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Abstract. The objective of this effort is to provide a non-similar analysis of the
heat transmission and flow of a Boger fluid past a curved stretched surface with the
influence of a magnetic field. Boger fluids, on the other hand, are a class of viscoelas-
tic fluids whose viscosity does not change significantly with changes in shear rate.
Thanks to this property, they can have significant applications in the oil and gas in-
dustry, wherein they can be used to enhance the performance of drilling. Also, these
fluids find use in constructing damping systems, which increases the safety and struc-
tural integrity of engineering installations. Additionally, exothermic and endothermic
chemical reactions are used to investigate the characteristics of mass transport and
heat. The curved stretchable surface has been subjected to convective conditions for
mass and heat. The boundary layer equations are transformed into a non-similar
form to enhance the precision and comprehensiveness of the analysis of flow, heat,
and mass transport. The resultant non-similar partial differential equations (PDEs)
are numerically solved using the local non-similarity approach by truncating up to
the second level. Numerical data are presented graphically to examine the physical
parameters’ effects on flow, mass, and thermal transfer. It is important to note that
when the solvent fraction parameter rises, the velocity profile rises as well. As the
solutal and thermal Biot numbers climb, so does the temperature and concentration
profile.

Nomenclature

Cp Specific heat R1 Radius of curvature
a Dimensional constant ρ Density
B0 Magnetic field (u, v) Velocity components
ν Kinematic viscosity k Thermal conductivity
(r1, x) Coordinates DB Diffusivity
σ Electrical conductivity M Magnetic parameter
Pr Prandtl number T Temperature
Sc Schmidt number K Boltzmann constant
hs heat transfer coefficient Kr Chemical reaction parameter
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C Concentration K2
r The chemical reaction rate

constant
hm Mass transfer coefficient λ Endothermic/exothermic re-

action variable
E Activation energy parameter p Pressure
δ Temperature ratio ∆ curvature parameter
β2 The ratio of relaxation time Bi2 concentration Biot number
β1 Solvent fraction parameter Bi1 Thermal Biot number
Ea Activation energy β∗ Heat of reaction

1. Introduction

Boger fluids, this type of viscoelastic liquid is almost linearly viscous as it deforms.
Boger fluids do not shear-thin, as many polymeric fluids do, and nearly all of their
viscosity remains constant when put under intense stretching or shear conditions. They
are normally made by mixing a small amount of high-molecular-weight polymer with a
highly viscous Newtonian solvent, e.g., corn syrup or the like, with little or no display
of viscosity change. Due to such a special formulation, in the case of Boger fluids,
the researchers have the opportunity to separate the effects of elasticity and changes in
viscosity that depend on the shear during the experiment. They can easily test the effect
of elasticity on the flow behavior by comparing the flow behavior of their fluids with that
of Newtonian fluids whose viscosities are similar and gain a clearer picture of the non-
Newtonian transport processes. Nagalakshmi and Vijaya [17] examined the motion of
Boger nanoliquid via a Riga plate with Carbon nanotubes. Banakar et al. [4] inspected
the flow of Boger nanofluid via a rotating rough disk. Abbas et al. [1] considered the
nonlinear heat source impact on the stream of Boger liquid over a sheet. Mallikarjuna
et al. [15] considered the motion of Boger fluid due to a slow-spinning disk with particle
deposition effect. Panda et al. [19] elucidated the Boger-micropolar fluid flow through
parallel disks. Habib et al. [8] analyzed the stream of Boger nanoliquid with the impact
of the variable due to the revolution paraboloid.

