ph& International Journal of Advances in Engineering and Management (IJAEM)

= Volume 3, Issue 3 Mar. 2021, pp: 49-59

LDAEM

www.ijaem.net

Effect of Suction/Injection on Mixed Convection
Flow of an Exothermic Fluid through a Vertical
Porous Channel

1Abubakar Sa’ adu, 2Yale Ibrahim Danjuma, 3Muhammad Murtala Hamza

Federal University Dutsin-Ma, Katsina, Nigeria

’Kebbi State University of Science and Technology, Aliero, Nigeria

3Usmanu Danfodiyo University, Sokoto, Nigeria

Tel:08094148120

Submitted: 25-02-2021

Revised: 05-03-2021

Accepted: 10-03-2021

ABSTRACT: The study on a steady mixed
convection flow of an exothermic fluid with
symmetric wall temperature and symmetric wall
concentration in the presence of transverse
magnetic field, and suction/injection on the fluid
flow behavior through a vertical porous channel
was investigated. The resulting systems of
governing equations were solved semi-analytically
using the method of Differential Transformation
Method (DTM). The results of the governing
equations were obtain and analyzed for different
parameters such as, Schmidt number (Sc),
Magnetic number (M), Darcy number (Da), mixed

convection parameter (A), constant pressure
gradient (), Frank-Kamenetskii parameter (K)

and sustention parameter (N). The influence of
Prandtl number on skin friction, the effect of ,

on Nusselt number and Skin friction have been
analyzed graphically, so also, the maximum and
minimum  flow velocity, temperature and
concentration were recorded at lower and upper
plate by showing an increase in symmetric wall
temperature and concentration, the effects of
Frank-Kamenetskii number and porous
medium/Darcy number on velocity were observed.
Keywords: Suction/Injection; Mixed convection;
Exothermic  fluid; Vertical channel; Porous
material.

List of Nomenclatures/Greek letters:

Da : Porous medium

6 : Dimensionless Temperature

u : Dimensionless velocity of the fluid

y : Dimensionless co-ordinate perpendicular to the
plate

x : Dimensionless co-ordinate parallel to the plate
N : Sustention parameter

K : Frank-Kamenetskii parameter

A : Mixed convection parameter
M : Magnetic parameter
¥ : Constant pressure gradient

7; - Symmetric Wall temperature

7. - Symmetric Wall concentration

g: gravitational force

Sc: Schmidt number

v : Kinematic viscosity

p : Density of the fluid

[ - Thermal expansion coefficient

o : Electric conductivity of the fluid
,B*: Solutal expansion coefficient

V, : Suction/Injection parameter

I. INTRODUCTION
The problems of Steady free, forced or
mixed convection, symmetrically or
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asymmetrically heated/mass fluid flow in a vertical
or horizontal porous channels in the presence of
chemical reaction of an exothermic fluid have
recently received attentions of various researchers
from across the globe because of their practical
applications in modern electronic equipments,
nuclear reactors, geothermal reservoir, thermal
insulation, energy storage and conservation, fire
control, chemical, food and metallurgical
industries, in also petroleum reservoirs. Magnetic
field is one of the important factors by which the
cooling rate can be controlled and the desired
quality of the industrial product can be achieved,
many investigations were made to examine mixed
convection flow characteristics in porous medium.
This type of problem also arises in electronic
packages, micro-electronic devices during their
operations, as well as in the more convectional
fields of the fluid and thermal sciences.

