~ INTERNATIONAL JOURNAL OF MATHEMATICAL SCIENCES AND
OPTIMIZATION: THEORY AND APPLICATIONS

IJMSO 12(1), 2026, PAGEs 91 - 103
HTTPS://D0I.0RG/10.5281/ZENODO. 20467141

Dissipative Hydromagnetic Flow of an Arrhenius Fluid with
Variable Properties under No-Slip Boundary Conditions

A. Adeniyan', S. A. Odunlami?, E. O. Fatunmbi "

1. Mathematics/Statistics Units, Trinity University, Yaba Lagos, Nigeria.

2. Department of Mechanical Engineering, Federal Polytechnic Ilaro, Nigeria.

3. Department of Mathematics and Statistics, Federal Polytechnic Ilaro, Nigeria.
Email: tunjadeniyan@yahoo.com, 2samson.odunlami@federalpolyilaro.edu.ng

* Corresponding author: ephesus.fatunmbi@federalpolyilaro.edu.ng

Article Info
Received: 25 February 2026 Revised: 22 March 2026
Accepted: 25 March 2026 Available online: 15 April 2026

Abstract

This study focuses on investigating the non-slip hydromagnetic laminar dissipation flow with
Arrhenius kinetics in binary reactions characterized by reaction order and variable properties
within an unbounded isothermal device. In the absence of material distortion, the species mix-
ture in the fluid is activated by factors such as internal heating, reaction order, and activation
energy. This study focuses on investigating the non-slip hydromagnetic laminar dissipation
flow with Arrhenius kinetics in binary reactions characterized by reaction order and variable
properties within an unbounded isothermal device. In the absence of material distortion, the
species mixture in the fluid is activated by factors such as internal heating, reaction order,
and activation energy. The partial differentiation model is nondimensionalized to a thermoflu-
idic dimensionless form. An invariant quasi-linear coupled ordinary differentiation model is
obtained using appropriate similarity quantities. Computation solutions of the dimensionless
invariant formulated derivative model are offered in plots and tabular formats to illustrate the
sensitivity of critical terms. The analysis reveals that the species mixture leads to a reduc-
tion in flow velocity but an increase in binary species reaction by 0.734%. Furthermore, the
activation energy and coefficient material enhance the thermic profile within the flow medium.
Consequently, this study provides valuable insights for industrial development, aiding in the
informed selection of working fluid properties.

Keywords: No-slip condition; Activation energy; Reaction order; Arrhenius kinetics; Viscous
Dissipation.
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Nomenclature
Symbol Description
Ky Variable thermal conductivity
k Uniform thermal conductivity
U,V Velocities in « and y directions
C(T) Fluid concentration(temperature)
D Species diffusion coefficient
R Reynolds number
U Velocity of the free stream
Coo(Tx) free stream concentration (temperature)
H Hartmann number
Cp Specific heat at constant pressure
k. Boundary wall chemical reaction parameter
Gw Boundary wall surface heat flux
E, Activation energy
Rg Universal gas constant
g Gravitational acceleration
r Positive integer
Dimensionless Groups
Gr Grashof number
N Buoyancy ratio parameter
Fs Darcy—Forchheimer parameter
v Limiting velocity

Sec(Pr) Schmidt (Prandtl)number
Greek Letters

0(¢o Dimensionless temperature(concentration)

153 viscous dissipation parameter

Be(Br) Species (thermal) expansion coefficient

€ Dimensionless activation energy

x(7) chemical reaction (thermal diffusion) parameter
A Binary chemical reaction parameter

€ Small positive parameter (0 < € < 1)

ag(a) heat source/sink (wall heating) term

1 Introduction

The flow of current-carrying fluid materials stimulated by magnetic force is presently given much
attention owing to its usage in MHD generators, heat conductors, oil exploration, fusion and fis-
sion reactions, plasma, and so on [1,2]. The magnetic-induced flowing fluid was reported to have
supported the efficiency of industrial lubricant viscosity due to the impact of electromagnetic force
that damped free flow and its ability to conduct heat away from a system [3, 4]. Several extensive
researches have been performed on different magnetohydromagnetic fluid flow models in various ge-
ometries. Khan et al. [5] examined the dual solution of magneto-nanomaterial on a curved surface.
The flow rate was reported to have been damped with rising magnetic terms. Ahmed et al. [6] con-
sidered the thermo-physical impact of magnetic force on a nanofluid flow past a Couette horizontal
device. It was found that magnetic force retarded the flow near the fixed surface. Nadeem et al. [7]
considered magnetic viscous flow in a vertical configuration and reported that material properties
supported the magnetic force in opposing the flow and increased fluid viscosity. Oyeyinka et al. [§]
analytically investigated the flow of MHD Williamson fluid past inclined elongated device embedded
in porous medium subject to mixed convection and heat generation. Fatunmbi et al. [9] examined
the stagnation point flow of an electrically conducting Williamson nanofluid over an expanding