Applications for flow analysis in the magnetic field (MF) presence are numerous in
industries and engineering fields. A few examples are the design of cooling systems involv-
ing liquid metals, magnetohydrodynamic (MHD) generators, blood flow measurements,
pumps, accelerators, and nuclear reactors. There is a lot of interest in the physiological
mechanisms involved in MHD flow through an artery. Owing to these uses, scientists
and researchers looked into MHD flows that corresponded to various physical properties.
Banakar et al. [5] elucidated the unsteady fluid flow between two parallel active plates
with the MF effect. Gowda et al. [21] scrutinized the impact of an MF on the flow
of a nanofluid through a porous medium. Abbas et al. [2] conducted a study on the
examination of heat transfer in a stretched flow caused by a curved surface, specifically
in the occurrence of an MF. Banakar et al. [6] examined the movement of chemically
reactive fluid past an off-center revolving disk with MF influence. Jagadha et al. [11]
discussed the stream of Casson nanofluid with the MF impact via a revolving stretchy
surface. Preethi et al. [20] elucidated the MHD effect on the motion of nanofluid through
a stretchable surface.

An essential part of improving conventional fluid heat transmission is the chemical re-
action. Thermal and mass transfer resulting from chemical reactions may be used in the
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industrial sector to carry out significant engineering tasks, including drying and moisture
distribution. In the majority of chemical reaction scenarios, the reactant concentration
affects the response rate. When the rate of reaction and reactant concentration are ex-
actly equal, a chemical reaction takes place. Chemical reactions fall into two categories:
exothermic and endothermic. A heat-releasing process with a large negative enthalpy
modification is called an exothermic reaction. Nonetheless, heat, light, or sound are
frequently produced as byproducts of chemical processes. Heat is released into the envi-
ronment as a result of exothermic processes. Chemical processes that absorb or utilize
energy are referred to as endothermic. On the other hand, exothermic processes include
iron rusting, thermite reaction, combustion, and burning sugar–water freezing. When
reactant linkages break, endothermic reactions absorb more energy than is released when
new bonds form in the products. The activation energy (AE) is the necessary energy
required for chemical species, molecules, or atoms to initiate a reaction in a reactive
system. Endothermic and exothermic chemical processes’ effects on the stream of dusty
fluid on a vertical surface were examined by Dey and Chutia [7]. In a convergent/di-
vergent channel, the effect of exothermic-endothermic reactions and thermal energy was
examined by Kouki et al. [13] on the flow of differential-type fluid. Using the Darcy–
Forchheimer permeable space, Ullah [25] analyzed the impact of endothermic/exothermic
reaction with AE. Sajid et al. [23] used the AE and convective boundary constraints to
examine the consequence of exothermic/endothermic chemical processes on the flow of
tri-hybrid nanofluids over the wedge. Sharma et al. [24] concentrated on the higher-order
exothermic/endothermic chemical reaction on MHD flow through a stretching surface.
Mansoor et al. [16] studied the chemical reaction impact on the flow of Williamson fluid
via a non-linear stretching sheet.

The application of heat transfer and boundary layer flow over a stretched sheet in
industry and industrial processes has garnered significant attention in recent times. These
include the following processes: metal extrusion, hot rolling, glass fiber, wire drawing,
metal spinning, continuous stretching of synthetic plastic films and fibers, and polymer
extrusion. A curved jaw, used in basic extending assembly machinery, is an efficient way
to employ liquid flow across a curved surface. Many studies on different fluid streams
across the curved stretching sheets have been conducted recently. Jan et al. [12] used the
non-similar analysis to study the dynamics of the magnetized flow of Reiner–Philippoff-
based nanofluid via a CSS. Hayat et al. [9] considered the convective magnetite-Fe3O4
nanoparticles flow over a CSS. Veerannna et al. [26] inspected the performance of thermal
transfer and flow of a Boger micropolar fluid over a CSS. Naveed et al. [18] scrutinized the
micropolar fluid flow with thermal radiation past a CSS. Yasmin et al. [27] deliberated
the mass and thermal transfer in the micropolar fluid flow due to a CSS. Imtiaz et al.
[10] elucidated the Homogeneous-heterogeneous reaction’s impact on second-grade fluid
flow due to a CSS. Raza et al. [22] scrutinized the flow of Carreau liquid with the impact
of non-linear thermal radiation over CSS.