There were many investigations in the past
decades on mixed convection flow of an
exothermic fluid. Many different configurations
and combinations of thermal boundary conditions
were considered by various investigators. Some of
which are Chamkha et al. (1991) discussed the
mixed convection flow in a lid-driven enclosure
filled with a fluid-saturated porous medium,
Rudraiah et al. (1995) studied the effect of
magnetic field on free convection in a rectangular
enclosure, Khanafer et al. (1998) discussed the
numerical study of laminar natural convection in
tilted enclosure with transverse magnetic field.
Also in an attempt to study free convection on heat
and mass transfer flows, Hamza. (2016) discussed
the influence of free convection slip flow of an
exothermic fluid in a vertical channel, Chen and
Weng. (2005) studied analytically the fully
developed natural convection flow in an open-
ended vertical parallel plate micro channel with
asymmetric wall temperature distribution. This
work is further extended by Jha et al. (2015) by
taking in to account suction/injection on the micro-
channel walls. Jha et al. (2015) reported MHD
natural convection flow in a vertical parallel plate
micro-channel, Saleh et al. (2013) studied flow of
fully developed mixed convection in a vertical
channel with chemical reaction, Pop et al. (2010)
Investigated numerically by using implicit finite
difference scheme, the effect of heat generated by
an exothermic reaction on the fully developed
mixed convection flow in a vertical channel. The
effect of radiation on free convective flow and
mass transfer past a vertical isothermal cone
surface with chemical reaction in the presence of a
transverse magnetic field has been studied by Afify
(2004). Hayat et al. (2015) Studied mixed

convection flow of casson Nanofluid over a
stretching sheet with convectively heated chemical
reaction and heat source/sink, also unsteady hydro
magnetic Natural convection flow of a heat
absorbing fluid within a rotating vertical channel in
porous medium with hall effects have been studied
by Seth et al .(2015), Srinivas et al .(2010) studied
effects of thermal radiation and space porosity on
MHD mixed convection flow in a vertical channel
using homotophy analysis method. Das and Jana.
(2010) analyzed heat and mass transfer effects on
unsteady free convection flow near a moving
vertical plate in porous medium. Yih. (1997)
studied the effect of transpiration in coupled heat
and mass transfer on mixed convection over a
vertical plate embedded in a saturated porous
medium, recently, Ahmad et al. (2017) examine the
effect of mass transfer on mixed convection flow of
an exothermic fluid in a vertical channel.

Considering the literature review, no work
has been dealt on steady mixed convection flow of
an exothermic fluid in a porous medium channel
with effect of Suction/Injection in the presence of
transverse  magnetic  field, symmetric wall
temperature and concentration. Therefore, the aim
of this paper is to study the effect of
Suction/Injection on steady mixed convection flow
of an exothermic fluid in a vertical porous channel,
with  symmetric  wall  temperature  and
concentration.

1. MATHEMATICAL FORMULATION
By considering steady state heat and mass

transfer of mixed convection flow of an exothermic
fluid between two vertical porous channel walls,
both of the vertical walls are separated by a
distance L, while top and bottom of the walls are
maintained by a constant and different temperature

T, and T, respectively, such that T, >T_ as

shown in the figure 1. A coordinate directions were
chosen such that the x-axis is parallel to the
gravitational acceleration vector g, but with the
opposite direction. The y-axis is orthogonal to the
channel walls, and the origin of the axes is such
that the positions of the channel walls are y = 0 and
y = L, respectively. The fluid has a uniform vertical

upward stream wise velocity distribution U, at the
channel entrance, with a magnetic field of strength
B, is applied in the horizontal direction to the

walls. The working fluid were assumed to be
Newtonian, incompressible and steady flow by
following Pop et al. (2010) and Ahmad et al.
(2017), and also, assumed that the heat were
supplied to the surrounding fluid by an exothermic
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surface reaction inside the porous channel. forms of Momentum, heat and mass transfer
Therefore, based on the aforementioned equations;

assumptions, we have the following dimensional

The Momentum Equation

du' ., du’ oBju' wu' 1dp
4V, -2 1 gB(T =T, )+ 9B (C'-Cy)-====0 2.1
5Ny T, Tk 9B(T*=T,)+9p (C'-C,) Py
The Heat Transfer Equation
2T 1
d T —+V, Oli+QK ae ar 2.2
dy dy'
The Mass Transfer Equation
2/~ 1
D—-:r ac +V, di_o 2.3
dy dy'

