneous
eactions were study by Ref. 23.

Magnetic technologies are becoming more attractive in industries
ue to a variety of applications in biomaterials for wound treatment,24

astrointestinal drugs,25 sterilizing devices,26 and other related fields.
2

owever, magnetic fields are known to be utilized for the regulation
f electrically conducting that can be orchestrated to accomplish the
ntended results in applications. Since the pioneering work27 studies
elated to the magnetohydrodynamics (MHD) is One of the important
reas of development in modern scientific research and engineering
roblems is magnetohydrodynamics which can also be considered as a
luid mechanics subdiscipline dealing with the mutual interactions be-
ween an externally imposed magnetic field and the flows of fluids that
onduct electricity.28 However, the study of magnetic properties and
ompliance of electrically conducting liquids is magnetic hydrodynam-
cs. Some more interesting applications included magnetic levitation
hilling and MHD molten metal is in the field of metallurgy. This
ind of difficulty also occurs during operating in micro-electronic de-
ices and electronic packages. Hartmann and Lazarus1 were the first
o investigate the modern MHD flow in a laboratory. Akbar et al.29

revealed that the utilizing of magnetic field and Convective heating
improved the performance of the heat transfer fluids. While Obalalu
et al.30 scrutinized the magnetic field and heat generation effect on
unsteady vertical hydrodynamic flow through a porous channel with
convective boundary conditions. A numerical study has been performed
by Ref. 31 in investigating the viscous dissipation and higher-order
chemical reactions on magnetic hydrodynamics nanofluid flow. Eegun-
jobi and Makinde32 showed that utilizing the magnetic field as the
fundamental fluid improved viscous MHD channel flow. Furthermore,
Due to its high electrical conductivity, which is a function of the
temperature, and metal, therefore the velocity field and the distribu-
tion of temperature of liquid metals are modified in the presence of
a transverse magnetic field, which changes in inversity in terms of
temperature. Therefore, the application of the electric field is one of
the most successful ways to improve heat transmission. Consequently,
the temperature-dependent electrical conductivity becomes a topic of
investigation the this current studies. However, we are interested in
knowing if temperature-dependent electrical conductivity have a sig-
nificant effect on flow and fluid properties of two vertical plates.The
Simulation of revised nanofluid model in the stagnation region of cross
fluid by expanding–contracting cylinder were investigated by Ref. 33.
The Thermally radiative stagnation point flow of Maxwell nanofluid
due to unsteady convectively heated stretched surface were investi-
gated by Ref. 34. Entropy optimized Darcy–Forchheimer nanofluid (sil-
icon dioxide, molybdenum disulfide) subject to temperature dependent
viscosity were investigated by Ref. 29.

Based on the discussions above, the objective of this current explo-
ration focuses on hydrodynamics non-Newtonian flow of combustible
materials between two vertical plates. The analysis of variable electrical
conductivity is included to explore the flow and heat interaction. This
analysis is inspired by the high demand for diverse industrial work-
ing fluids and previous presentations on the importance of Arrhenius
energy and exothermic chemical reaction to biotechnology, thermal
sciences, chemical engineering, food processing, and others. To the
best of our knowledge, no investigation on the mentioned issues has
so far been reported. The governing equations of the flow are solved
numerically, and the velocity, temperature, heat transfer rate figures
are captured to have requisite information of the flow and heat trans-
fer. The rest of the article is organized as follows. The mathematical
formulation of the problem is presented in the next section. Section 3
deals with the concept of Chebyshev-based collocation method and its
application in solving the present nonlinear boundary value problems.
In Section 4, the obtained numerical results are presented graphically
and discussed. Concluding remarks are given in the last section

2. Mathematical model

The hydromagnetic non-Newtonian reacting fluid and non-linear
convection flow filled with homogeneous porous materials between
two vertical plates is studied in the presence of induced electric field
and imposed magnetic field (see Fig. 2). The 𝑥-axis is parallel to the
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Fig. 2. The physical geometry of the flow.

hannel, and the 𝑦 axis is perpendicular to it. The fluid temperature
𝑤, and concentration 𝐶𝑤 are applied to the channel walls at a constant
emperature. From this assumption. The flow is driven by, temperature,
oncentration gradients, and constant pressure.2