92


 https://doi.org/10.5281/zenodo.20467141

~ INTERNATIONAL JOURNAL OF MATHEMATICAL SCIENCES AND
OPTIMIZATION: THEORY AND APPLICATIONS

IJMSO 12(1), 2026, PAGEs 91 - 103
HTTPS://D0I.0RG/10.5281/ZENODO. 20467141

device in the presence of Ohmic heating and entropy analysis, whereas Adigun et al. [10] analyzed
the flow of MHD tangent hyperbolic stratified fluid over a vertically stretched with quadratic mixed
convection and nonlinear thermal radiation effects. Nmeburulo et al. [11] discussed on heat-mass
transfer of steady hydromagnetic boundary layer flow past a non-permeable flat sheet with Ohmic
and viscous heating effects. The authors reported there is a decrease in the fluid velocity but a rise
in the temperature as the magnetic parameter increases in strength.

Meanwhile, many industrial and technological processes for reacting species involving hydromag-
netic flow are often accompanied by heat transfer [12]. As such, Rahman [13] examined nanofluid
exothermic species reaction in the porous cavity with a sloping magnetic field and heat transfer. It
was presented that heat transfer is enhanced with a rising exothermic reaction, which reduces fluid
viscosity. Khan et al. [14] theoretically examined the Maxwell mixed convective flow in an isother-
mal infinite stretchable disk with heat generation/sink. The findings show that the heat generation
enhanced heat propagation and chemical reaction. In a vertical device, Nadeem [15] examined the
heat transport of chemically reacting hydromagnetic nanomaterial in a Maxwell base fluid with a
heat sink. The magnetic field is seen to have increased heat transfer but damped the reacting fluid
flow velocity. In practical phenomena, differences in the species concentration mixture led to mass
transfer, which is useful in many industrial and chemical mixtures [16, 17]. Every reacting species
requires a minimum energy to stimulate the reaction.

The mechanism for reacting species of mass diffusion influenced by Arrhenius activation energy
is often encountered in oil and water emulsions, food processing, chemical engineering, thermal
reservoirs, and so on [18]. No matter how small, fluid molecular reaction requires potential and
kinetic energies for the Arrhenius chemical mixture, but as a result of pronounced momentum en-
ergy, small activation energy may be needed to break the molecular bond [19]. The significance of
the activation energy concept can be found in geothermal processes, oil industries, hydromagnetic
processes, oil suspension, and others. Owing to its usefulness Acharya et al. [20] presented a binary
chemical mixture and reduction of entropy generation in Arrhenius activation energy of radiative
hydromagnetic nanomaterial flow past a vertical plate. It was stated that temperature field and
thermal diffusion are enhanced with rising radiation variables. Azama et al. [21] investigated the
nanofluid covalent bonding of cross-radiation in an axisymmetric flow with the Arrhenius activation
energy effect. The numerical outcomes depicted that the chemical concentration profile is raised
with high activation energy. Mustafa et al. [22] investigated the influence of activation energy and
buoyancy force on hydromagnetic chemically reacting nanofluid flow in a vertical medium. The
numerical study shows that nanofluid concentration rises proportional to the Arrhenius chemical
reaction rate. In ref. [23], the authors presented the entropy generation of an Oldroyd 8-constant
hydromagnetic fluid in a double Arrhenius reaction and current density. From the analytical results,
it was stated that the second exothermic reaction term enhances reaction combustion. Other inves-
tigations on the Arrhenius activation energy for different fluid materials can be found in [24-28].

This study focuses on the influence of varying heat generation, heat dissipation, and activation
energy on a hydromagnetic heat transfer and chemical reaction occurring in an isothermal vertical
device. The study is significant in chemical sciences, industrial processes, engineering, etc. Of
many related studies or models, no combined effect of magnetic field, activation energy, varying
heat source, and thermal dissipation have been examined despite their significance in many aspects
of sciences and engineering. Hence, the usefulness of this study to the thermal chemical sciences
motivated the interest. As such, the investigation is inspired by the phenomenal applications of
the study coupled with the significant reports from various researchers as seen in [12,15,18,22]. A
numerical analysis of the model is carried out using a shooting method combined with the Runge-
Kutta scheme; the outcomes are given in tables and graphs and qualitatively discussed.