Where v, g, and pare kinematic
viscosity, the force of gravity and the density of the
fluid, Q is the exothermic factor, [ is the fluid

thermal expansion coefficient, B0 is the magnetic

expansion coefficient, T, is the reference
temperature, C, is the reference concentration, and
assumed that T, =(T,+T.)/2 and
C,=(C,+C,)/2.

induction coefficient, ﬂ* is the fluid solutal

The boundary conditions of the problem can be written as;

u I == O’ T = T la’ C = C 'a 1 y ' = O
'=0, T'=T., C'=C,, y'=L 2.4
=3
[R:ATY] B

T ‘_‘-T T,

C. | Porous medium c.
24 - fluid region L .
[0

.}
I
(=]

'¢
I
=

Ly
Figure 2.0: Geometric of the Problem.

And then, (2.1) to (2.3) with respect to (2.4) were transformed to dimensionless ordinary differential equations
by introducing the following dimensionless variables

DOI: 10.35629/5252-03034959 Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 51



Volume 3, Issue 3 Mar. 2021, pp: 49-59  www.ijaem.net

\% International Journal of Advances in Engineering and Management (IJAEM)

LUAEM
XI 1 ul pl
k=2, y=X u=d po B pud
Rel L Uy pu. v
RT/L® -7 ~-C" ’
Grzgﬂ—zo, g1 T o p=C-Cho vz = VBoL
Ev RT,/E RCZ/E ol
25

Substituting (2.5) in to (2.1) to (2.4) we have the following ordinary differential equations of velocity,
Temperature and Concentration with respect to their dimensionless boundary conditions;

du du , 1

—+V, —— | M +— U+ A0+ Ng|—y=0 2.6
dy?  °dy ( Daj [ -7

2

%jt Prvo?j—9+ Kre’ =0 2.7
y y

2

2T‘f+5cv03—5=0 28

Subject to the boundary conditions
u=0, 0=y, o=y, at y=0
u=0, 0=—y, P=-7, at y=1 2.9

Where 4, N, 7, K, Da, M, 7Y.s and }},are mixedjconvection parameter, sustention

parameter, pressure term, Frank-Kamenetskii parameter, porous material, magnetic field, symmetric wall
concentration and symmetric wall temperature respectively. Which are defined as:

Gr dp T.-T, \
=—, 7/:—’ }/t =2—’
Re dx RTO [ E
' _C! EQK . al?
7/(: :ﬁ, Kr — nga e—E/RTo >
0 0o & 2.10
J

1. METHOD OF SOLUTION
Equations (2.6) to (2.8) subject to (2.9) were solved semi-analytically using the method of Differential
Transformation Method (DTM), the expressions of velocity, temperature and concentration are displayed below.

(a3-2v,) , (a2-V,(a8-2V,)+aZ) ,

u(y)=2zy+ 5 y* + s y® + .
(7 -Aal-V, (a2-V,(a8-2V,)+aZ)+ala3-2V,]) , |
y
24
HPAZ +PV,Kr —Kr)  (HPAZ +PAZKr —PV,Kr +Kr
e(y)=%+|_|y_(HPrVo+Kr)y2+( r-o r'o )_( r¥o r Yo rVo )y4 919
g 6 24
JScVo 2+JSCZ\/02 3_~]Scsvo3 y4 213

= J—
d(y)=r.+Jy Y ARy

The expression of Skin Friction at the lower plate (y = 0) and upper plate (y = 1) is given below;
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a2-V,(a3-2V,)+aZ
d—u:Z+(a3—ZV0)y+( o o) )y2+
dy 2
2.14
(7 —2al-V, (a2-V, (a3-2V,)+aZ)+ala3-2V,]) ¥
6
a2-V,(a3-2V,)+aZ
d_u|y1:Z+(a3—ZV0)+( o 0) )+
du dy 2
:—|y:O=Z and 2.15
dy (7 —2al-V, (a2-V, (a3-2V,)+aZ)+ala3-2V,])
Similarly, the expression of the rate of Heat Transfer is given below;

