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Two-step Exothermic Chemical Reaction Through a Porous Channel
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Abstract
In this research, the transient analysis of radiative combustible viscous
chemical reactive two-step exothermic fluid flow past a permeable medium
with various kinetics i.e Bimolecular, Arrhenius and Sensitized are
investigated. The hydromagnetic liquid is influenced by a periodic vicissitudes
in the axial pressure gradient and time along the channel axis in the occurrence
of walls asymmetric convective cooling. The convectional heat transport at the
wall surfaces with the neighboring space takes after the cooling law. The
non-dimensional principal flow equations are computationally solved by
applying convergent and absolutely stable semi-implicit finite difference
techniques. The influences of the fluid terms associated with the momentum
and energy equations are graphically presented and discussed quantitatively.
The results show that the reaction parameter (𝜆) is very sensitive and it is
therefore needs to be carefully monitor to avoid systems blow up. Also, a rise
in the values of the second step term enhances the combustion rate and thereby
reduces the release of unburned hydrocarbon that polluted the environment.

Nomenclature
A1 , A2 : First and Second step reaction rate
a
: Channel of width, m
Bi : Biot number
B0 : Magnetic field strength, Wbm-2

P, p : Fluid pressure

C p : Heat capacity, Jkg-1K-1

m : Chemical kinetics
Pr : Prandtl number
Q1 , Q2 : First and secod step reaction heat term
: Radiation heat flux, Wm-2
q
Q0
: Heat generation coefficient, W
: Activation energy ratio
r
Tw
: Heat at the wall, K

E1 , E2 : First and Second step activation energy

T, T

Br : Brinkman number
C1 , C2 :First and Second step reactant species

G

H
k

R
K1
l

: Pressure gradient
: Hartmann number
: Thermal consuctivity, Wm-1K-1
: Universal gas constant
: Porosity parameter
: Planck’s number

: Fluid heat, K

u, u : Fluid momentum, m / s

v
: Vibration frequency
x, x : Direction of flow, m
Ra y, y : : Normal
Radiation
parameter
directional
flow
: Activation energy ratio
r

Greek symbols

: Heat sourec parameter
: Stefan-Boltzmann constant


: Activatioon energy
 : Porosity parameter
: Second step exothermic reaction

 : Frank-Kamenetskii term
: Fluid viscosity, kgm-1s-1

: Fluid density, kgm-3




:

Electrical conductivity, 

1. Introduction
In fluid mechanics, Poiseuille flow is a viscous,
laminar fluid flow in the space within fixed
surfaces. Poiseuille flow arises in fluid
mechanism without motioning parts. If the plate
surfaces are flat and smooth with unchanged
liquid characteristics, this result in the linear
simple flow profile, with a drag inversely
relative to the gap width and proportionate to the
relative velocity [1-4]. In several machines
operation and technology units under diverse
circumstance need different types of lubricants.
Commonly, lubricating oils viscosity frequently
reduces with a rise in temperature. The
difference in viscosity of the lubricant will
definitely impact its efficiency. To circumvent
unwanted changes in viscosity owing to heat, the
study of magnetic field and conducting liquids
has appealed to numerous scientists which
includes [5-9]. Electrical conductivity and high
thermal is attributed to hydromagnetic lubricants
with lesser viscosity than the conventional
lubricating oils. The heat produced by viscous
friction is freely conducted away with high
thermal conductivity but lower viscous property
reduces the amount of load-carrying that in turn
affect the electrical conducting of the fluid
which is possibly enhanced by applying
electromagnetic fields externally. Nevertheless,
ohmic heating as a result of electrical current
raises the lubricants viscosity. Many studies on
the hydrodynamic of lubricants in bearing cases
have been established as it can be see in examine
magnetic effects on hydrostatic bearing [10,11].
The study of hydromagnetic reactive fluid past
porous media with small Reynold’s number in
the occurrence of heat radiation has long

