Chapter 15

Effect of First Order Chemical Reaction

on Magneto Convection in a Vertical Double
Passage Channel

J. Pratap Kumar, Jawali C. Umavathi, Prashant G. Metri
and Sergei Silvestrov

Abstract The objective of this paper is to study magneto-hydrodynamic flow in a
vertical double passage channel taking into account the presence of the first order
chemical reaction. The channel is divided into two passages by means of a thin,
perfectly conducting plane baffle and hence the velocity will be individual in each
stream. The governing equations are solved by using regular perturbation technique
valid for small values of the Brinkman number and differential transform method
valid for all values of the Brinkman number. The results are obtained for veloc-
ity, temperature and concentration. The effects of various dimensionless parameters
such as thermal Grashof number, mass Grashof number, Brinkman number, first
order chemical reaction parameter, and Hartman number on the flow variables are
discussed and presented graphically for open and short circuits. The validity of solu-
tions obtained by differential transform method and regular perturbation method are
in good agreement for small values of the Brinkman number. Further the effects of
governing parameters on the volumetric flow rate, species concentration, total heat
rate, skin friction and Nusselt number are also observed and tabulated.
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15.1 Introduction

Magneto-hydrodynamics (MHD) is the branch of continuum mechanics which deals
with the flow of electrically conducting fluids in electric and magnetic fields. Many
natural phenomena and engineering problems are worth being subjected to an MHD
analysis. Magneto-hydrodynamic equations are ordinary electromagnetic and hydro-
dynamic equations modified to take into account the interaction between the motion
of the fluid and the electromagnetic field. The formulation of the electromagnetic
theory in a mathematical form is known as Maxwell’s equations.

The flow and heat transfer of electrically conducting fluids in channels and
circular pipes under the effect of a transverse magnetic field occurs in magneto-
hydrodynamic (MHD) generators, pumps, accelerators and flow meters and have
applications in nuclear reactors, filtration, geothermal systems and others. The inter-
est in the outer magnetic field effect on heat-physical processes appeared seventy
years ago. Research in magneto-hydrodynamics grew rapidly during the late 1950s
as a result of extensive studies of ionized gases for a number of applications. Blum
et al. [1] carried out one of the first works in the field of heat and mass transfer in the
presence of a magnetic field. Many exciting innovations were put forth in the areas
of MHD propulsion [5], remote energy deposition for drag reduction [32], plasma
actuators, radiation driven hypersonic wind tunnel, MHD control of flow and heat
transfer in the boundary layer [2, 23, 24, 39], enhanced plasma ignition [11] and
combustion stability. Extensive research however has revealed that additional and
refined fidelity of physics in modeling and analyzing the interdisciplinary endeavor
are required to reach a conclusive assessment. In order to ensure a successful and
effective use of electromagnetic phenomena in industrial processes and technical
systems, a very good understanding of the effects of the application of a magnetic
field on the flow of electrically conducting fluids in channels and various geometric
elements is required.

The present trend in the field of chemical reaction analysis is to give a mathematical
model for the system to predict the reactor performance. Much research was being
carried out across the globe. The study of heat and mass transfer with chemical
reaction is given primary importance in chemical and hydro-metallurgical industries.
A study on chemical reaction on the flow past an impulsively started vertical plate with
uniform heat and mass flux was made by Muthucumaraswamy and Ganesan [21].
The same type of problem with inclusion of constant wall suction was studied by
Makinde and Sibanda [17]. Fan et al. [6] studied the same problem over a horizontal
moving plate. Kandasamy and Anjalidevi [10] investigated the effect of chemical
reaction of the flow over a wedge. Sattar [29] investigated the effect of free and
forced convection boundary layer flow through a Porous medium with large suction.
Atul Kumar Singh [30] analyzed the MHD free convection and mass transfer flow
with heat source and thermal diffusion. Recently Prathap Kumar et al. [12—-16] have
studied Taylor dispersion of solute for immiscible fluids for viscous and for composite
Porous media.



15 Effect of First Order Chemical Reaction ... 249

Umavathi [33] studied the combined effect of viscous and applied electrical field
in a vertical channel. Later Umavathi and her group analyzed magneto-hydrodynamic
flow and heat transfer for various geometries [18-20, 34-38]. Yao [41] studied the
natural convection heat transfer from isothermal vertical wavy surfaces, such as
sinusoidal surfaces. Rees and Pop [27] examined the natural convection flow over a
vertical wavy surface with constant wall temperature in Porous media saturated with
Newtonian fluids. Hossain and Rees [8] studied the heat and mass transfer in natural
convection flow along a vertical wavy surface with constant wall temperature and
concentration for Newtonian fluid. Cheng [3] presented the solution of heat and mass
transfer in natural convection flow along a vertical wavy surface in Porous medium
saturated with Newtonian fluid.

When the channel is divided into several passages by means of plane baffles, as
usually occurs in heat exchangers or electronic equipment, it is quite possible to
enhance the heat transfer performance between the walls and fluid by the adjustment
of each baffle position and strength of separate flow streams. In such configurations,
perfectly conductive and thin baffles may be used to avoid significant increase of the
transverse thermal resistance. Chin-Hsiang et al. [4] studied the thermal character-
istics of hydro dynamically and thermally fully developed flow in an asymmetrical
heated horizontal channel, which is divided into two passages (by means of a baffle)
for two separate flow streams. Salah El-Din [28] studied analytically, the laminar
fully developed combined convection in a vertical double passage channel with dif-
ferent wall temperature and concluded that heat transfer in the channel is affected
significantly by the baffle position.

The differential transformation method (DTM) is a numerical method based on
a Taylor expansion. This method constructs an analytical solution in the form of
a polynomial. The concept of differential transform method was first proposed and
applied to solve linear and nonlinear initial value problems in electric circuit analysis
by Zhou [42]. Unlike the traditional high order Taylor series method which requires
a lot of symbolic computations, the differential transform method is an iterative pro-
cedure for obtaining Taylor series solutions. This method will not consume too much
computer time when applying to nonlinear or parameter varying systems. But, it is
different from Taylor series method that requires computation of the high order deriv-
atives. The differential transform method is an iterative procedure that is described by
the transformed equations of original functions for solution of differential equations.
This method is well addressed in [9, 22, 25, 26, 40].