2 Problem Formulation and Modelling

A theoretical non-slip hydromagnetic laminar flow of chemical reacting fluid in a vertical boundless
device is considered. The flow is influenced by viscous dissipation, varying heat sources, pressure
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gradient, and temperature-dependent thermal conductivity without reacting material species con-
sumption. The fluid particles collided continuously without deformation, satisfying Newtons law
of flow motion. The fluid chemical reaction is stimulated by branched reaction order, activation
energy, internal heating, and chemical kinetics. The magnetic field controls the fluid conductivity
strength at low Reynolds numbers with negligible magnetic induction. The boundary layer flow
equations are formulated based on the highlighted assumptions, which follow from the recent works
of [29,30]. Hence, the velocity component, energy, and mass equations, as well as the boundary
conditions governing the flow, are given as:

Figure 1: Flow Configuration

2.1 Governing Equations

Incorporating the above-highlighted assumptions, the relevant governing equations for the momen-
tum, microrotation, energy, and concentration equations are expressed as follow. The governing
equations for the flow are given as:

1 2 2 B2
du Ou _ 10p V(8u+8u>_a (z)

(u_U)$g%|u|(u_U)+g [BT(T - Too) + ﬂC’(C - Coo)] )

Yor oy T pox V\oa2 T g2
(2.1)
v ov  10p v 9% oB?(x)
uax—f'vay——pay—‘rl/(ala 8y2) - P v, (22)

e, (uaT +U8T) _0 (k T 3T) T (g;‘f—]%“) (A (T — Too) (= U) + B (T — Too)]

Or Oy oy \" T Oy TV ’
(2.3)
oC oC 0?C E
— — | =D— —Coo) — KA(T —Too)" - —Cu). 2.4
(5 +05 ) = D5g +9(C  Co) = BT~ Ty exp (5 ) (€ =€) (24)
The model is subjected to boundary conditions:

u=U,v=v,,1T=1T,,C=Cpat y=0 (2.5)

u—UT— Ty, C— Cyas y — 0. '

2.2 Non-Dimensional Variables

The following appropriate variables are applied to the system of flow dimensional equations to
obtain dimensionless transformed equations as demonstrated by [21, 24]

I _x o, Y . uw ) __ vl

x_f7y_§7u_ﬁ7v_7§a |

/I _ D r_ U _ E B

p = pU2’U = E,(T—Tw) =0 <7RG%020) (26)
— C=Cx U -4

¢=c, V=0 =

where L is scale length, ¢ is the unknown thickness of the device layer for which z = L, U is the
velocity of the flowing liquid along the x-axis parallel to the bounded flow medium layer. Now,
using the defined quantities of equations (2.6) on the formulated flow boundary equations (2.1) to
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.5), the non-dimensional flow system of equations without the prime is obtained as in the limi
2.5), th di i 11 t f ti ithout th i is obtained in the limit
R —:

%Jrg—zzo (2.7)

u%—&— gu:G(x)—kgjf;—H(u—1)$Fs(u—l)+Gr(N9+qb), (2.8)
U%+U%§ZT% [(1+ 9)8 ]+ﬁ<au) —agfag(u—1)+46], (2.9)
u% +vg—j chzy(bJr ¢s)\0rexp(1f89) 0. (2.10)

Dimensionless Boundary Conditions

u=Vv=00=1¢=1at y=0 (2.11)
u—1,0 0,0 —0asy — o0 '
The thermo-fluid physical parameters are defined as:
B?(z)L (Cw — Coo) L RoT2 L K, L
o = IHB(2) 7Gr:gﬁ( ) N = BrRTS 7 _g¢7|u|
kU U2 Bela(Cw — Coo)U?
kL RgT pUL E, 2xyL ATy — Tx)EU
_ _ - 2.12
T e, U E."T 2 R Tgo’x pU2 N BoaRgrz 0 (212
LB* [ kuy(z) 22z 1 1 DL UL
= =k eT. — ,R=—.
o U ( TV >’>\ " U2( =)' exp( > " Se ,uU’R v