It has been observed that in previous studies, a lot of emphasis has been placed on
the boundary layer flow caused by CSS. Thus far, there has been no discussion on the
exothermic and endothermic reactions in fluid flow caused by a CSS. In light of the
previous discussion, the goal of this examination is to better comprehend the exothermic
and endothermic reactions in the stream of Boger liquid via a CSS with the impact of MF
and convective boundary conditions. The dimensional governing equations are reduced
to non-dimensional non-similar PDEs with the aid of non-similarity transformations.
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Using the local non-similarity technique yields a solution. To study the effects of diverse
factors on the flow field, graphs are produced.

2. Mathematical formulation

Consider a two-dimensional flow of a Boger fluid caused by a CSS. The applied mag-
netic field’s radial direction, with strength B0, is considered. Fluid moves at a linear
velocity ax along a curved surface with a curvature radius R1, where a is a dimensional
constant. Exothermic and endothermic chemical reactions are used to investigate the
characteristics of mass transport and heat. There are mass and convective heat condi-
tions are considered. Furthermore, it is believed that the hot fluid with a temperature
Tw and concentration Cw, which result in mass and heat transfer coefficients of hm and
hs, respectively, is heating the surface. The curvilinear coordinates (r1, x) are used to
simulate the governing equations

∂

∂r1
[v(r1 +R1)] +R1

∂u

∂x
= 0, (1)

u2

r1 +R1
=

1

ρ

∂P

∂r1
, (2)

uR1
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∂u
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+
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uR1
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(
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∂r21
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KT
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Boundary conditions (BCs):

v = 0, u = ax,−DB
∂C

∂r1
= hm(Cw − C),−k

∂T

∂r1
= hs(Tw − T )

∂u

∂r1
→ 0, u → 0, C → C∞, T → T∞. (6)

Non-similar transformations:

ξ =
x

L
, η = r1

√
a

ν
,
C − C∞

Cw − C∞
= χ(ξ, η),

v = −
√
νa

R1

R1 + r1

(
∂

∂ξ
f(ξ, η)ξ + f(ξ, η)

)
, u = ax

∂

∂η
f(ξ, η),
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T − T∞

Tw − T∞
= θ(ξ, η), p = ρa2x2P (ξ, η). (7)

Using equation (7), equations (1)–(5) are simplified as follows

Pη =
1

η +∆
f2
η , (8)

1 + β1

1 + β2

(
− 1

(η +∆)2
fη +

1

(η +∆)
fηη + fηηη

)
+ (ξfηfξ + ffη)

∆

(η +∆)2
−Mfη +

Gr

ξ
θ − ∆

(η +∆)
(ξfηfηξ + f2

η )

− ∆

(η +∆)
(2P + ξPξ) +

∆

(η +∆)
(ξfηηfξ + ffηη) = 0, (9)

1
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(
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1
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)
+

∆

(η +∆)
(ξθηfξ) + (fθη)

∆

(η +∆)
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(η +∆)
(ξθξfη) + λKr(1 + δθ)n exp

(
−E

(1 + δθ)

)
χ = 0, (10)

1

Sc

(
χηη +

1

(η +∆)
χη

)
− ∆

(η +∆)
(ξfηχξ) +

∆

(η +∆)
(ξχηfξ) (11)

+ (fχη)
∆

(η +∆)
−Kr(1 + δθ)n exp

(
−E

(1 + δθ)

)
χ = 0. (12)

Reduced BCs:
fη = 1, f + ξfξ = 0, θη = Bi1(θ − 1), χη = Bi2(χ− 1).

fη → 0, fηη → 0, θ → 0, χ → 0, (13)

where M =
σB2

0

ρa , Pr = µCp
k ,∆ = R1

√
a
ν , δ = Tw−T∞

T∞
, λ = β∗

Cp
Cw−C∞
Tw−T∞

, Kr =
K2

r

a ,
E = Ea

KT∞
, Bi1 = hs

k

√
ν
a , Bi2 = hm

DB

√
ν
a .