remained a subject of discussion in the area of
environmental science, biomedical, chemical
science and engineering. Also in extrusion of
polymer, groundwater movement, nuclear
reactor design, e,t,c. In line with its usefulnes,
the radiation impacts on the convection MHD
flow over permeable surface occupied with
porous media was investigated by [12,13]. The
studied of radiative hydromagnetic fluid flow
through walls considering the consequence of
energy and species transport on the flow was
examined by [14,15]. While, [6] studied
radiative oscillatory viscous mixed convection
current carry liquid. Analysis of thermal
runaway of convective boundary layers in a
saturated viscous reactive flow liquid past a
permeable channel was examined by [16,17].
Meanwhile, internal heating of a combustible
materials result in an impulsive eruption such as
manufacturing wool waste, fuel waste and coal
waste maybe seen as heat explosion materials
reported by [18-21]. In fact, assessment of the
main regimes through a regime splitting the area
of criticality and non criticality reactions is the
core theory of ignition see [22-25]. FrankKamenestkii initiated the mathematical setup for
the explosion model. The essential of two-step
exothermic combustion system can not be over
stress as a result of it assistance in aiding
complete hydrocarbon ignition is a system by
[26]. The process supports the reduction of the
toxic discharge from the automobile engines that
contaminant the atmosphere. In a slab, The
exothermic reaction of second step thermal
stability was reported in [27]. The authors
examined the diffusion reactant by taken the
pre-exponential variable index for steady and
unsteady state into consideration. Recently, the
problem of an unsteady radiative two step
exothermic chemical combustible, viscous,
reactive flowing fluid past porous media with
various kinetics was investigated by [28,29].
The authors got results to the problem by
coupled differential and Laplace transform.
The core concern in the analysis is to investigate
the flow transient incompressible hydromagnetic
fluid of a second step reaction moving past fixed
walls with asymmetric convective cooling and
uniform transverse magnetic field under diverse
kinetics. In section 2, flow model setup is
presented while in section 3, the adopted

numerical scheme is exploited in time and space
for the computation processes. In section 4, the
numerical solutions is established graphically
and well explained in references to the existing
fluid terms embedded in the problem.
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2. Model Formulation
Examine the incompressible transient viscous
flow in exothermic reactive hydromagnetic of
step two taking placed within static parallel
plates of width 𝑎. The flow is enhanced by the
influence of bimolecular chemical kinetic and
pressure. Taken that the flow is controlled by
magnetic field 𝐵0 applied externally. The upper
and lower surface of the plates are open to
exchange temperature with the surrounding heat.
The 𝑥 -axis is taken towards the walls center
while 𝑦-axis is assumed normal to it. The flow
geometry is presented in Fig. 1 and the model
equations controlling the velocity and heat re
defined as follows:
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The subsequent non-dimensional variables are
applied
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Following Rosseland approximation see [10],
the directional heat radiative flux can be
modeled in the form

Fig 1. The formulation geometry
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with applicable boundary conditions

where 𝑎𝑟 is the absorption mean coefficient. If
the heat difference in the liquid is of lower
quantity so that 𝑇 4 takes the linear temperature
arrangement form. Therefore, by Taylor series
expansion of 𝑇 4 for about 𝑇∞ , ignoring greater
order terms, is

T 4  4T3  3T4

(6)

Using the dimensionless parameters of eq. (4)
along with eq. (5) and (6) on eqs. (1)-(3), to
obtain
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Other dimensionless equations of concern are
the wall fluid friction (𝐶𝑓 ) and wall temperature
gradient (𝑁𝑢) gotten as

Cf 



( N 1)

The equation for 𝑢(𝑁+1) takes the form:

the resultant conditions is transformed to

u y,0  0, u1, t   0, u0, t   0,
T
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y

Cartesian mesh with unvarying grid in which the
finite differences are defined. Approximate the
spatial main and succeeding derivatives with
second order central differences, the boundary
conditions following the first and last grid points
used is integrated. The velocity component can
be express as follows:

(10)

Therefore, eqs. (7) to (10) are computationally
solved by the adopted numerical scheme.

where 𝑏1 = 𝜉Δ𝑡/Δ𝑦 2 and the derivatives of
time in forward difference schemes is taken.
Theefore, the 𝑢(𝑁+1) solution scheme chnages
to matices tri-diagonal inversion.
The semi-implicit expression for heat equation
takes after the flow rate equation defined.
Hence, the heat derivatives for the second order
is expressed as:
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3.0 Method of Solution

Then 𝑇 (𝑁+1) translate to:

The numerical procedure involved in the
velocity and heat equations is finite difference of
semi-implicit kind given by [30,31], the method
assume implicit terms in-between the interval
space (𝜉 + 𝑁) for 1 ≥ 𝜉 ≥ 0 . To make large
interval sizes, 𝜉 is assumed to be one. Actually,
being completely implicit, the embraced
computational procedure utilized in this study is
postulated to be suitable for all forms of interval
sizes. The equations are discretized on a linear
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where 𝑏2 = 𝜉Δ𝑡/Δ𝑦 2 . Also, the scheme system
for 𝑇 (𝑁+1) will reduces to inversion tridiagonal
matrices. The systems of eq. (9) and eq. (11)
were confirmed for regularity when 𝜉 = 1
allow large interval sizes of oder two in level but
exact in order one. As formerly taken, the
method satisfies all forms of values in time!
Maple softwar is adopted for the computational
solutions.

The initial reactive liquid temperature is
assumed equal to the heat at the wall, hence, the
term 𝑇𝑎 = 0. The following default parameters
values 𝜑 = 0.2 , 𝐵𝑟 = 1 , 𝐺 = 1 , 𝑚 = 0.5 ,
𝑃𝑟 = 7.0, 𝜆 = 2 , 𝑟 = 1 , 𝛾 = 1, 𝑡 = 5 , Ra =
0.5, 𝜀 = 1, 𝐻 = 1 and 𝛽 = 0.5 are used based
on existing theoretical research except otherwise
stated on the graph.

6. Results and Discussions
Table 1: The solutions criticality for various emerging terms
H
𝐵𝑟
𝑟
𝐵𝑖
𝐺
𝛾
𝜑
𝛽
𝑚
𝜀
𝜆𝑐
Ra
0.5

2.0

1.0

1.0

1.0

1.0 0.1

0.5

0.5

0.5

0.5

0.06543286595758994

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

3.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
2.0
3.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0

0.1
0.1
0.1
0.2
0.3
0.1
0.1
0.1
0.1

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.0
0.5

0.5
0.5
0.5
0.5
0.5
0.5
0.5
1.0
1.5

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.02643637641373641
0.14307817321101074
0.08463136436821836
0.14316085047224741
0.14324120784003946
0.13900376624897837
0.13519246785211794
0.13558848416143185
0.12885813171589758

Table 1 denotes the significant of emerging fluid
terms on the reactive two step heat criticality. A
rise in the terms 𝛾, 𝐵𝑟, 𝑄 and 𝑟 reduces the
Frank-Kamenettski critical values (𝜆𝑐 ) due to
the fact that the term causess delination in the
heat boundary layer that leads to rises in the heat
diffusing out of the system but revised is the
case with a rise in the term 𝜑 that resulted into
enhancement of Frank-Kamenettski critical
values (𝜆𝑐 ) because the term influences the rise
in the temperature of the system. The term 𝜆 is
a strong heat enhancement and it needs to be

carefully managed and guide because high
values of the term can cause solutions blow up
as seen in the table
Table 2 presents the system thermal ignition
with bimolecular kinetic occurs quicker than
Arrhenius and senstitized kinetics. This is
because the bimolecular reaction is assumed
with lower heat criticality value. A significant
rise is observed in the heat ignition with a
decline in the activation energy, hence heat
stability is encouraged with early decrease in the
thermal runaway.

Table 2: Comparison of numerical values for thermal explosion with various kinetics 𝐵𝑟 = 𝑅 = 𝐺 =
𝜑 = 𝛽 = 𝐺 = 𝐵𝑖 = 𝐻 = 0, 𝑃𝑟 = 1,
Makinde et al. (2015)
Current results
r
m
𝜀
𝛾
𝜃𝑚𝑎𝑥
𝜆𝑐
𝜃𝑚𝑎𝑥
𝜆𝑐
0.1
0.1
0.5 0.0
1.420243875
0.932216072
1.420244002
0.932216754
0.1
0.1
0.5 0.1
1.476474346
0.897649656
1.476473998
0.897648864
0.1
0.1
0.5 0.2
1.529465440
0.866522770
1.529465722
0.866523029
0.1
0.1
0.0 0.1
1.585899049
0.953645221
1.585898894
0.953644916
0.1
0.1 -0.2 0.1
2.320778138
1.282091040
2.320777965
1.282099988
0.1
0.5
0.5 0.1
1.467926747
0.880606329
1.467927112
0.880606809