For the flow velocity U parallel to the flat vertical plate, the pressure is independent of y. At the
leading edge (x = 0,y = 0), the velocity gradient becomes indefinite, indicating the presence of a
mathematical singularity. Consequently, the boundary layer approximation is not valid exactly at
the leading edge but remains valid in the vicinity of x &~ 0. Thus, the boundary layer equations
(2.7)—(2.11) can be reduced to a system of ordinary differential equations using an appropriate
similarity transformation. A one-parameter transformation is introduced such that the governing
equations become invariant. The stream function ) is defined as:

= V2l f(n),n = /3% yu =35 =Uf'(n),
— -3 = \/E ) - f), (2.13)

on _ _n om_ [ U
ox — 2z’ dy 2uzx”

Substituting equation (2.13) into the governing equations, the continuity equation is identically
satisfied. The momentum, energy, and species equations reduce to:

"+ ff = (HEF)f —1)+Gr(No+¢)+G=0 (2.14)
T[(1+e0)0] + £0' + B(f")? — ao[oa(f' — 1) + 6] =0 (2.15)
0

igb/urfgb/thfbf/\er exp (1—1—59) ¢=0 (2.16)

The transformed boundary conditions are:

(2.17)

f0)=0, f(0)=V, 00)=1, ¢0)=1
f'm) =1, 0(n) =0, ¢(n)—0asn— oo
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In the absence of external forces and thermal effects, the momentum equation reduces to:

f/// + ff/l — 0 (218)
The numerical solution gives: f”(0) = 0.469599998500248. The point solution is presented in Figure
2.

2.3 Engineering Quantities of Interest

The physically important quantities are the skin friction coefficient, Nusselt number, and Sherwood
number, defined respectively as:

Cy = 1"(0),
Nu = —6/(0), (2.19)
Sh = —¢/(0)

S = o W 4 ta

n
[— ) ——f') = - £

Figure 2: A one-parameter functions f(),f’() and £7().

The range of values at the horizontal axis is denoted by 7. In contrast, the functions f(), f/() and
1"() are considered on the vertical axis as presented in Figure 2. The numerical point solutions for
the flow field, velocity field, and wall velocity gradient are demonstrated in the plot.

3 Numerical Computation Technique

The transformed nonlinear ordinary differential equations (2.14)—(2.16), together with boundary
conditions (17), are solved numerically over the domain 0 < 7 < 7. A finite computational domain
is adopted with 7o = 5, which is sufficient to satisfy the asymptotic boundary conditions. The
domain is discretized using a uniform step size of An = 0.02, ensuring accuracy and convergence.
The computations are carried out using Maple 2020. The chosen parameter values are: e = N = \ =
G=0.1,Pr=170,5=06,V=F,=H=0.2,8=0.04,Gr = 0.5,a9 = 0.02,a; = 0.05,r = 1.0.
These values are selected based on existing literature.

4 Results and Discussion

In Table 1, the results of the present study are compared with the previous ones to check the
accuracy of the numerical computations. The comparison shows good agreement between the
present results and existing results in the literature for skin friction and Nusselt number as Pr and
Sc vary in magnitude. Also, the numerical results for skin friction f”(0), heat transfer rate —6'(0),
and mass transfer rate —¢’(0) are presented in Table 2 for variation in ag, x, G, H, N and Gr. The
table shows the sensitivity of the chemical reacting fluid and temperature to parameter variation.
As such, these parameters should be monitored for the effective usage of various working fluids to
enhance their performance.
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Table 1: Results verification with existing related studies
Parameters  Makinde [31] Okedoye et al. [29] Present results
Pr Se Cy Nu Cy Nu Cy Nu
0.50 0.71  3.09046 1.21628 3.09048 1.21627 3.09035 1.21657
0.70  0.71 277995 1.21263 2.77998 1.21262 278003 1.21239
0.60 1.00 2.79576 1.49400 2.79577 1.49399 2.79568  1.49410
0.60 5.00 1.75935 4.36421 1.75937 4.36421 1.75948  4.36457

From the Table 2, it is noted that an increase in G, and H implies a greater Lorentz force that
opposes fluid motion, thereby enhancing shear stress on the wall. A rise in y results in greater
wall shear force and improved heat and mass transfer performance. The reaction rate increases
when y value rises which leads to greater species consumption or generation that occurs close to
the wall. The local gradients in velocity and temperature and concentration increase which results
in higher values for f”(0), —0'(0) and (—¢'(0)). The trend shows that chemical reactions enhance
boundary-layer flow and promote better momentum and thermal and mass transfer at the surface.
Similarly, an increase in Gr implies an increase in buoyancy force, which accelerates fluid flow near
the surface, thereby enhancing the velocity gradient, which in turn increases skin friction. On the
contrary, an increase in g implies a decrease in fluid viscosity, thereby decreasing shear stress on

the wall.