3. Solution Methodology

3.1. Local non-similarity approach. This approach’s primary characteristic is its
ability to produce nonsimilar solutions at any streamwise location without requiring the
resolution of other streamwise sites. For computational simplicity, differential equations
with an ordinary differential equation appearance are converted into localized solutions.
Transformed coordinates ξ and η are chosen before physical coordinates x and r are
swapped out. The η coordinate, which contains r, denotes pseudo-similarity. This func-
tion is constructed so that u is roughly denoted by u ∼ ∂f(ξ,η)

∂η . Furthermore, θ(ξ, η),
a dimensionless temperature profile, is presented. When the transformation is performed
to the conservation equations, the result is a set of differential equations that includes
the standard set of η derivatives along with ∂P

∂ξ ,
∂f
∂ξ ,

∂θ
∂ξ and ∂χ

∂ξ . Numerical techniques
appropriate for handling PDEs must be applied in order to get the ξ derivatives during
the solution phase. Moreover, the introduction of interdependencies between neighboring
streamwise stations is an essential feature of the presence of ξ derivatives, this means
that local independent solutions at distinct streamwise stations are no longer possible.
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When terms involving ∂
∂ξ (•) are excluded from the modified equations, they simplify the

computation by becoming ordinary differential equations. By removing the streamwise
link, this simplification makes it possible to arrive at locally independent solutions. This
“local similarity” technology is beneficial for calculation, but it may yield results that
are not entirely accurate.

In order to address the boundary layer flow problem across a CSS, the governing model
found in Eqs. (8)–(11) and the BCs (13), the local non-similarity approach is utilized.
The local non-similarity strategy for resolving the aforesaid problem will be described in
depth in the next subsection (see refs. Liu et al. [14] and Afridi et al. [3]).

3.2. First-order truncation. Assuming that the ξ
(

∂(.)
∂ξ

)
term is relatively small at

the first level of truncation; it is assumed that ξ � 1 displays this behaviour. Because
of this, Eqs. (8)–(11) take on the following forms:
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, (13)(
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1
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)
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ξ
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+
∆

(η +∆)2
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∆
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∆
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(f2
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1
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1

(η +∆)
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)
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∆
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1
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)
− (1 + δθ)nKr exp

(
−E

(1 + δθ)

)
χ+

∆

(η +∆)
(fχη) = 0. (16)

The BCs are simplified as follows:

f ′ = 1, f = 0, θ′ = Bi1(θ − 1), χ′ = Bi2(χ− 1).

f ′ → 0, f ′′ → 0, θ → 0, χ → 0. (17)

3.3. Second-order truncation. For truncation of higher order, introducing new func-
tions ∂P (ξ,η)

∂ξ = q, ∂f(ξ,η)
∂ξ = s, ∂θ(ξ,η)

∂ξ = t, ∂χ(ξ,η)
∂ξ = z are necessary to produce the 2nd

order truncation. The ξ derivatives of the introducing function are set to zero that is
∂q
∂ξ = ∂s

∂ξ = ∂t
∂ξ = ∂z

∂ξ = 0. The modified Eqs. (8)–(13) are as follows

P ′ =
(f ′)2

η +∆
, (18)(

− 1

(∆ + η)2
f ′ + f ′′′ +

1

(∆ + η)
f ′′
)

1 + β1

1 + β2
+

∆

(η +∆)2
(ff ′ + ξsf ′)

−Mf ′ +
Gr

ξ
θ − ∆

(η +∆)
((f ′)2 + ξs′f ′) +

∆

(η +∆)
(ξsf ′′ + ff ′′)

=
∆

(η +∆)
(2P + ξq), (19)
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1

Pr

(
θ′′ +

1

(η +∆)
θ′
)
+

∆

(η +∆)
(ξsθ′) +

∆

(η +∆)
(fθ′)

− ∆
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−E
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1
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(
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+

∆
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∆

(η +∆)
(fχ′)

−Kr(1 + δθ)n exp
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−E

(1 + δθ)

)
χ− ∆

(η +∆)
(ξf ′ z) = 0. (21)