The modified governing equations are
(

1 + 1
𝛽

)

𝜇 𝑑2𝑢
𝑑𝑦2

+ 𝑔𝜌𝛽𝑇0 (𝑇 − 𝑇0) + 𝑔𝜌𝛽𝑇1 (𝑇 − 𝑇0)2

+ 𝑔𝜌𝛽𝐶0
(𝐶 − 𝐶0) + 𝑔𝜌𝛽𝐶1

(𝐶 − 𝐶0)2 − 𝜎𝐵2
0𝑢 −

𝑑𝑃
𝑑𝑥

−
(

1 + 1
𝛽

)

𝜇
𝐾
𝑢 = 0

(2.1)

𝑑2𝑇
𝑑𝑦2

+
𝑄𝐴(𝐶 − 𝐶0)

𝑘𝑇
𝑒𝑥𝑝

(

− 𝐸
𝑅𝑇

)

+
(

1 + 1
𝛽

)

𝜇
𝑘𝑇

(

𝑑𝑢
𝑑𝑦

)2

+
(

1 + 1
𝛽

)

𝜇
𝑘𝑇𝐾

𝑢2 +
𝜎𝐵2

0
𝑘𝑇

𝑢2 = 0 (2.2)

𝑑2𝐶
𝑑𝑦2

−
𝐴(𝐶 − 𝐶0)

𝐷
𝑒𝑥𝑝

(

− 𝐸
𝑅𝑇

)

= 0 (2.3)

Subjected to:

𝑢 = 0, 𝑇 = 𝑇𝑤, 𝐶 = 𝐶𝑤, 𝑎𝑡 𝑦 = −ℎ

𝑢 = 0, 𝑇 = 𝑇𝑤, 𝐶 = 𝐶𝑤, 𝑎𝑡 𝑦 = ℎ

}

(2.4)

In the literature, there are few kinds of electrical conductivity differ-
ences. We choose the one that is absolute for liquid, which is as follows:

1
𝜎

= 1
𝜎′

[

(1 + 𝜀′(T − T∞))
]

(2.5)

Where 𝜎 is the surface temperature electrical conductivity and 𝜀′ is a
onstant dependent on the fluid’s electrical conductivity. We present
he non-dimensional variation parameter of electrical conductivity

= 𝜀′
(

Tw − T∞
)

(2.6)

Substituting (2.6) and (2.7) into (2.5) yields:

𝜎′ = 𝜎1
1 + 𝜀𝜃

(2.7)

We introduce the following non-dimensional quantities:

𝐺𝑟 =
𝜌𝛽𝑇0𝑔ℎ

2𝑅𝑇 2
0 , 𝑦 =

𝑦
, 𝜙 =

𝐶 − 𝐶0 , 𝑢 = 𝑢 ,𝑀 =
ℎ2𝑑𝑝

, (2.8)

𝜇𝑈𝑀𝐸 ℎ 𝐶𝑤 − 𝐶0 𝑈𝑀 𝜇𝑈𝑑𝑥

3

𝜎1 =
𝛽𝑇1𝑅𝑇

2
0

𝛽𝑇0𝐸
, 𝜆 =

𝑄𝐸𝐴ℎ2(𝐶𝑤 − 𝐶0)
𝑅𝑇 2

0 𝑘𝑇
𝑒𝑥𝑝

(

− 𝐸
𝑅𝑇0

)

, 𝜖 =
𝑅𝑇0
𝐸

𝜎2 =
𝛽𝐶1

(𝐶𝑤 − 𝐶0)
𝛽𝐶0

𝐸
, 𝜃𝑤 =

𝐸(𝑇𝑤 − 𝑇0)
𝑅𝑇 2

0

,

𝐾𝑟 =
𝑘𝑇𝑅𝑇 2

0
𝑄𝐸𝐷(𝐶𝑤 − 𝐶0)

, 𝛿 =
𝑈2𝜇𝑀2

𝑄𝐴ℎ2(𝐶𝑤 − 𝐶0)
𝑒𝑥𝑝

(

− 𝐸
𝑅𝑇0

)

,

𝛽 =
√

1
𝐷𝑎

,𝐷𝑎 = 𝐾
ℎ2

,H𝑎2 =
𝜎𝐵2

0ℎ
2

𝜇
,𝐺𝑐 =

𝜌𝑔ℎ2𝛽𝐶0
(𝐶𝑤 − 𝐶0)