HPA/? + PV, Kr —Kr HP32 + PA/2Kr — PV, Kr +Kr
d—0:+H—(HPrvo+Kr)y+( 2 )yz—( 2 2 )y3 2.16
dy 2 6
:3_5|y—o: H and

HPA/? + PV, Kr —Kr HPV? + PA/Kr — PV, Kr + Kr
d—9|y_l=+H—HPrv0—Kr+( 2 0 ) (HRG +RAGKr Ry, ) 2.17
dy 2 6
The expression of rate of Mass Transfer at the lower plate (y = 0) and upper plate (y = 1) is given below;

2 3
%=+J —JSV,y + I5:Vo y? — I5:Vs y® 2.18
dy 2 6

2 3
:j—fboz J and 3—f|y_1= +J-JSV, + BeVy Jsg\/o 2.19

Where, J, H, Z, and some basic terminologies in Differential Transformation Method (DTM) to be define in the

appendix.

IV. RESULT AND DISCUSSION

Steady heat and mass transfer on mixed
convection flow of an exothermic fluid through a
vertical porous channel has been studied, with
effect of suction/injection considering some fluid
flow parameters like Magnetic number, Schmidt
number,  Frank-Kamenetskii ~ number.  The
Differential Transformation Method, which is a
semi-analytical method were used and obtained the
solution of the governing equations. Mat Lab
programming package has been used to compute,
analyzed and validate the result graphically.

The influence of y, on the concentration

field is displayed in figure 4.1, and it can be deduce
that the concentration of the fluid increases with

increase in the value of y. at the lower
plate(y:O), until the Steady state is attained,
while different behavior were observed at the upper
plate(yzl). Figure 4.2 shows the effect of

Schmidt number (SC) on concentration field,
where it is observed that the increase in value of
(SC) accelerate the concentration of the fluid.

Figure 4.3 is the representation of the temperature
profile showing the influence of Frank-

Kamenetskii number (K) on the temperature
field, it is observed from the figure that the increase
in the value of (K) leads to the significant

increase in the temperature of the fluid at the lower
and upper plate until the steady state is attained. It
can also be deduce that the velocity of the fluid
increases with the increase in the value of Darcy

number(Da) as illustrated in figure 4.4. The

influence of y, on velocity is displayed in figure
4.5, from the figure it can be seen that, whenever
the value of p, is increase it will accelerate the
velocity field. Figure 4.6 displayed the effect of
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Magnetic number on the velocity of the fluid, and it value of magnetic number M can decreases the
can be deduce from the figure that increasing the velocity field and vice-versa.

5 T T T T T T _1c = 01
yc =06
=15

________ ---yc=25
g ~~~~~~~~~~~ —yc =50
e Y
I
A
= T
5 | 1 | | | | | | |
0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
y
Figure 4.1: Concentration profile for Da =0.1, 4 =100, Kr =1.5,Pr =0.71, Sc = 0.62 with different
values of y,
0.15 T T T T T —S8c=10
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y
Figure 4.2: Effect of Schmidt number (Sc) on Concentration profile.
1.2
—K=041
n ---K=1.0
K=20
i K=3.0
o | —K=50
I
3
S 0.6 8
[]
3
2 041 7
D21 ™ i e i #
0_ ““‘"‘\‘\ 5
! | ! | | | ! \ 2

DOI: 10.35629/5252-03034959 Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 54



\’f )E International Journal of Advances in Engineering and Management (IJAEM)

'&.-;‘. Volume 3, Issue 3 Mar. 2021, pp: 49-59  www.ijaem.net
LAEM

Figure 4.3: Showing the temperature profile for Da=0.1, 4 =100,V =0.1,Pr=0.71, Sc = 0.62 with
different values of Frank-Kamenetskii number K.
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Figure 4.4: Velocity profile for A =100,V =0.1,Pr =0.71,Sc =0.62, N =0.01, Kr =1.5 with different
values of Da
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Figure 4.5: Velocity profile for different values of y,
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Figure 4.6: Influence of Magnetic number on Velocity of the fluid.

increases in terms of suction and opposite behavior
were observed in case of injection as illustrated in
the figure.