Keeping in view the practical applications where there is a requirement of enhance-
ment of heat transfer by inserting a baffle and the effects of chemical reaction, it is
the aim of this paper to understand the flow nature by inserting a baffle in a vertical
channel filled with chemically reacting conducting fluid.
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15.2 Mathematical Formulation

Consider a steady, two-dimensional laminar fully developed free convection flow
in an open ended vertical channel filled with purely viscous electrically conducting
fluid. The x-axis is taken vertically upward, and parallel to the direction of buoyancy,
and the y-axis is normal to it. A uniform magnetic field is applied normal to the
plates and uniform electric field is applied perpendicular to the plate. The thermal
conductivity, dynamic viscosity, thermal and concentration expansion coefficients
are considered as constant. The Oberbeck-Boussinesq approximation is assumed to
hold and for the evaluation of the gravitational body force, the density p is assumed to
depend on temperature according to the equation of state (o = po(1 — B(T — Tp))).
It is also assumed that the magnetic Reynolds number is sufficiently small so that the
induced magnetic field can be neglected and the induced electric field is assumed to be
negligible. Ohmic and viscous dissipations are included in the energy equation. The
flow is assumed to be steady, laminar and fully developed. The walls are maintained
at constant but different temperatures. The channel is divided into two passages by
means of thin, perfectly conducting plane baffle and each stream will have its own
pressure gradient and hence the velocity will be individual in each stream. After
inserting the baffle, the fluid in Stream-I is concentrated.

The governing equations for velocity, temperature and concentration are

Stream-1I

dP  d*U,
P8P (Ty = Twa) + pghe(Cr — Co) — = + 1—r = 0e(Eo + BoU1)Bo = 0,
(15.1)
CTy v (W) % gy =0 (15.2)
ay? " aC, \ dy apC, TV T '
d*C,
D=5 —KiCi =0, (15.3)
Stream-II
P d*U,
p8Br(Ty — Twy) — x THh e 0e(Ey + BoU2)By = 0, (15.4)
&1, v (dU\ o,
— +— == Eo+ BoU —2)* =0, 15.5
dY2+osz(dY) apc, Eot Bl = 2) (153)

which are subject to the boundary conditions on velocity, temperature and concen-
tration as

U =0, T1=TWIIO,C=C1 at Y = —h,
UQZO, T]ZTWZZO, at Y:h,
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dr,  dr
L_22 c—cavy=r (156

U :O,U :O,TZT,_
1 2 1 2 Y Y

Introducing the following non-dimensional variables in the governing equations
for velocity temperature and concentration as

U, T, — T, ATH?
w=0 g Lizlhe o 8Pr8TH (50
Ul Tw1 _TW2 2
— —2
. ACH? C—-C Uih U
Gc:g'B , ¢1 = 0 Re=-—", Br= l'u,
U2 C1 —C() v kAT
. Y h* dp
Y =7 P= =7 AT:TWZ_ Wi
h nUq dX
B2h?
ACzC]_COvYZXvMZZU 0 5
h U
E() k|h2 C2_C0
E = -, 0= ——,n= .
Bou1 D Cl —C()

one obtains the momentum, energy and concentration equations corresponding to
Stream-I and Stream-II as

Stream-I 2
u
i ROy + GRegy —p — M(E+ ) =0, (15.8)
de dui \?
e ((5E) +ME+w?) =0, (159)
dy2 dy
d2¢1 2
o a’¢r =0, (15.10)
Stream-I1
d2u2 2
2 T ORrO —p— M (E +u) =0, (15.11)
y
d’e dur \ 2
2 ((22) + M E+uw)? ) =0, (15.12)
dy2 dy

which are subject to the boundary conditions

=0 6=1¢ =1, at y=—1,  (15.13)
u=0,6,=0 at y=1,
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do deo
MIZO, M2=Ov 912929 _1=_2s (»bl:n at yzy*’
dy  dy

where GRy = % and GR¢c = %.

15.3 Solutions

Solution of (15.10) using boundary condition (15.13) becomes

¢1 = By cosh(ay) + B; sinh(ay). (15.14)

15.3.1 Perturbation Method

Equations (15.8), (15.9), (15.11) and (15.12) are coupled non-linear ordinary dif-
ferential equations. Approximate solutions can be found by using the regular per-
turbation method. The perturbation parameter Br is usually small and hence regular
perturbation method can be strongly justified. Adopting this technique, solutions for
velocity and temperature are assumed in the form

wi(y) = uio(y) + Brui (v) + Brrup(y) + - -, (15.15)
6:(y) = i (y) + Bréy(y) + Briop(y) + - - - . (15.16)

Substituting (15.15) and (15.16) in (15.8), (15.9), (15.11) and (15.12), and equating
the coefficients of like power of Br to zero and one, we obtain the zero and first order
equations as

Stream-I

Zeroth order equations

d*u

dy210 + GRrb19 + GRcgy — p — M*(E + uyo) = 0, (15.17)

d*o
0 —o. (15.18)

dy?

First order equations
dzu“ 2
+ GR70611 — M*u;; =0, (15.19)
dy?

Tb = Tl (Z) + Esz(Za t)v
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d*6; dup\’ ) 2
—_— M (E =0.
e + (dy) + M~(E + uj)
Stream-I1

Zeroth order equations

d2u20 2
5 + GRyby —p — M~ (E +ux) =0,
dy
d*0y _o.
dy?

First order equations

d2M21
dy?

d*6,; dury\* ) 2
D — M (E =0.
e + ( e ) + M~(E + ux)

The corresponding boundary conditions reduces to
Zeroth order

+ GRyby —p — M*(E + uy) =0,

up=0,0p=1, =1 at y=—1,
Uy =0, 6o =0 at y=1,

=0, up=0, g =6, — = ——, ¢y =n at y=y".
dy dy

First order

u”:O, 911:0 at y:—l,

u =0, 6, =0 at y=1,

do do
U =0, ty =0, 0 =6y, — = —2 ¢ =n at y=y"
dy dy
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(15.20)

(15.21)

(15.22)

(15.23)

(15.24)

(15.25)

(15.26)

The solutions of the zeroth and first order Eqgs. (15.17)-(15.24) using the boundary

conditions as in (15.25) and (15.26) become
Zeroth-order solutions
Stream-I
010 = 21y + 22,

(15.27)

uy9 = Ay cosh(My) + A, sinh(My) + r; + rpy 4 r3 cosh(ay) + r4 sinh(ay).

