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This study analyses current density and thermodynamics second law of double reaction of a magneto-
Oldroyd 8-constant liquid in a convective asymmetric cooling medium. The viscoelastic properties of
the liquid are prevented from distortion by convective cooling of the flow media device which is taken
to satisfy Newton’s law of cooling. The flow momentum is motivated by exothermic reaction, chemical
kinetics and energized by pressure gradient in the absence of material consumption. The dimensionless
leading flow equations are solved using partition weighted residual analytical technique to reveal the
parameters sensitivity and impacts on the viscoelastic flow liquid, exothermic combustible heat diffu-
sion, entropy generation and current density. The solution results are presented in tables and graphs
for clear understanding of the thermophysical parameters implication on the double reaction fluid con-
sidered. As observed, the second step reaction enhances exothermic reaction that in turn support com-
plete combustion process in an engine. An improvement of thermodynamic equilibrium through
reducing material terms and Frank-Kamenetskii will minimize the entropy generation and promote ther-
mal engineering machine performance. Current density is augmented by rising second step reaction, elec-
tric field loading and activation energy ratio.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud 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

A system with one moving part and the other static influenced
by pressure gradient where lubricants are essential defined gener-
alized Couette media (Okoya, 2007). Flow of industrial material in
such a medium found its application in drilling, chemical produc-
tion, medical material industry and so on. Liquids such as water,
kerosene, alcohol, benzene etc. are classified as a Newtonian fluid
because of their constant viscosity while slurries, mayonnaise,
hydraulic grease and others are categorized as non-Newtonian
fluid (Hayat et al., 2001; Nima et al., 2020). Some non-Newtonian
liquids are viscoelastic while some are not in nature. Oldroyd fluids
initiated by (Oldroyd, 1950) are one of the special viscoelastic non-
Newtonian fluid with high industrial significance, the fluid has
shear and stress characteristics which are built on the retardation
and relaxation time. Of the Oldroyd fluids, Oldroyd 8-constant liq-
uid is the generalized form of the fluid (Baris, 2001). In the absence
of energy transfer and heat diffusion, the flow characteristics of
Oldroyd 8-constant fluid in a channel were reported in details by
the (Ellahi et al., 2008; Hayat et al., 2004; Khan et al., 2011). Mean-
while, heat transfer and dissipation considerably affect the viscos-
ity of fluids in a configuration which leads to its low efficiency in
many industries.

The exothermic heat reaction of combustible industrial materi-
als causes a release of a substantial measure of heat that is
employed in pollution control, rocket and jet propulsion, reactor
atomic plant, fire extinguisher and others (Hassan et al., 2018;
Makinde, 2004). Several idealized single exothermic heat diffusion
have been modeled which may adequately take care of some prob-
lems by (Ajadi, 2011; Okoya, 2009; 2011;; Salawu et al., 2020a;
Srivastava et al., 2020). For high flame propagation and ignition,
single reaction diffusion is not enough, but a double exothermic
heat reaction for complete combustion process. According to
(Szabo, 1964), double combustion reaction will assist in reducing
toxic pollutant of carbon-monoxide from the engines. For instance,
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Nomenclature

a Channel width, [m]
x; y; x; y Cartesian coordinates, [m]
u;u Fluid flow velocity, [m/s]
T Dimensional fluid temperature, [K]
T0 Fluid temperature at wall, [K]
p;p Dimensional and dimensionless pressure, [Pa]
B0 Magnetic field strength, [Wbm�2]
G Pressure gradient
M Magnetic term
R Universal gas constant
Br Brinkman number
l Plancky number
C1;C2 First and second reactant species
Q1;Q2 First and second heat of reaction
Ef ; Es First and second activation energy
E1; E2 First and second reaction temperature rate
m Chemical kinetics
n Pre-exponential order

K Boltzmann’s constant
Af ;As First and second branch chain order
r Activation energy ratio
Bi Biot number