Table 2: Effect of ag, x, G, H, N and Gr on skin friction, temperature and mass gradient

0w x G H N G 0 _—¢0) 00
0 1.1285264 -0.5077929 -0.5139627
0.2 1.1265668 -0.5072815 -0.6078117
0.4 1.1249422 -0.5068625 -0.6910885
1.0 1.1213691 -0.5059558 -0.8990935
0.0 1.0626547 -0.8994555 -0.5172553
0.5 1.0886094 -0.7319737 -0.5198783
1.0 1.2623458 0.1043590 -0.5372888
3.0 1.7512308 2.0775658 -0.5768939
0.0 0.9799411 -0.4876214 -0.5075284

0.5 1.6910721 -0.5724704 -0.5720068

1.0 2.3456045 -0.6329471 -0.6082391

3.0 4.6745359 -0.7876058 -0.6375864

0.0 1.0774817 -0.5066292 -0.5229433

0.4 1.1784640 -0.5089507 -0.5249500

1.2 1.3684251 -0.5140091 -0.5290248

2.0 1.5404663 -0.5186606 -0.5325403

0.0 1.0947979 -0.5050664 -0.5217401

0.5 1.2598287 -0.5179152 -0.5320689

1.0 1.4191753 -0.5296643 -0.5411629

1.5 1.5737389 -0.5405211 -0.5492400

0.0 0.7287420 -0.4724569 -0.4940437

1.0 1.4913757 -0.5355235 -0.5455688

3.0  2.7548605 -0.6132785 -0.5935911

5.0 3.8569849 -0.6668174 -0.6115227

A rise in ag, G, H, N, and Gr enhances heat transfer due to an improvement in thermal transport
mechanisms. An increase in Gr and N implies an increase in buoyancy-driven convection, which
accelerates thermal mixing, thereby enhancing the temperature gradient on the wall. Similarly,
an increase in H implies an increase in the magnetic field, which may accelerate thermal energy
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transport via Joule heating. However, an increase in x implies a decrease in heat transfer due to
the suppression of fluid motion caused by increased fluid resistance within the porous material.lt is
observed that the skin friction coefficient increases with increasing values of x, G, H, N and Gr, but
decreases as «q increases. Similarly, the rate of heat transfer enhances with increasing g, G, H, N
and Gr, whereas it decreases with increasing x. The mass transfer rate improves as ag, x, G, H, N
and Gr increase. This improvement is linked to enhanced mass transport. Stronger buoyancy
effects (Gr, N) and flow resistance parameters modify the concentration boundary layer, leading
to steeper concentration gradients at the wall. This results in an increased rate of species diffusion
from the surface.

H=0.0
H=05
H=10
H=15

Figure 3: Velocity curve pattern for varying G Figure 4: Velocity profile for rising H

Figure 3 shows that an increase in the pressure gradient parameter G enhances the velocity profile
due to increased driving force. A favourable pressure gradient creates a driving force that accelerates
fluid motion while increasing its kinetic energy. Also, the boundary layer momentum increase results
in elevated velocity profiles. Whereas in Figure 4, the Hartmann number stimulated electromagnetic
force (Lorentz force) to drag the velocity distribution near the bounded plate, the flow velocity is
propelled along the stream due to rising vary heat generation.

= T v
0 1 2 3 4 5

Figure 5: Velocity curve pattern for varying Gr Figure 6: Thermal profile for rising Gr

The electromagnetic force dominates the viscous fluid, which declines the conducting fluid velocity
profile past a magnetic field near the plate. Also, the rising Grashof number encourages the flow
velocity profile, as noticed in Figure 5. The approximated fluid buoyancy force ratio dominates
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the exerting viscous force to stimulate natural convection; this leads to a significant rise in flow
rate magnitude. A rise in temperature change has been influenced by reducing changes in the fluid
density resulting in an enhancing velocity field.