0.1
0.2
0.3

1.0
0.1
0.1

0.5
0.5
0.5

0.1
0.1
0.1

1.420243875
1.905274235
3.046841932

The transient solutions for momentum and
energy distributions with finer even mesh (Δ𝑡 =
0.001 with Δ𝑦 = 0.001) are presented in Figs.
2 and 3. The plots denote a steady rise in both
the momentum and heat transfer rate till it
reaches a stable state. Therefore, as the time
increases the flow rate and energy transfer rate
in the channel is encouraged.
Fig. 4 denotes the temperature blow up for huge
values of 𝜆. It is important to note that
depending on some certain parameters values
under consideration, the stable momentum and
temperature fields as demostrated in Figs. 2 and
3 may be difficult to achieve. Most especially,
the reaction term 𝜆 which needs cautious
manage and guide because large values of it can
create solutions inflatable as displayed in the
Fig. 4. As depicted in the plot, the parameter 𝜆
is related to high heat source.
Fig. 5 represents the impact of differences in the
values of pressure gradient 𝐺 on the momentum
fields. A boost in the values of pressure gradient
enhances the flow rate in the system, that is the
highest velocity is experience as the parameter
values 𝐺 is increased which infers that the
enormous the pressure introduced on the liquid
flow in a channel, the quicker the flow as a
result of warmth in the fluid as the pressure is
increased. Fig. 6 depicts the influence of diverse
values of Hartmann number 𝐻 on the fluid
momentum. It is noticed that increasing the
values of magnetic field term 𝐻 enhances the
magnetic damping properties because of the
existent of the Lorentz force that leads to
amplification of the flow liquid resistances that
thereby slow down the reactive liquid motion.
Accordingly, the conducting fluid is driven by
the magnetic force, hence the fluid flow micro
scale system is induced by an electrical
conductivity. Therefore, the velocity profile
reduces.

0.847469156
0.968086041
1.074421454

1.420244097
1.905273899
3.046842131

0.847469561
0.968085638
1.074422119

Fig. 2. Transient state velocity profile

Fig. 3. Transient state htemperature profile

Fig. 4. Blow up bifurcation diagram for high (𝜆)

Fig. 5. Effects of (𝐺) on velocity
Fig. 7. Effects of (𝐵𝑟) on temperature
Fig. 7 illustrates the impact of Brinkman number
𝐵𝑟 on the energy field. It is seen that increasing
Brinkman number encourages the temperature
field. The term 𝐵𝑟 is associated with ohmic
heating in the termperature equation, and
consequently higher 𝐵𝑟 values causes an
enhancement in the temperature production by
the fluid shear stress which causing a rise in the
fluid energy within the system. Fig. 8 shows the
consequence of changing the exothermic second
step term values 𝛾 on the energy profiles. It is
observed that a rise in values of 𝛾 results to
substantial increase in the energy profiles. This
is due to rises in the thickness of the heat
boundary layer as the values of 𝛾 is boosted.
This then results in the reduction of the quantity
of heat leaving the system that in turn build up
the temperature field.

Fig. 6. Effects of (𝐻) on velocity

Fig. 9 confirms the influence of the term 𝜆 on
the heat profile. An increase in the FrankKamenetskii term 𝜆 enhances the heat
distributions in the system, this against the role
performed by the Prandtl number. Rising the
values of 𝜆 brings about an intensification in the
reaction as well as the ohmic heating terms, and
thus absolutely enhances the flow liquid
temperature as appeared in the Figure. The
momentous rises in the heat is because of an
increment in the parameter 𝜆 which implies that
the momentum fluid viscosity is encouraged and
consequently resulted into a rise in the heat field.
Fig. 10 portrays the influence of porosity
parameter 𝜑 on the momentum profile. It is
noticed from the plot that the flow fluid rate
diminishes as the porosity term rises. This is
because the surfaces of the plate provides a
supportive resistance to the fluid flow
mechanism which causes the reactive liquid to
motion at a slow rate. The effect is significant
because a boost in the porosity term values
discourages heat source terms that thereby
reduces the rate of heat transfer within the
system. The fluid particles collision rate
diminishe which then resulted in the overall
reduction of the flow velocity as seen in the
diagram.

and Sensitized on an increase in the activation
energy 𝜀 . It is obtained from the figures, a
noteworthy diminishing in the reactive liquid
heat as the values of the term 𝜀 rises for the
Bimolecular, Arrhenius and Sensitized kinetics
i.e at 𝑚 = 0.5,0, −2. However, the term defines
the source terms in the heat component.