𝜇𝑈𝑀
,

𝜃 =
𝐸(𝑇 − 𝑇0)

𝑅𝑇 2
0

where 𝜎1 and 𝜎2 is nonlinear thermal and concentration convection
parameter, P permeability of the porous medium, 𝐺𝑟 thermal buoy-
ancy parameter, Ha Hartmann number, 𝐷 — reactant diffusivity, 𝜆
rank–Kamenetski parameter, 𝛽𝑇0 linear volumetric, 𝐶𝑤 reactant con-
entration wall, 𝑇𝑤 wall temperature, 𝛿 viscous heating parameter,
r reactant concentration consumption rate parameter, 𝑇 — absolute

temperature, 𝐶 reactant concentration, 𝜇 — fluid dynamic viscosity,
𝜃𝑤 wall temperature parameter, 𝛽 porous medium parameter, 𝐾𝑟 wall
temperature parameter, 𝜎 electrical conductivity, 𝜖 activation energy
parameter, c Casson parameter. 𝑢 — axial velocity, 𝜀 variable electrical
conductivity parameter. Using Eqs. (2.7) and (2.8), Eqs. (2.1) and (2.4)
reduces to:

1 +
(

1 + 1
𝛽

)

𝑑2𝑢
𝑑𝑦2

+ 𝐺𝑟
(

𝜃 + 𝜎1𝜃
2) + 𝐺𝑐

(

𝜙 + 𝜎2𝜙
2)

−
(

1 + 1
𝛽

)

𝛽2𝑢 − H𝑎2
(1 + 𝜀𝜃)

𝑢 = 0 (2.9)

𝑑2𝜃
𝑑𝑦2

+ 𝜆

[

𝜙 𝑒𝑥𝑝
( 𝜃
1 + 𝜖𝜃

)

+ 𝛿

(

(

1 + 1
𝛽

)(

𝑑𝑢
𝑑𝑦

)2

+
(

1 + 1
𝛽

)

𝛽2𝑢2 + H𝑎2
(1 + 𝜀𝜃)

𝑢2
)]

= 0 (2.10)

𝑑2𝜙
𝑑𝑦2

−𝐾𝑟 𝜆 𝜙 𝑒𝑥𝑝
( 𝜃
1 + 𝜖𝜃

)

= 0 (2.11)

𝑢 = 0, 𝜃 = 𝜃𝑤, 𝜙 = 1, 𝑎𝑡 𝑦 = −1

𝑢 = 0, 𝜃 = 𝜃𝑤, 𝜙 = 1, 𝑎𝑡 𝑦 = 1

}

(2.12)

he term, 𝑒𝑥𝑝
(

𝜃
1+𝜖𝜃

)

, in Eqs. (2.10) and (2.11) is approximated as

𝑒𝑥𝑝
( 𝜃
1 + 𝜖𝜃

)

≈ 1 + 𝜃 + 𝜃3
(

𝜖2 − 𝜖 + 1
6

)

+ 𝜃2
( 1
2
− 𝜖

)

(2.13)

herefore, Eqs. (2.10) and (2.11) become

𝑑2𝜃
𝑑𝑦2

+ 𝜆

[

𝜙
(

1 + 𝜃 + 𝜃3
(

𝜖2 − 𝜖 + 1
6

)

+ 𝜃2
( 1
2
− 𝜖

))

(2.14)

+ 𝛿

(

(

1 + 1
𝛽

)(

𝑑𝑢
𝑑𝑦

)2
+
(

1 + 1
𝛽

)

𝛽2𝑢2 + H𝑎2
(1 + 𝜀𝜃)

𝑢2
)]

= 0

𝑑2𝜙
𝑑𝑦2

−𝐾𝑟𝜆𝜙
(

1 + 𝜃 + 𝜃2
( 1
2
− 𝜖

)

+ 𝜃3
(

𝜖2 − 𝜖 + 1
6

))

= 0 (2.15)

The rate of heat transfer across the reactive surface wall is given by

− 𝑑
𝑑𝑦

𝜃(1) = 𝑁𝑢. (2.16)

3. Numerical solution

3.1. A summary of the Chebyshev collocation scheme (CCS)

The solution of the equations systems in closed form of Eqs. (2.9)–
(2.11) turns out to be a difficult task in terms of non-linearity. Conse-
quently, because of their vast capacity for managing linear and non-
linear equations systems, a numerical methodology of the Chebyshev-
based collocation method was developed. The method is based on the
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0

expansion with the effectiveness of the Chebyshev polynomial. At first,
we consider a trial solution that depends on the unknown coefficient
to the Chebyshev base function, also by applying the trial solution on
the boundary condition, then the use of a collocation approach as the
control system to generate the residual error is minimize closed to zero.