Greek symbol
q Fluid density, [kgm�3]
m Vibration frequency
h Dimensionless fluid temperature, [K]
r Electrical conductivity, [Sm�1]
l Dynamic viscosity [kgm-1s�1]
b Frank-Kamenetskii term
� Activation energy
w1;w2 Oldroyd material terms
k Current loading
/ Second step exothermic reaction
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automobile catalytic conversion is a platform for the two-step
enthalpy reaction. As such, (Makinde et al., 2013) investigated
thermal criticality of two-step exothermic heat reaction in a slab.
A semi-analytical approach was used to provide solutions to the
model in an isothermal diffusion reactant system. It was publicized
that ignition rate can be guided if strong heat production terms are
well controlled. (Salawu et al., 2019a, 2020b) considered two-step
reaction of Newtonian diffusion fluids in a porous Poisuille med-
ium and convective cooling walls. It was obtained that second step
exothermic reaction term improved heat generation that enhances
combustible heat propagation. However, increasing exothermic
heat distribution of a system greatly affect its enactment due to ris-
ing energy dissipation that reduces the thermal engineering device
productivity.

In several thermal systems, high rate of entropy is generated
due to loss of energy to the ambient through dissipation. The irre-
versibility of energy lost increases entropy generation that greatly
deteriorates the performance of the engineering system (Kareem
et al., 2020). To analysis the amount of entropy generation and
improve the reversibility of energy loss, thermodynamics second
law is applied to measure system disorderliness and enhance the
thermal engineering device efficiency (Fatunmbi and Salawu,
2020a). The concept of minimization of disorderliness as a result
of entropy generation through thermodynamic second law was
presented by (Bejan, 1982; 1995). Owing to the reduction in
entropy generation, the authors (Fatunmbi and Salawu, 2020b;
Salawu et al., 2019b) used second law of thermodynamic to exam-
ine different industrial hydromagnetic non-Newtonian fluids in a
medium. It was stated that low heat dissipation should be encour-
aged in a thermal system. (Khan et al., 2018) considered minimiza-
tion of an irreversibility process of nonlinear radiative
nanomaterial in a moving thin needle. Revealed from the study,
the system thermodynamic equilibrium can be achieved by moni-
toring the heat generation terms to reduce heat diffusion that can
lead to disorderliness. (Hayat et al., 2018) discussed copper and sil-
ver nanomaterial with entropy generated by a rotating disk.
Emphasis was given to the irreversibility analysis, thermal gradi-
ent, nanoparticles flow velocity and computational convergence
process. Due to the impact of entropy generation on the efficiency
of industrial machines and others, many studies have been done on
the reduction of entropy generation which can be found in
(Abolbashari et al., 2014; Salawu et al., 2019c, 2020c).
2

The present study investigated Oldroyd 8-constant liquid flow
of generalized Couette media in the presence of activation energy,
chemical kinetics that leads to two step exothermic reactions. The
study in motivated by the industrial usefulness of the fluid and
noteworthy reports on the flow characteristics and thermal criti-
cality presented by (Hayat et al., 2004; Makinde et al., 2013;
Salawu et al., 2020d). Therefore, it is important to consider the
minimization of energy loss as a result of increase entropy gener-
ation and variable electric conductivity to improve hydromagnetic
current carrying conductivity of a fluid by examining the current
density. This is significantly valuable to the thermal science indus-
try, biotechnology, pharmaceutical, electromechanical system and
heat exchanger. Going by the literature reviewed, the study of an
entropy generation and current density for a double exothermic
reaction of the considered fluid have not been investigated previ-
ously despite its extensive usages. The exothermic reaction occurs
in a Couette channel and the modeled problem is analytically
solved with rigorous mathematical analysis of parameter
sensitivity.

2. Mathematical setup

The generalized steady Couette flow of an Ohmic conducting
fluid for a double combustible reaction diffusion of Oldroyd 8-
constant with exothermic heat distribution is investigated. The
current density of the molecular diffusive fluid is examined under
the influenced of pre-exponential kinetics, and the viscoelastic
fluid material is maintained by the device convective cooling.
The upper wall moves with velocity U while the lower surface is
statics, both walls are exposed to convectional asymmetric cooling
which is defined after newton’s law of cooling. Without material
consumption, the fluid momentum is not created by the species
reaction, but inspired by pressure gradient and kinetics. The cool-
ant walls are to keep the fluid material from deformation as illus-
trated schematically (Fig. 1).