The BCs are reduced as follows:

f ′ = 1, f + ξq = 0, θ′ = Bi1(θ − 1), χ′ = Bi2(χ− 1).

f ′ → 0, f ′′ → 0, θ → 0, χ → 0. (22)

The derivative of equations (18) through (21) and the corresponding boundary conditions
(22) with regard to ξ are as follows:

q′ =
1

η +∆
2f ′s′, (23)

1 + β1

1 + β2

(
s′′′ +

1

(η +∆)
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ξ
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∆
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(2q + q), (24)

1
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(
t′′ +

1
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+

∆
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∆
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χ
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)
1
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Eδtχ
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z = 0, (25)
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(
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1
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χ

55



S. SURESHKUMAR, ET AL.

−Kr(1 + δθ)n exp

(
−E

(1 + δθ)

)
z = 0. (26)

The BCs are simplified as follows

s′ = 1, s = 0, t′ = Bi1(t), z
′ = Bi2(z).

s′ → 0, s′′ → 0, t → 0, z → 0. (27)

After taking q out of equations (23) and (24), we get
1 + β1

1 + β2

(
s′′′′ +

2

(η +∆)
s′′′ − 1

(η +∆)2
s′′ +

1

(η +∆)3
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θ
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)
+

∆
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∆
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− ∆

(η +∆)3
(s′f + 2f ′s+ ξs′s) = 0. (28)

The previously stated boundary layer equations for momentum, energy, and concentra-
tion, as well as the associated boundary conditions and auxiliary equations,(
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2
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)
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∆
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+
∆

(η +∆)
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2
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ξ

(
t′ +

t

η +∆

)
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∆
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(s′f + 2f ′s+ ξs′s) = 0. (30)
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1

Pr

(
θ′′ +

1

(η +∆)
θ′
)
+

∆

(η +∆)
(ξsθ′) +
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)
χ = 0, (31)
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∆
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(
−E

(1 + δθ)

)
χ

−Kr(1 + δθ)n exp

(
−E

(1 + δθ)

)
z = 0. (34)

The boundary conditions for the aforementioned equations are as follows:
f ′ = 1, f + ξq = 0, f ′ → 0, f ′′ → 0,

s′ = 1, s = 0, s′ → 0, s′′ → 0,

θ′ = Bi1(θ − 1), θ → 0,

t′ = Bi1(t), t → 0,

χ′ = Bi2(χ− 1), χ → 0,

z′ = Bi2(z), z → 0. (35)

4. Results and Discussion

This work investigates the consequence of endothermic and exothermic reactions on
the motion of Boger fluid across a CSS. Convective boundary conditions and the impact
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of an MF are also considered. Appropriate transformations are applied to the PDEs
to convert them into a non-similar form, which allows for their solution. After that,
local non-similarity techniques are used to solve the resultant equations, with truncation
occurring at the second order. This section elaborates on the physical relevance of flow
parameters on velocity

(
∂
∂ηf(ξ, η)

)
, concentration (χ(ξ, η)) and temperature (θ(ξ, η))

profile in order to thoroughly assess the model’s practical applicability. It is intended to
clarify the consequences of the MF parameter (M), thermal Biot number (Bi1), solvent
fraction parameter (β1), chemical reaction rate parameter (Kr), exothermic/endothermic
parameter (λ), Activation energy parameter (E), solutal Biot number (Bi2), and Schmidt
number (Sc) on the flow field.