3.2. Application of CCS

We assume 𝑢(y), 𝜃(y) and 𝜙(y) as Chebyshev base trial functions,
defined by

𝑢 (y) =
𝑅
∑

k=0
aiTi (2y − 1) , 𝜃 (𝜂) =

𝑅
∑

k=0
biTi (2y − 1) and𝜙 (𝜂) =

𝑅
∑

k=0
ciTi (2y − 1)

(3.17)

The constants to be obtained are ai, bi and ci, and Ti (2y − 1) is the
shifted Chebyshev function. Also substituting Eq. (3.17) into the gov-
erning equation (2.9) (2.10) and (2.11) produce

𝐷𝜃 = 𝜃𝑦,2 + 𝜆
[

𝜙
(

1 + 𝜃 + 𝜃3𝑦
(

𝜖2 − 𝜖 + 1
6

)

+ 𝜃2𝑦
( 1
2
− 𝜖

))

(3.18)

+ 𝛿
((

1 + 1
𝛽

)

𝜃2𝑦 +
(

1 + 1
𝛽

)

𝛽2𝑢2 + H𝑎2
(1 + 𝜀𝜃)

𝑢2
)]

= 0

𝐷𝜙 = 𝜙2
𝑦 −𝐾𝑟𝜆𝜙

(

1 + 𝜃 + 𝜃2𝑦
( 1
2
− 𝜖

)

+ 𝜃3𝑦
(

𝜖2 − 𝜖 + 1
6

))

= 0 (3.19)

With boundary conditions

[𝑢 = 0, 𝜃 = 𝜃𝑤, 𝜙 = 1, 𝑎𝑡 𝑦 = −1]y=0, (3.20)
[𝑢 = 0, 𝜃 = 𝜃𝑤, 𝜙 = 1, 𝑎𝑡 𝑦 = 1]y=0,

In the same manner, Eq. (3.17) is substituted with Eqs. (2.9) (2.10) and
(2.11) to produce residues 𝑅𝑢(𝜂, 𝑎𝑖), 𝑅𝜃(𝜂, 𝑎𝑖, 𝑏𝑖) and 𝑅𝜙(𝑎𝑖, 𝑑𝑙 , 𝜂). As a
result, the residues are reduced using the collocation method, as shown
below.

∫

1

−1
𝑅𝑢𝛿

(

𝑦 − 𝑦𝑗
)

𝑑𝑦 = 𝑅𝑢
(

𝜂𝑗 , 𝑎𝑖, 𝑏𝑖, 𝑐𝑖
)

= 0, 𝑓𝑜𝑟 𝑗 = 1, 2,… , 𝑁 − 1

(3.21)

∫

1

−1
𝑅𝜃𝛿

(

𝑦 − 𝑦𝑗
)

𝑑𝑦 = 𝑅𝜃
(

𝜂𝑗 , 𝑎𝑖, 𝑏𝑖, 𝑐𝑖
)

= 0, 𝑓𝑜𝑟 𝑗 = 1, 2,… , 𝑁 − 1

(3.22)

∫

1

−1
𝑅𝜙𝛿

(

𝑦 − 𝑦𝑗
)

𝑑𝑦 = 𝑅𝜙
(

𝜂𝑗 , 𝑎𝑖, 𝑏𝑖, 𝑐𝑖
)

= 0, 𝑓𝑜𝑟 𝑗 = 1, 2,… , 𝑁 − 3

(3.23)

where 𝜂𝑗 =
1
2

(

1 − 𝑐𝑜𝑠
(

𝑗𝜋
𝑁

))

. Eqs. (3.21)–(3.23) is therefore producing
an algebraic equation system of 2N + 2 with unknown coefficients
(𝑎𝑖, 𝑏𝑖, 𝑐𝑖). By using Mathematical Symbolic Package MATHEMATICA
11.3, the equations are solved by the Newton technique to obtain
constant coeffective values. Table 1 shows the convergence of CCS for
various approximation order.