Considering the Cartesian system of coordinates, the conserva-
tion of mass and momentum law for the rapid fluid species is given
as (Okoya, 2011).

r � U ¼ 0 ð1Þ

q U � rð ÞU ¼ rT þ J � B ð2Þ



Fig. 1. Flow schematic coordinate.
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where the velocity vector U ¼ ðu; v;wÞ, q denotes density and cur-
rent density is J, B is the sum of the magnetic field so that
B ¼ bþ Bo, where b is the induced magnetic field. Neglecting the
current displacement, the equations of Maxwell and generalized
ohm’s law are given as:

r� B ¼ lcJ; r � B ¼ 0; r � E ¼ 0 and J ¼ r� Tð ÞðE � þU � BÞ ð3Þ
Here,lc; E� are magnetic permeability, electric conductivity and
the electrical heat dependent conductivity r� Tð Þ is defined by
(Salawu and Fatunmbi, 2020; Salawu and Ogunseye, 2020).

r� Tð Þ ¼ ro
E T � Toð Þ

RT2
o

" #m
ð4Þ

where the parameter m is the heat index and ro stands for conduc-
tivity. It is assumed that, electric field is zero, lc;E�;r� are constant
and the magnetic field is normal to the velocity field U and the
induced magnetic Reynolds number is negligible (Rajagopal and
Srinivasa, 2000). Taken from the assumptions, magnetic term in
equation (1) takes the form:

J � B ¼ r�½BoðU � BoÞ � UðBo � BoÞ� ¼ �r�B2
oU ð5Þ

The tensors stress T for Oldroyld 8-constant fluid (Ellahi et al.,
2008).

f ¼ F � �pI ð6Þ
The term I is tensor identity, p is the pressure and the external

stress F� satisfies

F� þ C1
DF
Dt þ C2

2 F�A1 þ A1F
�ð Þ þ C5

2 trF�ð ÞA1 þ C6
2 tr F�A1ð Þ½ �I ¼

l A1 þ C2
DA1
Dt þ C4A

2
1 þ C7

2 tr A2
1

� �h i
I

h i ð7Þ

and A1 ¼ LT1 þ L, L ¼ gradU
A1 depicts the first Rivlin-Ericksen tensor and

l;C1;C2;C3;C4;C5;C6 and C7 are the material constants. The con-
vected contra variant D=Dt of the flow is defined as

DF�

Dt
¼ U � rð ÞF� � LF� � F�LT1 ð8Þ

Oldroyld 8-constant of a non-Newtonian material for the con-
servation of mass, laminar and incompressible of linear momen-
tum balance is taken (Salawu et al., 2019b, 2020b):

divU ¼ 0 ð9Þ

q
dU
dt

¼ divxþ qb ð10Þ
3

In which bis the body force. The exothermic temperature equa-
tion for double steps combustible reaction is expressed as:

qCp
�
d T

�

dt
¼ x:Lþ k

d2 T
�

dy
�2 þ r�ðTÞB2

oU
2 þ Q1C1E1 þ Q2C2E2 ð11Þ

According to (Makinde et al., 2013; Salawu and Fatunmbi,
2020), the rate of reaction with branched chain term and activation
energy of Ef and Es is written as:

E1 ¼ Af
K T

�

vl

 !n

e
� Ef

R T
�E2 ¼ As

K T
�

vl

 !n

e
� Es

R T
� ð12Þ

Taking that the chemical reaction is not propelled by the fluid
momentum, with the assumptions above, the dimensionless equa-
tions for the hydromagnetic viscoelastic Oldroyd 8–constant and
double combustible heat distribution in a generalized Couette are
taken as

d2u
dy2

þ G�M uþ kð Þhmð Þ 1þ w2
du
dy

� �2
" #2

þ 3w1 � w2ð Þ þ w1w2
du
dy

� �2
" #

d2u
dy2

¼ 0 ð13Þ

d2h
dy2

þ Br
1þ w1

du
dy

� �2
1þ w2

du
dy

� �2
0
B@

1
CA du

dy

� �2

þM uþ kð Þ2hm
2
64

3
75

þ b 1þ ehð Þn e
h

1þehð Þ þue
rh

1þehð Þ
� �h i

¼ 0 ð14Þ

The boundary conditions are taken as:

uð0Þ ¼ 0;
dhð0Þ
dy

¼ Bihð0Þ; dhð1Þ
dy

¼ �Bihð1Þ; uð1Þ ¼ 1 ð15Þ

(Salawu and Fatunmbi, 2020; Salawu and Ogunseye, 2020) give
the current density and total current produced in reactive hydro-
magnetic exothermic combustible system. Current density is the
measure of electric current passing through per unit value of a
cross sectional area A=m2