Fig. 8. Effects of (𝛾) on temperature

Fig. 11. Effects of (𝜀) on temperature when
𝑚 = −2

Fig. 9. Effects of (𝜆) on temperature

Fig. 12. Effects of (𝜀) on temperature when
𝑚=0

Fig. 10. Effects of (𝜑) on velocity
Figs. 11-13 independently show the response of
the temperature field to differences in the
kinetics 𝑚 that is, the Bimolecular, Arrhenius

Fig. 13. Effects of (𝜀) on temperature when
𝑚 = 0.5
The influences of varying the radiation on the
energy distributions is reported in Fig. 14. It is
noticed that as the parameter values of 𝑅 is
increases, there is corresponding rises in the
temperature profiles that leads to a rise in the
thickness of the temperature boundary layer. The
plot shows that a rise in the term 𝑅, encourages
the thickness of the temperature boundary layer
that turns to enhance the heat field and slow
down the coefficient of heat gradient at the wall.
Fig. 15 illustrates the reaction of the fluid
temperature to variational rise in the heat
generation parameter 𝛽 . As noticed in the
diagram, rising in the heat source increases the
heat distribution in the channel due to a rise in
the temperature boundary layer that enhances
the amount of heat within the chemical reactive
system.

Fig. 15. Effects of (𝛽) on velocity
Figs. 16 and 17 portrays the difference in the
wall shear stress with increasing in the term 𝐺
values and Hartmann number 𝐻 depending on
the reaction term 𝜆. An early rise and fall are
respectively noticed as the values of the terms 𝐺
and 𝐻 increases near the channel wall. But, a
revised in the behaviour is observed as they
respectively moves far away from the wall at
𝜆 ≥ 0.5 towards the free flow.

Fig. 16. Wall shear stress with variation in (𝜆)
and (𝐺)

Fig. 14. Effects of ( Ra ) on temperature

Fig. 17. Wall shear stress with variation in (𝜆)
and (𝐻)

Fig. 19. Wall heat transfer with variation in (𝛾)
and (𝜀)

Figs. 18 and 19 represent the wall heat gradient
rate with variational rises in the parameters
value 𝛽 and 𝜀 depending on the second-step
exothermic chemical reaction term 𝛾 . Follow
from the plots, a gradual rise in the wall heat
gradient from a very lower state is seen between
0 ≤ 𝛾 ≤ 0.5. While, a conversed behaviour is
obtained in the solutions at finite time
temperature. Hence, the rate at which energy
transfer in a two-step chemical reactive at the
wall decreases at 𝛾 ≥ 0.5 for a free reactive
flow.

Conclusion
The unsteady exothermic reactive two step fluid
flow pass permeable static channel with
asymmetry convective cooling is examined in
the present of magnetic field. The governing
non-dimensional flow and energy equations
were solved by applying a convergent and
consistence finite difference of semi implicit
scheme. From the studied, it is noticed that the
heat content in the reactive system decreases for
all the kinetics i.e the Bimolecular, Arrhenius
and Sensitized chemical kinetics for variational
rises in the activation energy. The decrease in
the heat is because the heat source terms
decreases as the activation energy term rises.
The magnetic field reduces the flow and as it
helps in avoiding unwanted changes in the fluid
viscosity as a result of high heat. The magnetic
field effect is as a result of Lorentz force that
dragged the reactive flow fluid. Eectrical
conductivity and high thermal is credited to
hydromagnetic lubricants with lesser viscosity
than the conventional lubricant oils. More also,
reactive exothermic second step term 𝛾 shows
a substantial increase in the heat distribution
which demostrates a total ignition of unburned
hydrocarbon in the reaction system. Moreover,
small rise in the Frank-Kamenetskii term 𝜆 can
cause thermal criticality. Hence, the reaction
parameter 𝜆 is very sensitive to an increase and
it is therefore needs to be carefully monitor to
avoid blow up of the solutions.

Fig 18. Wall heat transfer with vatiation in (𝛾)
and (𝛽)
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