Figure 4.7 displayed the effect of
suction/injection on velocity, and it can be deduce
from the graph that the velocity of the fluid

1.5

S
o

Velocity

y
Figure 4.7: the influence of suction/injection on the velocity of the fluid.

The dependence of the rate of heat transfer
on Frank-Kamenetskii parameter for different

values of }, has been displayed in figure 4.8, and
it reveals that the rate of heat transfer increases
with increase in the value of ¥, at the lower and

upper plates as can be seen in 4.8(a) and 4.8(b).
Figure 4.9 reveals the influence of symmetric wall

concentration ¥, on the rate of mass transfer, as
can be seen from 4.9(a) the rate of mass transfer
increases by increasing the value of y, and the

same behavior also observed at the upper plate of
the reaction, see 4.9(b). The effect of Darcy
number Da on skin friction is shown in figure 4.10
and it reveals that the skin friction rate increases

1
—4yt=01
=05
05 —t=10
i |
£
=}
Z 05t
3
0
E
z -
4.5 ]
(a)
2 " . . .
0.2 0.4 0.6 0.8 1

K

Nusselt Number

with increase in the value of Da at the lower plate
as illustrated in 4.10(a) and increases also at the
upper plate check 4.10(b). Figure 4.11 and 4.12
indicates the influences of magnetic number (M)
and Prandtl number (Pr) respectively on Skin
Friction, it can be deduce from 4.11(a) that the Skin
friction rate decreases as the value of M increases

at the lower plate (y =0) and decreases also at

the upper plate (y=1), see 4.11(h), it is also

observed that the Skin Friction rate increases with
increase in the value of Pr at the lower and upper
plate until it reaches the steady state as illustrated
in figure 4.12(a) and (b).

(b)
02 04 06 08 1
K

Figure 4.8: influence of };, on the rate of heat transfer.
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Figure 4.9: influence of ¥, on Sherwood number.
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Figure 4.10: The effect of Darcy number on Skin Friction.
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Figure 4.11: effect of magnetic number M on the Skin Friction rate.
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Figure 4.12: Showing the influence of Prandtl number (Pr) on the Skin Friction.
V. SUMMARY AND CONCLUSION (i) The temperature of the fluid increases by
The effect of Suction/Injection on mixed increasing the value of Frank-Kamenetskii
convection flow of an exothermic fluid through a number.
vertical porous channel were studied, Differential (iii) The presence of Schmidt number (Sc)
Transformation Method were utilized and obtained accelarate the fluid concentration whenever
the solutions of the governing equations. The the value is increase until the steady state is
influences ~ of  magnetic  number (M), attained.
Suction/Injection parameter and some other (iv) The concentration of the fluid increases at the
pertinent parameters on the fluid concentration, lower plate when the value of the symmetric
temperature, velocity, rate of heat transfer and skin wall concentration is increase and opposite
friction were considered, analyzed and represented behavior at the upper plate of the cahnnel.
graphically and arrive at the following conclusions (v) While as the value of magnetic number (M)
from the obtained result. increases, its enhances the rate of skin friction
(i) That the velocity of the fluid increases interms of the fluid.
of Suction, while Injection decelarates velocity
of the fluid.
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APPENDIXES
al=—HPV, —Kr—NJSV, a2=y—A[H+NJ] a3=y—A[y,+Ny,]
Kr (P —5PV, +17)-48y, 5 48y,
© 24—PN2+4PN2-12PV, - 24-12SV, + SN2 -SV?
7 12a3+4a2-4V,a3+y — Aal-V,a2+V a3+ a3
1V, — 24— N2 —4a +V,; +2aV,
oz:M2+i SczL Da:k—2
Da D L
M2 = oBZL’
yoa%
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