(15.28)
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(c)

Fig. 15.1 Velocity profiles for different values of thermal Grashof number GRy at a y* = 0.8,
by*=0,cy*=0.8

Stream-I1
620 = z3y + 24, (15.29)

upy = Az cosh(My) + Ay sinh(My) + rs + rey. (15.30)

First order solution
Stream-1

011 = E1 + Eay + qy* + @2y + 3" + qacosh(ay) + (15.31)
~+g¢5 sinh(ay) + g6 cosh(Qay) + g7 sinh(2ay) + gg cosh(2My) +
+qo sinh(2My) + g1 cosh(My) + q11 sinh(My) + q12y cosh(My) +
+413y sinh(My) + g4y cosh(ay) + q15y sinh(ay) + g16 cosh(a + M)y +
+qg17 cosh(a — M)y + q1g sinh( + M)y + g9 sinh(o¢ — M)y,
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Fig. 15.2 Temperature profiles for different values of thermal Grashof number GRr at
ay*=0.8,by*=0,cy*=0.8

uy; = E3cosh(My) + E4 sinh(My) + Hy + Hyy + H3y2 + (15.32)
+H.,y* + Hsy* + Hg cosh(ay) + Hy sinh(ay) +
+Hg cosh(2ay) + Hy sinh(Qay) + H,o cosh(2My) +
+H; sinh(2My) + Hi,y cosh(My) 4+ Hj3y sinh(My) +
+H4y cosh(ay) + Hysy sinh(ay) + Hig cosh(o + M)y +
+Hy7 cosh(a — M)y + Hig sinh(a + M)y + Hyg sinh(a — M)y +
+Haoy? cosh(My) + Hyy* sinh(My).
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(c)
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Fig. 15.3 Velocity profiles for different values of concentration Grashof number GRc at

ay*=-08,by* =0,cy*=0.8

Stream-II

021 = Es + Egy + F1y* + F2y’ + Fay* +
+F4 cosh(2My) + F5 sinh(2My) + Fg cosh(My) +
+F7 sinh(My) + Fgy cosh(My) + Fgy sinh(My),

up1 = E7 cosh(My) + Eg sinh(My) +
+Hy + Hysy + Hosy* + Hasy® + Hoey' +
+H>7 cosh(2My) + H,g sinh(2My) + Hygy cosh(My) +

+Hzgy sinh(My) 4+ Hz;y* cosh(My) 4+ Hzyy?* sinh(My).

The dimensionless total volume flow rate is given by

Qv = Qv + Quy,

(15.33)

(15.34)

(15.35)
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Fig. 15.4 Temperature profiles for different values of concentration Grashof number GR¢ at

ay*=-08,by* =0,cy*=0.8

where

Vv 1
Oovy =/ udy, szz/ urdy.
1 y*

The dimensionless total heat rate added to the fluid is given by

E = Hg, + Hg,,

v 1
HE] = / u191dy, I‘IE2 = / uzezdy.
The dimensionless total species rate added to the fluid is given by

Cs = Cs; + Csa,

(15.36)

(15.37)

(15.38)

(15.39)
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Fig. 15.5 Velocity profiles for different values of Brikman number Br at a y* = —0.8,
by*=0,cy*=0.8

where

%

¥ 1
Cs) =/ uirdy, Cs; =/ urPody. (15.40)
1 y*

15.3.2 Basic Concept of Differential Transform Method

The analytical solutions obtained in Sect. 15.3.1 are valid only for small values of
Brinkman number Br. In many practical problems mentioned earlier, the values of Br
are usually large. In that case analytical solutions are difficult, and hence we resort to
semi-numerical-analytical method known as Differential Transform Method (DTM).

The general concept of DTM is explained here: The kth differential transformation
of an analytical function F (k) is defined as (Zhou [42])

1 [d"f(n)
Hm:ﬁ[dﬁ]%m’ (15.41)
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(c)

259

Fig.15.6 Temperature profiles for different values of Brikman number Br ata y*

cy*=0.38

and the inverse differential transformation is given by

f) =D Fk)(n—no)*.

Combining (15.41) and (15.42)

— o)k d*f (n)

k! dk |'7 Mo *

f) = ZF(k)

= —0.8,by* =0,

(15.42)

(15.43)

From (15.42), it can be seen that the differential transformation method is derived
from Taylor’s series expansion. In real applications the sum ) ., F (k) (1 — no)k is
very small and can be neglected when £ is sufficiently large. So f (17) can be expressed

by a finite series, and (15.42) may be written as
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Fig. 15.7 Velocity profiles for different values of chemical reaction parameter « at a y* = —0.8,
by*=0,cy*=0.8

fo) =D Fk)n—no)t, (15.44)

k=0

where the value of k£ depends on the convergence requirement in real applications
and F (k) is the differential transform of £ (n).

15.4 Results and Discussion

The velocity, temperature and concentration fields for an electrically conducting fluid
in a vertical double passage are presented in Figs. 15.1, 15.2, 15.3, 15.4, 15.5, 15.6,
15.7, 15.8, 15.9, 15.10, 15.11, 15.12 and 15.13. The channel is divided into two
passages by inserting a thin perfectly conducting baffle. The fluid is concentrated in
passage one only after inserting the baffle. The basic equations are solved by using
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Fig.15.8 Temperature profiles for different values of chemical reaction parameterw atay* = —0.8,
by*=0,cy*=0.8

regular perturbation method valid for small values of Br. The Brinkman number is
exploited as a perturbation parameter. To understand the fluid nature for large values
of Brinkman number, the coupled nonlinear ordinary differential equations are solved
by DTM which is a semi-numerical-analytical method. The case E = 0 corresponds
to short circuit and E # 0 corresponds to the open circuit case. The values of thermal
Grashof number, mass Grashof number, Brinkman number, pressure gradient, first
order chemical reaction parameter, wall concentration ratio, and Hartman number
are fixed as 5, 5, -5, 0.5, 1, 4 for open circuit (E = —1) for all the graphs and tables
except the varying parameter.

The effect of thermal Grashof number GRy (ratio of thermal Grashof number
to Reynolds number) on the velocity and temperature fields is shown in Figs. 15.1
and 15.2 at three different baffle positions (y* = —0.8, 0, 0.8) keeping the left
wall at higher temperature. It is observed from Figs. 15.1 and 15.2 that the velocity
and temperature increases at all the baffle positions as the thermal Grashof number
increases. However when the baffle is placed near left wall the maximum point of
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Fig. 15.9 Concentration profiles for different values of chemical reaction parameter o at
ay*=-0.8,by*=0,cy*=0.8

velocity is in Stream-II, when the baffle is placed near the centre of the channel and
near the right wall, the maximum point of velocity is in Stream-I. It is also seen
from Fig. 15.1 that the velocity profiles in both the passages are not equal though
there is a no-slip condition at the walls and near the baffle. One can infer this result
as, the thermal Grashof number increases as the buoyancy force increases and the
wall conditions on temperature are not equal (left wall is at higher temperature when
compared to right wall). It is seen from Fig. 15.2 that the temperature profiles look
similar at all the baffle positions. This is due to the reason that the temperature and
heat flux are considered as continuous at the baffle positions. The optimum value
of temperature is seen in Stream-II for the baffle position near the left wall and in
Stream-I when the baffle position is near the right wall.