� �
. The current density and total current

produced in the hydromagnetic exothermic flow system are given
as:

Current density : J ¼ uþ kð Þ2hm ð16Þ

Total current produced : Lp ¼
Z 1

0
uþ kð Þ2hmdy ð17Þ

The value of M can only be zero i:e M ¼ 0ð Þ if the formation of
short electric circuit in the loading electric field is not available.

The term w1 and w2 which stand for the Oldroyd fluid with the
nonlinear derivatives in equations (13) and (14) are defined as:

wf ¼ C1ðC4 þ C7Þ � ðC3 þ C5ÞðC4 þ C7 � C2Þ � C3C7

2
ð18Þ

ws ¼ C1ðC3 þ C6Þ � ðC3 þ C5ÞðC3 þ C6 � C1Þ � C5C6

2

The variables described in equation (19) alongside with
equation (18) are utilized to obtain the boundary value
dimensionless non-Newtonian exothermic heat dependent flow
models (13)-(15).
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p
� ¼ lUp

a
; x
� ¼ ax; u

� ¼ uU; y
� ¼ ay; r ¼ Es

Ef
; T

�
¼ RT2

oh
Ef

þ To;

e ¼ RTo

Ef
; Br ¼ Ef u2l

KRT2
o

;

M ¼ roB
2
oa

2

l
; G ¼ � dp

dx
; d ¼ a2w1

U2 ; K ¼ a2w2

u2 ;

b ¼ Q1C1Af Ef a2

KRT2
o

KTo

v l

� �n

exp �1
e

� �

c ¼ Q2C2As

Q1C1Af
exp �1

e

� �
exp

1
e

� �
; k ¼ E�

BoU
:

3. Thermodynamic analysis of entropy generation

Using the adapted general formulation for the volumetric rate
of entropy generation provided by (Bejan, 1982; 1995;; Dalir
et al., 2015), we have

E�
g ¼

k

T2

d T
�

d y
�

 !2

þ l
To

d u
�

d y
�

 !2

ð20Þ

From equation (20), the first term is heat conduction due to
entropy generation while the second term is entropy generation
caused by viscous dissipation. The dimensionless form of equation
(20) is expressed as

Ns ¼ a2E2
f E

�
g

T2
okR

2

¼ dh
dy

� �2

þ Br
e

1þ w1
du
dy

� �2
1þ w2

du
dy

� �2
0
B@

1
CA du

dy

� �2

þM uþ kð Þ2hm
2
64

3
75 ð21Þ
3.1. Method of solution

The method of weighted residual via partition (Oderinu and
Aregbesola, 2012; Salawu and Okoya, 2020) is employed to solve
the resulting coupled boundary value equations (13), (14) and
(15) in order to investigate the effects of some physical parameters
associated with this work. In this article, trial functions in form of
polynomial is assumed for both velocity (u) in the momentum
equation and temperature (h) in the energy equation. That is:

u ¼
Xn
i¼0

aixi and h ¼
Xn
i¼0

bixi ð22Þ

where n is a fixed whole number, ai and bi are constants to be deter-
mined later.

Based on the procedure of the weighted residual method, where
the trial function must satisfy the boundary conditions, hence, the
boundary conditions in equation (15) is imposed on equation (22)
to give systems of linear equations in terms of ai and bi.