4. Validation, computational results, and discussion

This segment is designed to address the behavior of the fluid pa-
rameters on the fluid velocity, temperature, concentration profile, and
heat transfer rate through plots and table for magnetohydrodynam-
ics reactive fluid. Unless otherwise mentioned, the following default
parametric values are used in this analysis: 𝜖 = 0.5, 𝛽 = 1, 𝜎2 =
1, 𝐺𝑐 = 1, 𝐾𝑟 = 0.1 Ha = 1, c = 0.1, 𝐺𝑟 = 1, 𝜆 = 0.5, 𝜎1 = 1, 𝛿 =
0.3, and 𝜃𝑤 = 0.1, and Unless otherwise indicated as default parameters.
The values of velocity, temperature, concentration for the problem were
compared with previously published results to ascertain the accuracy of
the current method. However, our result agrees with the previous work
(see Table 2). The inference of reaction rate parameter (𝜆) is observed
4

Table 1
CCS solutions in various approximation orders of Convergence when
𝜖 = 0.5, 𝛽 = 1, 𝜎2 = 1, 𝐺𝑐 = 1, 𝐾𝑟 = 0.1 Ha = 1, 𝑐 = 0.1, 𝐺𝑟 = 1, 𝜆 = 0.5, 𝜎1 =
1, 𝛿 = 0.3, 𝑐 = 0.2, 𝜀 = 1 𝑎𝑛𝑑 𝜃𝑤 = 0.1.
Number of iteration u 𝜃 𝜙
(N)

4 3.054620 0.233124 0.358571
6 3.004633 0.180744 0.297306
8 3.002122 0.98752 0.06982
10 3.001933 0.987525 0.06982
12 3.001933 0.98752 0.06982
14 3.001933 0.180557 0.296766
16 3.001933 0.180557 0.296766
20 3.001933 0.180557 0.296766
24 3.001933 0.180557 0.296766
30 3.001933 0.180557 0.296766

Table 2
Comparison of velocity, temperature, concentration for different values of y when:
𝜖 = 0.5, 𝛽 = 1, 𝜎2 = 1, 𝐺𝑐 = 1, 𝐾𝑟 = 0.1 Ha = 1, 𝑐 = 0.1, 𝐺𝑟 = 1, 𝜆 = 0.5, 𝜎1 = 1, 𝛿 =
.3, 𝑐 = ∞, 𝜀 = 0 𝑎𝑛𝑑 𝜃𝑤 = 0.1.
𝑦 u 𝜃 𝜙

CCM 0HAM8 CCM 0HAM8 CCM 0HAM8

−1.00 0.000000 0.000000 0.100000 0.100000 1.000000 1.000000
−0.75 0.477790 0.477790 0.129493 0.129493 0.997476 0.997476
−0.50 0.795743 0.795743 0.150111 0.150111 0.995661 0.995661
−0.25 0.977544 0.977544 0.162382 0.162382 0.994566 0.994566
0.00 1.036685 1.036685 0.166463 0.166463 0.994200 0.994200
0.25 0.977544 0.977544 0.162382 0.162382 0.994566 0.994566
0.50 0.795743 0.795743 0.150111 0.150111 0.995661 0.995661
0.75 0.477790 0.477790 0.129493 0.129493 0.997476 0.997476
1.00 0.000000 0.000000 0.100000 0.100000 1.000000 1.000000

Fig. 3. Display the Temperature’s blow-up for large values of reaction rate parameter
𝜆.

in Temperature’s blow-up (see Fig. 3). The graphic shows that the high
values of 𝜆 parameter cause a thermal explosion (see Fig. 3).