The effect of mass Grashof number GR¢ (ratio of mass Grashof number to
Reynolds number) on the flow is shown in Figs. 15.3 and 15.4 at all baffle posi-
tions. The increase in mass Grashof number increases the velocity and temperature
fields in both the streams at all the baffle positions. The enhancement of velocity is
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Fig. 15.10 Velocity profiles for different values of Hartmann number M at a y* = —0.8,b y* =0,
cy*=0.8

significant in Stream-I when compared to Stream-II. The reason for this nature is
that fluid is concentrated only in Stream-I. It is viewed from Fig. 15.4b that though
the fluid is not concentrated in Stream-II there is a slight increase in the velocity
field when the baffle is positioned near the centre of the channel. This is because
of the conditions imposed on temperature and heat flux. That is to say that, there is
heat transfer from Stream-I to Stream-II and there is no mass transfer from Stream-I
to Stream-II. However due to transfer of heat from Stream-I to Stream-II results in
increase in thermal and concentration buoyancy forces and hence enhancement of
velocity in small magnitude is observed in Stream-II as GR¢ increases. There is no
effect of GR¢ in Stream-1I when the baffle is positioned near the left and right walls.
Similar results were also observed by Fasogbon [7] for regular channel in the absence
of baffle. From Fig. 15.4a it is seen that the temperature does not vary significantly
in both the streams as GR¢ increases when the baffle is positioned near the left wall.
However its influence is dominated in Stream-I when the baffle is placed in the centre
of the channel and near the right wall.
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Fig. 15.11 Temperature profiles for different values of Hartmann number M at a y* = —0.8,

by*=0,cy*=0.8

As the Brinkman number increases, the velocity and temperature increases in both
streams at all baffle positions as seen in Figs. 15.5 and 15.6, respectively. One can
infer this nature is due to the fact that increase in Brinkman number increases the
viscous dissipation and hence increases the temperature, which in turn influences the
velocity field. Here also temperature profiles looks similar at all baffle positions.

The effect of the first order chemical reaction parameter ¢, on the velocity, temper-
ature and concentration fields is observed in Figs. 15.7, 15.8 and 15.9, respectively.
As «o increases the velocity and temperature decreases in Stream-I and does not
influence in Stream-II. This is due to the fact that the fluid in Stream-I is concen-
trated. At any position of the baffle the effect of « is to minimize the concentration
field. Figure 15.9 shows the concentration profiles when the baffle is positioned at
y* = —0.8, 0, 0.8 and respectively. Similar results were also observed by Srinivas
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Fig. 15.12 Velocity profiles for different values of electric field load parameter E at a y* = —0.8,
by*=0,cy*=0.8

and Muturaj [31] for mixed convective flow in a vertical channel in the absence of
baffle.

The effect of Hartman number M on velocity and temperature field is shown in
Figs. 15.10 and 15.11, respectively at three positions of the baffle. As the Hartman
number M increases velocity decreases in both streams at different positions of the
baffle for open circuits. The Hartman number M represents the ratio of the Lorentz
force to the viscous force, implying that the larger the Hartman number, the stronger
the retarding effect on the velocity field. Hence as Hartman number M increases
the velocity decreases at all baffle positions. Further, as the width of the passage
increases, the velocity profiles are flattened. Hence the velocity profiles are wider in
Stream-II when the baffle is placed near the left wall, in Stream-I when the baffle is
placed near the right wall and narrow when the baffle is placed in the centre of the
channel. The temperature profiles are also reduced as the Hartman number increases
in both the streams when the baffle is positioned at the centre and at the right wall. The
temperature decreases as M increases at M = —0.5 (approximately) and onwards,
where as it increases in Stream-1. This nature can be inferred as when the baffle is near
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Fig. 15.13 Temperature profiles for different values of electric field load parameter
Eatay*=-0.8,by*=0,cy*=0.8

the right wall, which is at higher temperature, is not much influenced by the retarding
effect of the Lorenz force. Further one can also observe that the temperature profile
is wider in Stream-I when the baffle is placed near the right wall when compared to
the baffle positioned in the centre of the channel.

The effect of the applied electric field E on the velocity and temperature is dis-
placed in Figs. 15.12 and 15.13, respectively for both open and short circuits. The
effect of negative E is to add the flow while the effect of positive E is to oppose
the flow as compared to the case for the short circuit. Since the direction of flow
is reversed by changing the values of E, the results can be applied to the practical
problem where there is a requirement of reversal flow. The temperature increases
as the electric field load parameter increases in both passages at all baffle positions.
However, the magnitude of temperature is large for positive E when compared to
negative E. Here also the temperature profiles are flat in wider passage. The effect of
Hartman number and electric field load parameter on the flow show similar results
as observed by Umavathi [33] in the absence of baffle and the first order chemical
reaction.
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Table 15.1 Comparison of velocity and temperature with Br = 0 and y* = 0.0

y Velocity Temperature
DTM PM % of Error (%) | DTM PM % of Error (%)

-1 0 0 0.00 1.000000 | 1.000000 | 0.00
-0.75 1.204365 |1.204365 | 0.00 0.875000 |0.875000 | 0.00
-0.5 1.550479 |1.550479 | 0.00 0.750000 | 0.750000 | 0.00
-0.25 1.168996 |1.168996 | 0.00 0.625000 |0.625000 | 0.00
0 0 0 0.00 0.500000 | 0.500000 | 0.00
0 0 0 0.00 0.500000 |0.500000 | 0.00
0.25 0.707605 |0.707605 | 0.00 0.375000 |0.375000 | 0.00
0.5 0.901861 |0.901861 | 0.00 0.250000 |0.250000 | 0.00
0.75 0.672236 |0.672236 | 0.00 0.125000 |0.125000 | 0.00
1 0 0 0.00 0 0 0.00