The residual equations to be minimized are obtained by substi-
tuting the trial functions into equations (13) and (14), which are
the reduced governing equations. These residuals have to be min-
imized to as close to zero as possible and the method of minimiza-
tion used in this article is partition where the domain between 0
and 1 depending on the boundary given, are subdivided into arbi-
trary subdomains at equal interval:

0� x1; x1 � x2; x2 � x3; ::::; xn � 1; where 0 < x1 < x2

< x3; :::::: < xn < 1: ð23Þ
4

The obtained residuals for u and h are then integrated within
the subdivided domains by Simpson 1

3 method (this is due to the
complexity involved in the direct integration) to give systems of
nonlinear equations in ai and bi. These sets of equations alongside
those ones obtained by imposing the trial functions on the bound-
ary conditions are then solved simultaneously with the aid of
Maple 18 mathematical software to obtain the constants. The con-
stants can then easily be substituted into the trial functions to give
the required solution. It is worthy to note that the number of con-
stants in the trial function must tally with the number of systems
of equations to be solved.
4. Results and discussion

For the comprehensive understanding of the results, implica-
tions and applications, in graphs and tables, the results are pre-
sented. The default values are taken from the existing theoretical
and experimental report as offered by (Makinde et al., 2013;
Salawu et al., 2020d). As a way of establishing the accuracy and
the consistence of the adopted semi-analytical method, a compar-
ison of the method with the Runge-Kutta numerical method is con-
sidered as seen in Table 1. The validation of the computed values
are taken, and found to be in a good quantitative and qualitative
agreement as offered in the table. Table 2 shows the reaction kinet-
ics (Sensitized, Arrhenius and Bimolecular) influence with different
parameters on the exothermic energy distribution. As found, a
variational rise in the parameters with corresponding increase in
the reaction kinetics are noticed to have enhanced the exothermic
energy reaction diffusion of the Oldroyd 8-constant fluid.

4.1. Oldroyd 8-constant flow velocity and temperature distributions

The impact of changing in some pertinent thermofluid terms on
the Oldroyd fluid flow rate and heat diffusion fields are demon-
strated in Figs. 2 to 10. The effect of dilatant term w1 and pseudo-
plastic term w2 on the non-Newtonian flow velocity are depicted in
Figs. 2 and 3. The dilatant term (Fig. 2) which defined the shear
thickness, increases the material viscosity correspondingly to the
rising shear strain rate, as such, the liquid molecular bond is
enhanced. As a result of the enriched shear thickness, there is
reduction in the flow velocity magnitude due to complete restric-
tion in the fluid particles motion. Meanwhile, the pseudoplastic
term in Fig. 3 causes overall weakening of the fluid material shear,
this thereby stimulates the bimolecular reaction kinetics that
resulted in rising flow rate. As observed, the fluid viscosity reduces
against the increasing shear rate by inspiring fluid particles colli-
sion. Therefore, the molecular reaction diffusion is encouraged
and the velocity field is increased. In Figs. 4 and 5, the impact of
increasing magnetic term M and electric field loading k on the flow
velocity magnitude is demonstrated. The magnetic term M stimu-
lates Lorentz force that resist free Oldroyd 8-constant molecular
collision, and in turn decreases the flow rate as depicted in Fig. 4.
While in Fig. 5, electric charge surrounds the current carrying
non-Newtonian fluid particles to exert a repelling force on the
other fluid charge fields which therefore causes the flow rate to
decline. The electric field loading is obtained from the magnetic
field with varying temperature dependent which encourages
attraction of chemical molecular bonding. Therefore, as the fluid
particle bonding attraction rises the velocity of the flowing Oldroyd
fluid decreases under the influence of wall cooling convection.

Temperature field for rising effect of different thermodynamic
physical parameters are shown in Figs. 6 to 9. The plot of hðyÞ
against the monotonically rise in the dependent variable for
increasing values of k;/;Br and b are presented. All the terms
served as a strong heat generation in a double exothermic reaction



Table 1
Computed results of comparison for partition weighted residual and numerical values.

y Partition weighted residual Numerical method Absolute error

u(y) hðyÞ u(y) hðyÞ u(y) hðyÞ
0.0 0 0.452225245 0 0.452226246 0 1:0� 10�6

0.1 0.118662009 0.472254754 0.118662876 0.472257789 7:7� 10�7 3:0� 10�6

0.2 0.232098414 0.487268101 0.232098074 0.487267510 3:4� 10�7 5:9� 10�6

0.3 0.340774726 0.497432978 0.340774783 0.497436707 5:7� 10�7 3:7� 10�6

0.4 0.445132725 0.502917850 0.445132443 0.502919248 2:8� 10�7 1:4� 10�6

0.5 0.545574855 0.503849610 0.545574007 0.503847640 8:5� 10�7 2:0� 10�6

0.6 0.642460989 0.500335153 0.642460755 0.500338552 2:3� 10�7 3:3� 10�6

0.7 0.736107053 0.492496350 0.736107890 0.492498354 8:4� 10�7 2:0� 10�6

0.8 0.826780171 0.480423150 0.826780903 0.480428260 7:3� 10�7 5:1� 10�6

0.9 0.914692126 0.464222759 0.914692520 0.464228845 3:9� 10�7 6:1� 10�6

1.0 1 0.444001888 1 0.444004283 0 2:4� 10�6

Table 2
Computed results for various chemical reaction kinetics.