14

0.84

e=0.1
c=0.4
e=07
e=1.0

0.6

-
-

Figure 7: Concentration distribution for rising x Figure 8: Velocity profile for variation in

However, in Figure 6, the Grashof number (Gr) decreases the heat transfer field due to the strong
influence of viscous force that discouraged free liquid particle interaction. As well, the fluid density
increases to damp the increasing changes in temperature, as a result, the temperature profile mag-
nitude is reduced. Figures 7 demonstrates the chemical reaction effect x on the reaction species
transfer. Figure 7 illustrate the graph of the concentration profile as x rises in magnitude. In this
plot, growth in the chemical reaction parameter boosts the consumption of the species within the
boundary layer, and thus leads to a faster depletion of concentration near the surface, which conse-
quently decreases the concentration across the fluid. However, a rise in the dimensionless activation
energy propels an increase in the thermal field as noted in Figure 8. This is because a rise in

reduces the effective activation barrier,and enhancing the chemical reaction rate. This generates
additional heat within the boundary layer, causing the temperature profile the temperature profile
to rise and increasing thermal energy throughout the fluid.

Figure 9: Flow rate profile for increasing (V) Figure 10: Velocity field for different N

The inspired heat dispersion propels the chemical reaction rate, leading to species-molecular inter-
action, thereby encouraging the flow rate and concentration distribution. Figures 9 and 10 show
that the limiting velocity (V') and the buoyancy ratio (N) increase the laminar Newtonian flow
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velocity profile. A solid continuous rise in the velocity filed along the bounded stream is seen; due
to the dominance of heat generation over the fluid viscosity. As such, the molecular bond is reduced
to enhance the fluid material mixture, and caused the flow dimension to be raised. This is found
to have been aligned with various existing reports from the literature (see refs. [5, 6]).

1
0.8+ a
il n=03 =02
'\ =15 B=1.0
064k} h=3.0 p=2.0
N \ A=50 B=3.0
04 \
'.\.
02 g .
N
LI
o i -H >
0 1 2 3 4 5 ¥
n 3 4 35
Figure 11: The A on velocity profile Figure 12: Thermal profile for rising G'r

The impact of the binary reacting mixture term A on the concentration diffusion is illustrated
in Figure 11. The binary reaction parameter A suppresses both concentration due to increased
molecular interactions. Furthermore, a rise A corresponds to growth in the temperature-dependent
chemical reaction rate, leading to faster consumption of the species. As a result, there is a rise
in species depletion within the boundary layer, leading to a decline in the concentration profile
across the fluid. Figure 12 reveals the effect of the viscous dissipation parameter 5 on the thermal
profile. This parameter amplifies the conversion of kinetic energy into thermal energy due to
internal fluid friction, thus it causes the temperature profile to elevate as seen in the figure. . This
effect is particularly significant in high-speed or highly viscous flows, including polymer extrusion,
lubricated mechanical systems, or nanofluid-based solar collectors, etc., where viscous heating can
enhance heat transfer rates, improve thermal efficiency, and influence chemical reaction rates within
the working fluid.

5 Conclusion

A numerical investigation of the continuous non-slip flow of hydromagnetic Arrhenius kinetics fluid
reaction with thermal conductivity and heat generation variable properties is carried out in a vertical
medium. The flow characteristics of the thermo-fluid entrenched parameters and the reactive species
diffusion rate sensitivity are established numerically. The behaviour of the Arrhenius reactive
kinetics fluid along the bounded plate surface is presented in tables for various fluid physical terms.
The observation made from the study depicted that:

e Increasing the magnitude of V', G, N, and Gr enhances both the velocity profiles, raises heat
transfer, and species diffusion due to stronger driving forces, and buoyancy effects. The skin
friction coefficient rises with x, G, H, N, and Gr, but decreases with ag.

e The intensity of the thermal profile rises as 8 and epsilon increase in magnitude. These
parameters encourage internal heat generation and facilitate the Arrhenius reaction, and
elevating thermal energy across the boundary layer. On the other hand, the thermal profile
declines with growth in Gr but raises the heat transfer due to viscous damping of thermal
convection.

e There is a decline in the concentration profile as y and A elevate in the system. The trend
indicates a higher chemical reaction rates and species consumption.
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e The combination of buoyancy (Gr, N), magnetic field (H), and pressure gradient (G) affect

the momentum distribution. Higher electromagnetic forces lower the velocity because of the
Lorentz drag but pressure gradients and buoyancy propel flow acceleration and momentum
boundary-layer thickness.

The results of this study provide essential benefits for lubricant oil production and polymer extru-
sion and synthetic chemical processes and nanofluid-based thermal systems which require process
control to achieve higher operational efficiency and productivity. The framework can be extended
to viscoelastic fluids or flows in annular and concentric geometries for industrial applications.
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