The fluid velocity variation is examined in Figure 1 concerning the magnetic field
parameter’s intensity. Observably, this effect has a negative outcome in that there is an
inverse connection between the magnetic field and the velocity distribution. A rise in
magnetic field values corresponds to a fall in fluid velocity. Physically, when a magnetic
field influences a moving fluid, the particles of the fluid are stimulated, which results in
a counter force that reduces and slows the fluid’s motion; additionally, this force, which
was originally called the Lorentz force, is perpendicular to both the MF vector and the
velocity vector. The velocity distributions for the β1 parameter is displayed in Figure 2.
Increasing the β1 results in an improvement in the velocity distribution. The Grashof
number impact on velocity profiles for heat transmission is shown in Figure 3. It can be
perceived that raising the Grashof number values for heat transfer causes the velocity
profiles to rise. The Grashof number for heat transmission is defined as the thermal
buoyant force to viscous force ratio. In terms of physics, raising the Grashof number
causes the thermal buoyancy force to rise and the viscous force to decrease, which in-
creases the velocity profiles. It is crucial in identifying the heat transmission mechanism,
especially in cases of natural convection. Comprehending the Grashof number is crucial
for scientists and engineers working in a variety of sectors, as it aids in forecasting fluid
behavior in natural convection situations, directing the development and enhancement
of heat exchange systems, thermal control, and several other uses.

The thermal behavior resulting from chemical reaction parameters for exothermic and
endothermic parameters are depicted in Figures 4 and 5, respectively. When two chemi-
cal species interact, endothermic reactions (λ = −1) consume energy, whereas exothermic
reactions (λ = 1) create energy. This chemical reaction is referred to as isothermic if the
ratio of energy release to absorption is equal to that of absorption, since all of the energy
in the reaction is balanced. It indicates that the endothermic process lowers the tem-
perature of the Boger fluid. The system absorbs energy during the endothermic process,
which subsequently lowers the fluid’s temperature and θ(ξ, η). If the system discharges
heat into the environment, a chemical reaction is said to be exothermic. The heat of
system is transported to the surroundings, raising their temperature. Figures 6 and 7
display the influence of activation energy for exothermic and endothermic parameters
on temperature, respectively. Figure 6 illustrates that for exothermic reactions (λ = 1),
a little lowering influence of the temperature profile is detected for rising values of E;
whereas markedly opposite effects are obtained for endothermic reactions. This is the
temperature profile that rises as E values for the endothermic process (λ = −1) grow.
Activation energy is the least energy needed to initiate a chemical reaction. A reaction’s
activation energy is typically expressed in kilojoules per mole and represented by the
symbol Ea. In an endothermic process, energy is extracted from the environment, often
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Figure 1. Plots of
(

∂
∂ηf(ξ, η)

)
for M .

Figure 2. Plots of
(

∂
∂ηf(ξ, η)

)
for β1.
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Figure 3. Plots of
(

∂
∂ηf(ξ, η)

)
for Gr.

Figure 4. Plots of θ(ξ, η)for Kr at λ = 1.
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Figure 5. Plots of θ(ξ, η) for Kr at λ = −1.

from the liquid and surrounding solid surfaces. Furthermore, a lower reaction rate means
that the liquid’s endothermic reaction is producing less heat. The system’s total thermal
transmission is decreased as there is less heat available for transfer. As the activation
energy parameter improves, so does the process’s activation energy barrier. Still, in an
exothermic case, this greater barrier consequences rather than stops the rate of heat
transportation. Despite the greater activation energy barrier, the heat generated during
the reaction is nonetheless transported to the neighboring solid and liquid systems. In
this instance, a greater activation energy value could cause a slower reaction rate, but
total heat transfer is still rather considerable once the reaction starts.

The examination of the θ(ξ, η) for different Bi1 values is shown in Figure 8. The
thermal Biot number Bi1 exhibits an increasing response with thermal boundary layer
thickness. The Biot number is a physical expression for the proportion of interior con-
ductive heat transmission to surface convective heat transfer. The thermal boundary
layer’s thickness grows as the temperature of the surface escalates due to the intensified
influence of the Bi1, which characterizes surface convection. Since the heat transfer co-
efficient, or hs, is involved in the Biot number, its value increases as hs rises. As a result,
increased heat transfer coefficient values result in increased temperature and thickness
of the thermal boundary layer. The Biot number’s capacity to provide information on
the predominant mechanism of heat movement inside a system accounts for its physical
relevance. Conduction is more prevalent when the object’s interior resistance to heat
conduction is significantly lower than the convective resistance at the surface, as shown
by a small Biot number. Large Biot values indicate that convection is more prominent in
the heat transfer process because the object’s internal thermal resistance is larger than
its surface convective resistance. Figure 9 presents the impact of solutal Biot number
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Figure 6. Plots of θ(ξ, η) for E at λ = 1.