k / r b � n ¼ �0:2 n ¼ 0:0 n ¼ 0:5

0.3 0.5 0.1 0.05 0.15 0.4965245384 0.4985521925 0.5038476406
0.07 0.2071857868 0.2078663006 0.2096081286
1.0 1.0996434736 1.1069700198 1.1270639685

0.1 0.4676754479 0.4691657242 0.4730380503
0.7 0.5109979317 0.5133154765 0.5193835467

0.5 0.5037101531 0.5059127614 0.5116787475
1.0 0.5152246075 0.5177355841 0.5243376394

0.01 0.3406546803 0.3404053897 0.3412919776
0.03 0.3881534321 0.3872483865 0.3904898354

0.1 0.4403091962 0.4390539862 0.4435423316
0.3 0.4364186776 0.4330745988 0.4454878485

Fig. 2. Velocity distribution for varying.w1.
Fig. 3. Flow rate profile for rising.w2.
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regime to increase the heat transfer and diffusion of Oldroyd 8-
constant reactive species. The electric field loading term k in
Fig. 6 emboldens Lorentz force that in turn boosted the fluid fric-
tion, therefore, heat source is stimulated by the viscous friction.
As detected, the temperature distribution in the convective med-
ium is enhanced. The impact of exothermic second step term / is
offered in Fig. 7 under the bimolecular kinetics for rising function
y: In the system, the combustion reaction is enthused by increasing
exothermic heat distribution as the second step term values is out-
5

stretched. As such, to reduce toxic discharge that pollute the envi-
ronment, double reaction diffusion in a combustive system should
be encouraged. Also, as realized in Fig. 8, Brinkman term Br
increases heat generation in the reactive system by breaking the
species molecular attraction force. The loss of species bonding
strength causes the fluid molecules to collide dynamically which
leads to rising stimulation of exothermic reaction. This thereby stir
molecular dispersion and causes cumulative temperature distribu-
tion. A consequential rise in the heat transfer is observed for



Fig. 4. Variation M on the fluid flow rate.

Fig. 5. Rising effect of k on the velocity field.

Fig. 6. Temperature field for rinsing k.

Fig. 7. Rising effect of / on the energy field.
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mounting Frank-Kamenetskii term b in Fig. 9. The term is known as
a robust heat source term in a combustion reaction that inspired
viscous heating and diffusion reaction. Therefore, the Frank
Kamenetskii term must be controlled and well checked to circum-
vent Oldroyd 8-constant reactive species solution blowup. Hence,
the temperature field upsurges with corresponding rise in the
computing values of the parameter b:
4.2. Entropy generation and current density profiles for different
parameters

The graphical results of the entropy generation for the energy
conservation and optimization, and the current density for the
magneto-Oldroyd 8-constant liquid are untaken in Figs. 10 to 17.
In Figs. 10 to 13, the thermodynamic second law has been used
to study the irreversibility processes due to energy loss in a
dynamical system that leads to entropy generation. The material
6

parameters w1 and w2 in Figs. 10 and 11 encourages irreversibility
process due to fluid flow friction and higher ambient heat
exchange that leads to increasing entropy generation in an
exothermic combustible reaction. Rising heat transfer occurs in
enabling optimal flow architecture which causes high energy diffu-
sion and dissipation to the surroundings, as such, an expanding
entropy profiles are observed. Therefore, lower measureable mate-
rial should be considered to improve convectional industrial out-
put and minimized energy decay. Due to the flow being driven
by pressure and finite temperature changes, the fluid molecule dis-
orderliness as a result of heat distribution across the flow regime is
augmented as the computational values of the second step reaction
/ and Frank-Kamenetskii b rises, see Figs. 12 and 13. The viscous
dissipation is amplified by the rising parameter values which



Fig. 8. Reaction of heat field to rising Br.