Table 15.2 Comparison of velocity and temperature with Br = 0.05 and y* = 0.0

y Velocity Temperature
DTM PM % of Error (%) | DTM PM % of Error (%)

-1 0 0 0.00 1.000000 | 1.000000 0.00
—0.75 1.277758 |1.247721 | 3.00 1.036972 | 0.971676 6.53
—0.5 1.665603 |1.618226 | 4.74 1.019641 |0.907179 | 11.25
—0.25 1.269718 |1.228412 | 4.13 0.980143 | 0.835212 | 14.49
0 0 0 0.00 0.886478 |0.727643 | 15.88
0 0 0 0.00 0.886478 |0.727643 | 15.88
0.25 0.798468 |0.759023 | 3.94 0.700614 | 0.558826 | 14.18
0.5 1.003566 |0.959327 | 4.42 0.486179 |0.382006 | 10.42
0.75 0.735737 |0.708361 | 2.74 0.257282 | 0.201896 5.54
1 0 0 0.00 0 0 0.00

Since the regular perturbation method (PM) is valid only for small values of
Brinkman number, this restriction in relaxed by finding the solution of the governing
equation using the DTM. Tables 15.1, 15.2, 15.3, 15.4, 15.5, 15.6, 15.7, 15.8 and
15.9 are the values of velocity and temperature when the baffle is positioned near
the centre of the channel, near the left wall and near the right wall respectively.
The validity of the DTM is justified by comparing the DTM solutions with the PM
method in the absence of the Brinkman number. It is seen from Tables 15.1, 15.4,
and 15.7 that the DTM and PM values are exact in the absence of the Brinkman
number at all baffle positions in both streams. When the Brinkman number is 0.05,
the percentage of error of the DTM and the PM is less when compared with the value
of Br=0.15 as seen in Tables 15.2, 15.3, 15.5, 15.6, 15.8, and 15.9, respectively at all
baffle positions in both streams. Hence, one can conclude that regular perturbation
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Table 15.3 Comparison of velocity and temperature with Br = 0.15 and y* = 0.0

y Velocity Temperature
DTM PM % of Error (%) | DTM PM % of Error (%)

-1 0 0 0.00 1.000000 | 1.000000 0.00
-0.75 1.536883 |1.334433 | 20.24 1.604460 | 1.165029 43.94
-0.5 2.072972 | 1.753718 | 31.93 1.972888 | 1.221536 75.14
-0.25 1.626963 |1.347243 | 27.97 2.242187 | 1.255635 98.66

0 0 0 0.00 2268726 |1.182928 | 108.58

0 0 0 0.00 2268726 |1.182928 | 108.58
0.25 1.117535 ]0.861860 | 25.57 1.849663 | 0.926477 92.32
0.5 1.358661 |1.074260 | 28.44 1.306977 | 0.646019 66.10
0.75 0.956506 |0.780613 | 17.59 0.711477 |0.355687 35.58

1 0 0 0.00 0 0 0.0000

Table 15.4 Comparison of velocity and temperature with Br = 0 and y* = —0.8

y Velocity Temperature
DTM PM % of Error (%) | DTM PM % of Error (%)

-1 0 0 0.00 1.000000 | 1.000000 | 0.00
-0.95 0.069354 |0.069354 | 0.00 0.975000 |0.975000 | 0.00
-0.9 0.092187 |0.092187 | 0.00 0.950000 |0.950000 | 0.00
-0.85 0.069043 |0.069043 | 0.00 0.925000 |0.925000 | 0.00
0.8 0 0 0.00 0.900000 | 0.900000 | 0.00
-0.8 0 0 0.00 0.900000 | 0.900000 | 0.00
-0.5 1.260132 |1.260132 | 0.00 0.750000 | 0.750000 | 0.00
-0.2 1.805345 |1.805345 | 0.00 0.600000 | 0.600000 | 0.00
0.1 1.907424 |1.907424 | 0.00 0.450000 | 0.450000 | 0.00
0.4 1.673782 |1.673782 | 0.00 0.300000 | 0.300000 | 0.00
0.7 1.087305 |1.087305 | 0.00 0.150000 | 0.150000 | 0.00
1 0 0 0.00 0 0 0.00

method cannot be applied for large values of the Brinkman number as the error is
greater. Further, one can infer from these tables that the percentage of error between
the DTM and the PM is greater in the narrow passage y* = 0 when compared with
wider passage y* = —0.8, 0.8, for different values of the Brinkman number.

The effect of thermal Grashof number GR7, mass Grashof number GR, Brinkman
number Br, chemical reaction parameter o and Hartmann number M on the volumet-
ric flow rate in Stream-I and Stream-II at different positions of the baffle is tabulated
in Table 15.10. It is seen that increase in the thermal Grashof number, mass Grashof
number and the Brinkman number increases the volumetric flow rate of the fluid
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Table 15.5 Comparison of velocity and temperature with Br = 0.05 and y* = —0.8

y Velocity Temperature
DTM PM % of Error (%) | DTM PM % of Error (%)

-1 0 0 0.00 1.000000 | 1.000000 0.00
-0.95 0.070556 |0.069878 0.07 1.015203 | 0.992367 2.28
-0.9 0.094068 |0.093024 0.10 1.026025 | 0.984173 4.19
-0.85 0.070662 |0.069774 0.09 1.034695 | 0.975545 591
-0.8 0 0 0.00 1.041877 |0.966357 7.55
-0.8 0 0 0.00 1.041877 |0.966357 7.55
-0.5 1.397079 | 1.324997 7.21 1.006091 | 0.866824 | 13.93
-0.2 2.013926 |1.905942 | 10.80 0.894776 |0.736583 | 15.82
0.1 2.129951 |2.018219 | 11.17 0.739775 |0.593012 | 14.68
0.4 1.860009 |1.770253 8.98 0.543458 |0.431243 | 11.22
0.7 1.195027 |1.145360 4.97 0.304197 |0.242983 6.12
1 0 0 0.00 0 0 0.00
Table 15.6 Comparison of velocity and temperature with Br = 0.1 and y* = —0.8

y Velocity Temperature

DTM PM % of Error (%) | DTM PM % of Error (%)