Figure 7. Plots of θ(ξ, η) for E at λ = −1.
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Figure 8. Plots of θ(ξ, η) for Bi1.

(Bi2) on χ(ξ, η). Increased Bi2 causes χ(ξ, η) to expand. The solutal Biot number Bi2
is expressed mathematically as the coefficient of mass-transference hm, which increases
as Bi2 gets larger. Figure 10 illustrates the variation of chemical reaction factors on the
χ(ξ, η). It is discovered that when the chemical reaction parameter increases, the species
of concentration in the border layer decreases. This is because the chemical reaction in
this system reduces the concentration by consuming the chemical. The most important
impact is the chemical reaction’s inclination to lessen overshoot in the solute concentra-
tion profiles in the solutal boundary layer. The significance of Eon the χ(ξ, η) is seen in
Figure 11. The χ(ξ, η) rises for high values of E, as the graph demonstrates. Activation
energy refers to the minimum quantity of energy necessary to initiate a reaction. Exper-
imental evidence reveals that an increase in AE leads to a decline in the reaction rate
constant, thereby causing a slowdown in the chemical process. The Arrhenius function
deteriorates by increasing the E value, which proceeds to the generative chemical process
being promoted and the concentration field being improved. A decreased reaction rate
constant results from the combination of a high activation energy and a low temperature,
which slows down the chemical reaction. This results in an elevation of the χ(ξ, η). The
impact of Sc on the χ(ξ, η) is seen in Figure 12. It is observed that the χ(ξ, η) and the
thickness of the solutal boundary layer diminish as the Sc rises. The Sc is really the ratio
of mass diffusivity to momentum diffusivity. Higher Sc values are therefore associated
with lower mass diffusivity. For this reason, when Sc increases, the penetration depth of
the concentration function decreases. There is consensus that the concentration profile
lowers as a result.
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Figure 9. Plots of χ(ξ, η) for Bi2.

Figure 10. Plots of χ(ξ, η) for Kr.
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Figure 11. Plots of χ(ξ, η) for E.

Figure 12. Plots of χ(ξ, η) for Sc.
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5. Conclusion

This work investigates the stream of a Boger liquid past a CSS, considering the impact
of a magnetic field and convective boundary conditions. Additionally, the properties of
mass and heat transfer are studied through the application of exothermic and endother-
mic chemical processes. Using the proper non-similar transformations, the dimensional
PDEs are transformed into dimensionless non-similar PDEs. The local non-similarity ap-
proach is then used to describe the dimensionless PDEs as a collection of ODEs. Graphs
are used to examine how different factors affect the flow field. Some of the primary
conclusions are as follows:

• ∂
∂ηf(ξ, η) decays when the magnetic field parameter is augmented. This is be-
cause when a magnetic field influences a moving fluid, the particles of fluids are
stimulated, which results in a Lorentz force that reduces and slows the fluid’s
motion.

• Increasing the Grashof number and solvent fraction parameter values increases
the velocity distribution.

• For exothermic reactions, a little lowering influence of the temperature profile is
detected for rising values of E; whereas markedly opposite effects are obtained
for endothermic reactions.

• For exothermic processes, higher values of Kr show an increasing influence of
the temperature profile; for endothermic reactions, the results are noticeably
opposite.

• Both the thermal and concentration profile increases as the magnitude of thermal
and solutal Biot numbers rise.

• The concentration profile decreases when the chemical reaction parameter and
Schmidt number value escalate.

• As the activation energy parameters rise, the concentration profile likewise in-
creases. The Arrhenius function declines as the AE increases, which precedes
the generating chemical reaction being promoted, and the concentration field is
improved.
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