Fig. 9. Impact of b on the temperature field.

Fig. 10. Effect of w1 on the entropy generation.

Fig. 11. Irreversibility profile for rising w2.
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meaningfully raised the entropy magnitude and irreversibility of
lost energies. Close to the positive wall convective cooling, the
entropy is minimized. Meanwhile, near the middle of the Couette
device, entropy generation rises gradually towards the negative
upper convective cooling as heat loss is inspired close to the wall.
Hence, equal positive wall convective cooling needs to be encour-
aged to reduce entropy generation and curtail energy decay for
optimal industrial productions.

Nevertheless, the sensitivity of current density to variation in
the thermodynamic parameters along the monotonically rising
dependent function are revealed in Figs. 14 to 17. Flowing through
a unit cross sectional region, current density is an electromag-
netism that described the bulk of charge per unit time. From
Fig. 14, the impact of activation energy ratio r on the conducting
7

fluid current density is shown. The fluid species reaction occur
spontaneously as the ratio of the second to the first activation
energy is raised, this increase the exothermic reaction that in turn
outstretched the conducting fluid motion in the positive charges
direction. Therefore, the conducting molecule performance of the
thermodynamically non-Newtonian hydromagnetic liquid systems
are enhanced as the current density level is increased. The con-
ducting particles of the Oldroyd fluid second step combustion
increases the current density field as offered in Fig. 15. As the inte-
grated fluid particles are declined in size, in spite the lesser
demand in current by small fluid molecules, high current density
trend is observed to have higher fluid particles in a very small chip
areas. Hence, at high collisions, the fluid conducting area becomes
dominant close to the upper convective wall which raises the cur-



Fig. 12. Impact of various / on the entropy field.

Fig. 13. Entropy profile for different b.

Fig. 14. Current density for increasing r.

Fig. 15. Influence of / on the current density.
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rent density in this area. As such, the second step parameter /
encourages current density profile. Also, a rise in the computa-
tional value of Brinkman number Br and temperature dependent
electric current loading k cause substantial boost in the current
density distributions as depicted in Figs. 16 and 17. As noticed,
the conductivity strength of the fluid particles is enriched by the
increasing parameters, this thereby raises the current density.
The effect is so high, as such, finite positive molecular resistance
of electrical conductivity takes place which leads to high heat dis-
sipation. Therefore, current density should be kept at appropriate
quantity to prevent the fluid particles from melting by the conduc-
tors, or to have desirable fluid properties variation. Hence, the cur-
rent density magnitude rises as the heat source parameters is
upraised.
8

5. Conclusion

This study investigates the current density and entropy genera-
tion by thermodynamic second law of magneto-Oldroyd 8-
constant liquid with variable conductivity and convective cooling.
The exothermic two step reaction fluid is stimulated by chemical
kinetics and driven by pressure gradient in a generalized Couette
channel. Analytical solutions of the dimensionless model is taken
by partition weighted residual analytical procedures for which
the results quantitatively agreed with the numerical stimulation
method. As observed, the following are the summary of the results
found:



Fig. 16. Plot of current density for different Br.

Fig. 17. Rising k on the current density.
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� The dilatant term w1 increases the fluid viscosity by decreasing
the flow rate while pseudoplastic term w2 served as a monoton-
ically increase function for the flow reaction momentum.

� The material terms raises the thermodynamic equilibrium that
leads to reduce energy reversibility and in turn stirred the
entropy generation.

� All the energy equation terms serves as a good heat source by
strengthening the exothermic molecular heat distribution and
diffusion in the channel.

� The current density is enriched by an increase in r;/;Br and k
along the Couette medium that causes rising current carrying
conductivity for a bimolecular kinetics.
9

� The electric field loading and magnetic field increases the liquid
molecular bonding force that resulted in velocity field damping.

The outcome of this study will not only assist in improving ther-
modynamic equilibrium for energy conservation and combustion
process, but also compliment the previous studies in relation to
exothermic reaction. As such, the study can be extended to other
non-Newtonian liquids flow in a cylinder. Lastly, the solution pro-
cedures can serve as an operational tool in solving highly nonlinear
problem in engineering and sciences.
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