-1 0 0 0.00 1.000000 | 1.000000 0.00
-0.95 0.066662 |0.070402 0.37 0.966262 | 1.009733 4.35
-0.9 0.090302 |0.093860 0.36 0.993598 | 1.018345 247
-0.85 0.068630 |0.070504 0.19 1.042718 | 1.026091 1.66
-0.8 0 0 0.00 1.098087 | 1.032715 6.54
-0.8 0 0 0.00 1.098087 | 1.032715 6.54
-0.5 1.547555 |1.389862 | 15.77 1.259219 | 0.983648 | 27.56
-0.2 2257138 |2.006539 | 25.06 1.236455 | 0.873166 | 36.33
0.1 2400241 |2.129013 | 27.12 1.101593 | 0.736025 | 36.56
0.4 2.092376 |1.866724 | 22.57 0.859604 |0.562487 | 29.71
0.7 1.331559 |1.203414 | 12.81 0.508352 |0.335965 | 17.24
1 0 0 0.00 0 0 0.00

flowing through the vertical channel. This is due to the reasons that increase in the
thermal Grashof number and mass Grashof number increases the buoyancy which
tends to accelerate the fluid flow, thus raising the volumetric flow rate. Increase in the
Brinkman number increases the viscous dissipation and hence accelerates the fluid
flow. The chemical reaction parameter and the Hartmann number reduces the volu-
metric flow rates in both streams at all baffle positions, which is an expected result.
The effect of governing parameters on species concentration is shown in Table 15.11.
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Table 15.7 Comparison of velocity and temperature with Br = 0 and y* = 0.8

y Velocity Temperature
DTM PM % of Error (%) | DTM PM % of Error (%)

-1 0 0 0.00 1.000000 | 1.000000 | 0.00
-0.7 1.799059 | 1.799059 | 0.00 0.850000 |0.850000 | 0.00
-0.4 2.596490 |2.596490 | 0.00 0.700000 | 0.700000 | 0.00
0.1 2.771982 |2.771982 | 0.00 0.550000 |0.550000 | 0.00
0.2 2.464927 |2.464927 | 0.00 0.400000 | 0.400000 | 0.00
0.5 1.626232 |1.626232 | 0.00 0.250000 |0.250000 | 0.00
0.8 0 0 0.00 0.100000 |0.100000 | 0.00
0.8 0 0 0.00 0.100000 |0.100000 | 0.00
0.85 0.034303 |0.034303 | 0.00 0.075000 | 0.075000 | 0.00
0.9 0.045492 |0.045492 | 0.00 0.050000 | 0.050000 | 0.00
0.95 0.033991 |0.033991 | 0.00 0.025000 |0.025000 | 0.00
1 0 0 0.00 0 0 0.00

Table 15.8 Comparison of velocity and temperature with Br = 0.01 and y* = 0.8

y Velocity Temperature
DTM PM % of Error (%) | DTM PM % of Error (%)

-1 0 0 0.00 1.000000 | 1.000000 | 0.00
-0.7 1.836544 |1.827308 | 0.92 0.905152 |0.892072 | 1.31
-0.4 2.660660 |2.644651 | 1.60 0.785382 |0.763931 | 2.15
-0.1 2.847653 |2.828706 | 1.89 0.649513 | 0.624232 | 2.53
0.2 2.534629 |2.517264 | 1.74 0.497826 |0.473285 | 2.45
0.5 1.671046 |1.660029 | 1.10 0.330520 |0.311253 | 1.93
0.8 0 0 0.00 0.141015 | 0.131755 | 0.93
0.8 0 0 0.00 0.141015 |0.131755 | 0.93
0.85 0.034751 |0.034648 | 0.01 0.106057 |0.098970 | 0.71
0.9 0.046004 |0.045886 | 0.01 0.070900 | 0.066089 | 0.48
0.95 0.034312 |0.034238 | 0.01 0.035550 |0.033107 | 0.24
1 0 0 0.00 0 0 0.00

Increase in thermal Grashof number, mass Grashof number and Brinkman number
accelerates the fluid flow, thus enhancing the mass transfer rate between the wall and
the fluid flowing through the vertical channel. As the chemical reaction parameter o
and Hartmann number M increase, the dimensionless total species rate added to the
fluid decreases.

The dimensionless total heat rate added to the fluid is tabulated in Table 15.12 as
functions of thermal Grashof number GRy, mass Grashof number GR¢, Brinkman
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Table 15.9 Comparison of velocity and temperature with Br = 0.08 and y* = 0.8

y Velocity Temperature
DTM PM % of Error (%) | DTM PM % of Error (%)

-1 0 0 0.00 1.000000 | 1.000000 0.00

-0.7 2.503122 |2.025055 | 47.81 1.858967 | 1.186577 67.24

-0.4 3.812342 |2.981778 | 83.06 2315717 | 1.211447 | 110.43

-0.1 4.213343 |3.225770 | 98.76 2.456803 | 1.143857 | 131.29

0.2 3.794654 |2.883624 | 91.10 2.275009 | 0.986280 | 128.87

0.5 2.480021 |1.896608 | 58.34 1.778652 | 0.740023 | 103.86

0.8 0 0 0.00 0.884947 |0.354042 53.09

0.8 0 0 0.00 0.884947 | 0.354042 53.09

0.85 0.043026 |0.037067 0.60 0.681299 |0.266759 41.45

0.9 0.055493 | 0.048650 0.68 0.472397 |0.178715 29.37

0.95 0.040219 |0.035966 043 0.251419 |0.089852 16.16

1 0 0 0.00 0 0 0.00
Table 15.10 Volumetric flow rate

y*=-0.8 v =0 y*=0.8

GR, Oyv1 On2 Ovi Own2 Ovi Ow2

1 0.01692 1.75421 0.86099 0.69703 2.08058 0.01324
5 0.01948 1.95914 1.00169 0.76976 2.35915 0.01363

10 0.02277 2.28458 1.19766 0.87605 2.79541 0.01423

15 0.02623 2.73524 1.42699 1.00924 3.36282 0.015
GRr

1 0.01698 1.95903 0.87573 0.76438 2.07089 0.01356
5 0.01948 1.95914 1.00169 0.76976 2.35915 0.01363

10 0.0226 1.95934 1.16339 0.77893 2.73876 0.01374

15 0.02572 1.95959 1.32983 0.79081 3.13977 0.01389
o

0.1 0.01949 1.95914 1.01724 0.77053 2.47398 0.01366
0.5 0.01949 1.95914 1.01318 0.77033 2.4396 0.01365

1 0.01948 1.95914 1.00169 0.76976 2.35915 0.01363

1.5 0.01946 1.95914 0.98573 0.76899 2.27668 0.01361
Br

0 0.01927 1.89015 0.96297 0.72032 2.33602 0.01332
0.1 0.01949 1.95914 1.01318 0.77033 2.4396 0.01365
0.5 0.02037 2.23513 1.21378 0.9675 2.82813 0.01488