The effect of Casson Fluid (CF) parameter (c) on velocity profile is
demonstrated in Fig. 4(a). It was observed in this figure that the fluid
flow increases with the mounting CF parameter. Physically, The Casson
rheological behaves like a fluid due to its plastic dynamic viscosity,
which has a strong effect on yield stress.16 It also found that the
Casson rheological increase the reaction of the non-Newtonian fluid.
This means that the pure fluid acts in the same way as Newtonian fluid.
On contrary, the CF parameter decreases the fluid temperature. The
effect of Hartmann number (Ha) on velocity and temperature profile is
elaborated in Fig. 4 (b, and c). The figure also found that an increment
in the Hartmann number (Ha) reduced the velocity flow. Physically,
A magnetic field is occurred in an electrically conducting fluid and
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Fig. 4. Impact of Casson Fluid (CF) parameter (c), Hartmann number (Ha), and variable electrical conductivity (𝜀) on u(y), 𝜃(y) and 𝜙(y).
Fig. 5. Effect of activation energy (𝜖) and viscous heating parameter (𝛿) on 𝑢(𝑦), 𝜃(𝑦) 𝑎𝑛𝑑 𝜙(𝑦).
t
e
t
a
t
t
(
T
J
e
s

dds a retarding body force that transversally reacts in the path of
he applied magnetics force. With the applied magnetics force, the
agnetohydrodynamic drag force slows down the motion of the fluid.
his outcome has an important impact on numerous industrial appli-
ations, for solidification procedures like casting and semiconductor
pplications for single crystal growth. These claims provide significant
mplications on quality control for the product when the liquids have
olidification, the liquid flow, and turbulence exist in the solidifying
luid pool. In solidifying systems, the technique of magnetic fields has
een used well to monitor melt convection. The mounting parameter
f the magnetic field has a contrary impact on temperatures profile
The Lorentz heating servers a resistive nature to the system fluid flow,
owever, the Lorentz heating is used as an extra source of heat within
 t

5

he channel. From Fig. 4(e), it was observed that the effect of variable
lectric conductivity Improves the fluid flow. The explanation is that
he Lorentz force increasing due to the electrical field which serves
s an accelerating force that lowering friction resistance. In addition,
he electrical conductivity acts as an accelerating force that raises
he thermal temperature. The effect of variable electrical conductivity
𝜀) parameter corresponds to the higher temperature in the channel.
he increment of the temperature is characterized by the existence of
oule heating (or Lorentz heating) in the energy equation. Hence The
lectrical conductivity therefore serves as the heat source for the flow
ystem (see Fig. 4(f)).

The effect of the activation energy (𝜖) is observed in velocity,
emperature, and concentration profile is elaborated in Fig. 5 (a, b,
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Fig. 6. Effect of concentration buoyancy (𝐺𝑐) and thermal buoyancy (𝐺𝑟) on 𝑢(𝑦), 𝜃(𝑦) 𝑎𝑛𝑑 𝜙(𝑦).
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). As can be seen in the graph, an increment in activation energy
arameter reduces the fluid flow and thermal profile inside the flow
hannel, whereas the concentration profile improved with an increased
ctivation energy parameter. The explanation is that the exp

(

𝜃
1+𝜖𝜃

)

function in Eqs. (2.9) and (2.10) reduce as the activation energy
increase. Consequently the exp

(

𝜃
1+𝜖𝜃

)

the function indicates the heat
source term; therefore, the activation energy parameter decreases the
fluid flow together with the thermal profile. Also, the concentration
profile increased as the activation energy parameter increases. The
explanation is that the function exp

(

𝜃
1+𝜖𝜃

)

is subtracted from (2.11)
thereby causing the reactant concentration profile to be enhanced.
Fig. 5 (d, e, f) reveals the impact of the viscous heating parameter (𝛿)
on fluid flow, thermal, and concentration profile. An increment in the
𝛿 leads to a reduction in the frictional forces and hence a decrease in
flow resistance. This behavior can be seen in Fig. 5(d). The strength of
the viscous heating sources in energy equations increases as fluid speed
increases, resulting in a higher fluid temperature see (Fig. 5 e). From
Fig. 5(e). The heat generated by viscous heating caused the reactant
concentration to migrate into the wall, resulting in a reduction in the
concentration profile.