1 0.02148 2.58011 1.45188 1.20699 3.20953 0.01624
4 0.01948 1.95914 1.00169 0.76976 2.35915 0.01363

(continued)
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y*=-0.8 v =0 vy =0.8
M Ovi Ov2 Oui Ov2 Oui Ov2
6 0.02986 1.79587 0.9518 0.81959 1.98524 0.02438
0.04219 1.74833 0.93402 0.85075 1.85845 0.03718
10 0.05516 1.73296 0.92916 0.87238 1.80541 0.05062
E
-2 0.03001 3.36255 1.62606 1.3969 3.75639 0.02417
-1 0.01948 1.95914 1.00169 0.76976 2.35915 0.01363
0 -0.61266 -0.01995 -0.25741 -0.2003 —0.00642
2 —0.01002 —-1.78105 -0.41721 -0.65744 -1.36252 —0.01592
Table 15.11 Species concentration
V¢ =-08 |y*=0 |y*=0.8 y*=-0.8 v =0 ¥y =0.8
GRt Csl Cs1 Csl Br Cs1 Cs1 Cs1
1 0.01685 0.78409 | 1.59338 |0 0.01918 0.86393 1.71696
5 0.0194 0.9122 | 1.80591 |0.1 0.0194 0.9122 1.80591
10 0.02268 1.09063 | 2.1381 0.5 0.02029 1.10529 | 2.16172
15 0.02613 1.29942 | 2.56938 |1 0.02141 1.34664 | 2.60648
GR. M
1 0.01691 0.79748 | 1.5848 4 0.0194 0.9122 1.80591
5 0.0194 0.9122 | 1.80591 0.02975 0.86803 1.53088
10 0.02251 1.05948 | 2.09686 |8 0.04202 0.85303 1.44083
15 0.02562 1.21107 | 2.404 10 0.05492 0.84967 1.40521
o E
0.1 0.01949 1.01624 | 2.4663 -2 0.02989 1.48077 | 2.87534
0.5 0.01947 0.98888 | 2.26397 |-1 0.0194 0.9122 1.80591
1 0.0194 0.9122 | 1.80591 -5.33277E4 | -0.01818 | -0.15355
1.5 0.01929 0.80804 | 1.35854 |2 —0.00998 —0.37999 | —1.04358

number Br, chemical reaction parameter o and Hartmann number M. As GRy, GR¢
and Br increases, buoyancy tends to accelerate the fluid flow raising the heat trans-
fer rate between wall and fluid and thus increases the total heat rate added to the
fluid in the vertical channel. The first order chemical reaction parameter and Porous
parameter reduces the total heat rate added to the fluid in both streams at all baffle

positions.

The magnitude of skin friction at the left and right wall increase as GRy and GR¢
increase, and decreases with & and M at all baffle positions in both streams as shown
in Table 15.13. Similar nature is also observed on the Nusselt number at the left and
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Table 15.12 Total energy flow
y*=-0.8 Y =0 y*=0.8

GRr |E; E> E| Ep E; Ep

1 0.01718 1.01764 | 0.89702 | 0.37076 1.59443 0.00181
5 0.0199 1.23304 1.07937 | 0.43271 1.98767 0.00205
10 0.02359 1.66123 1.37037 | 0.54261 2.69272 0.00244
15 0.02777 2.36949 1.76313 | 0.7053 3.74289 0.00297
GR,

1 0.01734 1.23239 | 0.90022 | 0.40367 1.54667 0.00175
5 0.0199 1.23304 1.07937 | 0.43271 1.98767 0.00205
10 0.0231 1.23414 1.35645 | 0.48313 2.765 0.00257
15 0.02631 1.23557 1.70711 0.55024 | 3.8602 0.00325
o

0.1 0.01991 1.23305 1.10395 | 0.43691 2.2107 0.00219
0.5 0.01991 1.23304 1.09749 | 0.4358 2.14137 0.00214
1 0.0199 1.23304 1.07937 | 0.43271 1.98767 0.00205
1.5 0.01988 1.23304 1.05468 | 0.42854 1.84223 0.00195
Br

0 0.01829 0.86564 | 0.71276 | 0.18134 1.24812 6.66304E-4
0.1 0.0199 1.23304 1.07937 | 0.43271 1.98767 0.00205
0.5 0.02665 2.94332 | 2.92158 1.76675 | 5.64494 0.00823
1 0.03586 5.62265 6.06982 | 4.17362 1.7894 0.01745
M

4 0.0199 1.23304 1.07937 | 0.43271 1.98767 0.00205
6 0.02979 1.11922 1.08716 | 0.52123 1.5434 0.00368
8 -2.80383 1.12487 1.1434 0.61442 143794 | -1113.94
10 -1.90679 x 109 1.15488 1.2216 0.71078 1.42704 | -372321
E

-2 0.03547 2.96291 2.82766 1.74077 | 4.04434 0.00763
-1 0.0199 1.23304 1.07937 | 0.43271 1.98767 0.00205
1 -0.0005 -0.40204 |-0.02321 |-0.15097 |-0.17827 | —-0.0010
2 -0.01207 —1.77489 |-0.78954 |-0.85354 |-1.74273 | -0.00507

right walls as it can be viewed in Table 15.14. That is to say that magnitude of Nusselt
number increases at both plates as GRy, GR¢ and Br increases and decreases as
alpha and M increase at all baffle positions in both streams.
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Table 15.13 Skin friction

o1 02

GRy y =-08 |y*=0 y*=0.8 Yy =-08 |[y*=0 y*=0.8
1 2.56415 6.44191 6.57903 |-5.28872 |-5.12096 |-2.00331
5 2.95018 7.4637 7.60287 -5.50601 -5.37765 -2.04169
10 3.44136 8.82339 9.02368 -5.89122 -5.76215 -2.10164
15 3.94905 10.3187 10.6569 —-6.47061 -6.25529 | -2.17918
GR,

1 2.57139 6.52653 6.67111 -5.50591 -5.35993 -2.03506
5 2.95018 7.4637 7.60287 | -5.50601 -5.37765 | -2.04169
10 3.42371 8.65246 8.79515 |-5.50617 |-5.40786 |-2.053
15 3.89731 9.86041 10.0181 -5.50639 -5.44702 -2.06763
o

0.1 295172 7.54163 7.78628 | -5.50601 -5.3802 -2.04478
0.5 2.95135 7.52136 7.73191 -5.50601 -5.37953 | -2.04383
1 2.95018 7.4637 7.60287 -5.50601 -5.37765 -2.04169
1.5 2.94824 7.38318 7.46623 | -5.50601 -5.37512 | -2.03964
Br

0 2.92909 7.33706 7.58184 -5.39674 —5.19449 -2.01023
0.1 2.95135 7.52136 7.73191 -5.50601 -5.37953 -2.04383
0.5 3.04072 8.26187 830113  |-5.94309 |-6.11029 |-2.16754
1 3.15195 9.13437 8.86018 |-6.48945 |-7.00079 |-2.30426
M

4 2.95018 7.4637 7.60287 -5.50601 -5.37765 —2.04169
6 4.57901 8.47224 8.41997 |-6.95583 |-6.98652 |-3.71814
8 6.58056 9.89097 9.82926 |-8.69979 | -8.74509 |-5.77982
10 8.78968 11.5243 11.4728 -10.552 -10.5923 -8.0517
E

-2 4.52116 11.7102 11.7408 -9.66328 | -9.63963 |-3.61414
-1 2.95018 7.4637 7.60287 -5.50601 -5.37765 -2.04169

-0.08577 —0.18818 -0.32186 2.45737 2.30527 0.99718

2 -1.55073 | -3.59361 —4.10864 6.26348 5.72623 2.4636
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Table 15.14 Skin friction
Nuy Nu;
GRy y =-08 |y*=0 y*=0.8 Yy =-08 |[y*=0 y*=0.8
1 0.2535 0.54673 0.35596 -1.1001 -1.42956 -1.46421
5 0.3172 0.71448 -1.60179 -1.27357 -1.55062 -1.60179
10 0.4691 0.99858 -1.82031 -1.57949 -1.7604 -1.82031
15 0.70134 1.36538 -2.09053 —-1.98439 -2.03513 -2.09053
GR.
1 0.31115 0.5101 0.31827 -1.27325 —1.48418 -1.38767
5 0.3172 0.71448 0.60472 —-1.27357 -1.55062 -1.60179
10 0.32741 1.06058 1.08118 -1.2741 -1.66388 -1.96631
15 0.34057 1.50739 1.68918 -1.2748 -1.81071 —2.43845
o
0.1 0.31723 0.74361 0.73338 -1.27357 -1.56017 -1.70141
0.5 0.31722 0.73593 0.69384 -1.27357 -1.55765 -1.67072
1 0.3172 0.71448 0.60472 -1.27357 -1.55062 -1.60179
1.5 0.31715 0.68549 0.5184 —-1.27357 -1.54113 —-1.5354
Br
0 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5
0.1 0.31722 0.73593 0.69384 -1.27357 —1.55765 -1.67072
0.5 3.58597 5.57239 5.02362 -4.36784 -5.75312 —6.00897
1 7.67152 1.3549 9.68395 -8.23565 -109113 -10.854
M
4 0.3172 0.71448 0.60472 —-1.27357 -1.55062 -1.60179
6 0.72938 0.94208 0.52327 -1.36814 -1.86045 -1.87879
8 1.26914 1.25106 0.63165 —1.54831 —2.20863 —2.36426
10 1.5 1.60032 0.80544 -1.75148 -2.57817 -2.5
E
-2 2.20731 3.00672 1.97429 -2.69175 -3.88572 -3.54052
-1 0.3172 0.71448 0.60472 -1.27357 -1.55062 -1.60179
1 0.42631 0.75733 0.59284 —1.16445 -1.50777 -1.61368
2 2.42554 3.09243 1.95052 —2.47352 -3.80001 -3.5643
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Table 15.15 Nomenclature
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h Channel width Co Reference concentration
h* Width of passage U, Reference velocity
v* Baffle position D Diffusion coefficients
Cp Dimensionless specific heatat | 71, T> Dimensional Temperature
constant pressure distributions
g Acceleration due to gravity Tw,» Tw, Temperatures of the boundaries
Gr Grashof number (h3 gﬁgAT) Uy, Uy D.imfansi'onal velocity
v distributions
Br Coefficients of thermal uy, up Non-dimensional velocities in
expansion Stream-I, Stream-11
Be Coefficients of concentration G Modified Grashoff Number
expansion (M )
v2
Ci Concentration in Stream-I GR71 & GRc | Dimensionless parameters
(GRr = §8)&(GRc = §5)
K Thermal conductivity of fluid | Re Reynolds number@
Br Brinkman number P Non-dimensional pressure
ient( - dp.
gradient ( T X )
o Chemical reaction parameters | C, Specific heat at constant
pressure
M Hartmann number E Electric field load parameter
[ o0 ’
(B()h1 w
By Magnetic field Ey Applied electric field
Oe Electrical conductivity
Greek symbols
AT, AC Difference in temperatures and | p Density
concentration
" Viscosity v Kinematics viscosity
0; Non-dimensional temperature | ¢; Non-dimensional
Ti—Twy concentrations
Tor T,
Subscripts
i Refers to quantities for the
fluids in Stream-I and
Stream-II, respectively
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15.5 Conclusion

The characteristics of heat and mass transfer of electrically conducting fluid in a
vertical double passage channel with a perfectly conducting baffle was studied. The
solutions of governing equations and the associated boundary conditions have been
obtained by using regular the PM method valid for small values of the Brinkman
number and by the DTM valid for all values of Br. The following conclusions are
made

1. Increase in thermal Grashof number, mass Grashof number and Brinkman number
enhances the flow in both passages at different baffle positions.

2. The maximum velocity profiles are obtained in Stream-II when the baffle is near
the left wall and in Stream-I when the baffle position is in the middle of the
channel and at the right wall.

3. Increase in chemical reaction parameter decreases the velocity, temperature and
concentration in Stream-I and remains unaltered in Stream-II.

4. The effect of the Hartman number is to reduce the flow at all baffle positions. The
flow profiles are flat in the wider passage when compared to the narrow one. The
negative electric field load parameter is to increase the velocity field and opposite
effect is observed for the positive one. The temperature field is enhanced for
both positive and negative values of the electric field load parameter at all baffle
positions.

5. An exact agreement was obtained with the results of the DTM and the PM in the
absence of the Brinkman number error increases between DTM and PM as the
Brinkman number increases.

6. The results of the present model agree with the results obtained by Fasogbon [7],
Srinivas Mutturajan [31] and Umavathi [33] in the absence of the baffle and the
first order chemical reaction.
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