Fig. 6(d, e, and f): Exhibit the impact of thermal buoyancy (𝐺𝑟)
n fluid flow, thermal, and concentration profile. These figures clearly
how that the higher values of 𝐺𝑟 enhance the fluid flow and thermal
rofile, while the concentration profile is decreased. The effect of 𝐺𝑟
n the Casson velocity fluid is crucial due to the improvement in
elocity profile, i.e., the stronger the buoyancy force, the higher the
luid motion. This is because the heat source term in the velocity
quation indicates the thermal buoyance term. However, the fluid
peed enhances the viscous heating sources in the temperature equation
6

nd leads to an improvement in thermal profile (see Fig. 6b). In
ddition, the concentration profile is depressed due to an increment in
luid temperature. Therefore, the effect of thermal buoyancy caused an
xothermic chemical reaction to occur and decreases the concentration
f the reactants (see Fig. 6c). Further, the greater values of concen-
ration buoyancy parameter elevate the fluid flow and thermal profile,
hereas the opposite effect is found in the reactant concentration
rofile. This behavior can be seen in Fig. 6(a, b, and c). This is the
utcome of the logical reasoning used to justify in Fig. 6(a, b, and c)

Fig. 7 (a b, and c) shows the impact of reactant concentration
onsumption rate parameter (Kr) on fluid flow, thermal, and concen-
ration profile for. As observed, the exothermic chemical reaction and
nternal heat generated decreased with higher values of Kr. Hence, the
hemical reaction decreases the fluid motion. The variations of Frank–
amenetski (reaction rate parameter, 𝜆) on fluid flow, thermal, and

concentration profile are demonstrated in Fig. 7 Fig. 6(d, e, and f),
we observed that the velocity and fluid temperature reduce with a
Frank–Kamenetski (reaction rate parameter, 𝜆). With higher values of
(reaction rate parameter, 𝜆) substantial improvements in the exother-
mic chemical reaction and significantly increased the thermal profile
together with the Temperature’s blow up (see Fig. 3). Physically, the
exothermic chemical reactions lead to strengthening in the internal heat
generation due to higher values of (reaction rate parameter, 𝜆). Mean-
while, the speeds of exothermic chemical reactions control internal heat
production. In addition, the flow is dragged thereby causes a reduction
in the concentration profile.

From Fig. 8, The heat transfer rate is enhanced with higher values
of concentration buoyancy (Gc) and variable electrical conductivity (𝜀),
also an increment in Hartmann number (Ha), reactant concentration
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Fig. 7. Impact of reactant concentration consumption rate parameter (Kr) and reaction rate parameter, 𝜆, concentration buoyancy (𝐺𝑐) on 𝑢(𝑦), 𝜃(𝑦) 𝑎𝑛𝑑 𝜙(𝑦).
Fig. 8. Inference of Hartmann number (Ha), reactant concentration consumption rate parameter (Kr), concentration buoyancy (𝐺𝑐), and variable electrical conductivity (𝜀).
7
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consumption rate parameter (Kr) indicates a reversal of the trend.
This is related to the previous explanation. As a result, increasing (de-
creasing) fluid temperature supports (opposes) the exothermic chemical
reactions, which in turn increases (decreases) the heat transfer rate.

5. Conclusion

We have described the magnetohydrodynamics reactive analysis on
a steady incompressible flow Featuring Arrhenius energy and exother-
mic chemical reaction on two vertical plates using a numerical scheme.
The key outcomes of the present analysis are highlighted as:

1. The employed method demonstrates an excellent potential in
respect to accuracy and convergence for simulating flow

2. Uplifting the magnitude of the magnetic field term is suitable for
the reduction of the drag force for exothermic chemical reaction

3. The heat transfer rate upsurges for a rise in the values of Hart-
mann number, reactant concentration consumption rate while
it peters out for concentration buoyancy and variable electrical
conductivity.

4. An upsurge in reaction rate parameter, Casson parameter, vis-
cous heating, thermal, and concentration buoyancy parameters,
encourages fluid velocity in the channel.

5. The activation energy parameter, reactive strength,
concentration buoyancy, and viscous heating propels exothermic
chemical reactions of the system.

6. Hartmann number and activation energy parameter, reduce the
fluid temperature.

These results from this investigation will help in promoting quality
hemical and industrial products. It will as well assist in the appropri-
te combination and utilization of non-Newtonian Fluid for chemical
ngineering, thermal sciences, biotechnology, and others. Hence, the
nalysis can be further considered to explore the case of asymmetric
onvective heat exchange.
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