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EFFECTS OF VARIABLE TEMPERATURE ON
MHD FREE CONVECTIVE FLOW IN A POROUS
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Abstract— The effects of variable temperature on an
unsteady Magnetohydrodynamics (MHD) free convective
flow in a porous medium were investigated. The
dimensional governing equations were reduced to non-
dimensional form with the use of some dimensionless
guantities, resulting to nonlinear coupled partial
differential equations. These equations were then solved
using regular perturbation method. The physical
parameters that arose in the analysis were examined on
the Temperature and Velocity gradients, as well as the
skin friction, which were later shown on graphs. Both
velocity and skin friction decreased with increase in
magnetic parameter but fluctuate with different values of
frequency of oscillation. The temperature also decreased
with increasing prandtl number. These outcomes however
follow the results of existing literatures.

Keywords— Convective flow, Magnetohydrodynamics
(MHD), magnetic parameter, perturbation method, skin
friction, Prandtl number.

. INTRODUCTION

The study of heat and mass flow has become very essential
because of its wide range of applications in various fields of
science, engineering and technology. Moreover, the MHD
flows attract good attention and significant in several
biological and engineering systems especially when the flow
is considered over a permeable boundary layer.

In their study of effects of chemical reaction and radiation
on unsteady MHD free convective fluid flow embedded in a
porous medium with time-dependent suction with temperature
gradient heat source, Seshaiah et al (2012) discovered that
increase in the radiation parameter and Schmidt number both
decreased the velocity of the fluid, while the magnetic field
parameter also decreased the velocity for fixed permeability of
the porous medium. Moreover, the magnetic parameter has
remarkable effect on velocity profile but slight impact on
temperature of the fluid (Noran et al, 2017).

Furthermore, it is confirmed by Kandasamy and Mohamad
(2015) that temperature distribution in a nanofluid in the
presence of thermal radiation with magnetic field significantly
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depends on the surface convection parameter. Mahender and
Srikanth (2015) studied an unsteady MHD free convection and
mass transfer flow past a porous vertical plate in presence of
viscous dissipation. Kho et al (2017) investigated thermal
radiation effect on MHD flow and heat transfer analysis of
Williamson nanofluid past over a stretching sheet with
constant wall temperature. Kumaresan et al (2017) worked on
chemically reacting on MHD boundary layer flow of
CuOwater and MgO-water nanofluids past a stretching sheet
in porous media with radiation absorption and heat
generation/absorption. Nainaru and Satya (2017) studied
unsteady MHD nanofluid flow over a stretching sheet with
chemical reaction.

Moreover, the work of Harish, Sudheer and Satya (2017) on
MHD mass transfer flow of an Eyring-Powell fluid over a
stretching sheet revealed that the fluid velocity increased for
the non-Newtonian fluid as compared with the corresponding
Newtonian fluid for the effect of the induced magnetic field
parameter.

This work thus focuses on effects of variable temperature
on MHD free convective flow in a porous medium.

1. MATHEMATICAL FORMULATION

An unsteady two dimensional free convective MHD
laminar flow of viscous incompressible and heat absorbing
fluid pass a porous medium. All other fluid properties are
assumed to be constant. The flow is infinite along vertical axis

(X" —axis) in the direction which is opposite to the gravity
and Y’ —axis is taken to be normal to it. Since the flow is of
extreme size along the vertical axis, the flow field becomes the
function of Yy'and t’' alone (Mohammed, 2013). The
temperature at the surface of the porous plate was initially at
equilibrium with the fluid, that isat t" =0, but it was slowly

raised with time, that is, at t">0. Under the above
assumptions, the governing equations with the usual
Boussinesq’s approximation became.

Continuity equation
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where Xx'and y'are dimensional distances along and
perpendicular to the porous plate respectively. t' is the
dimensional time. u’and V'are the components of
dimensional velocities along X"and Y’ respectively. $is the
kinematic viscosity, g is the acceleration due to gravity, [
the volumetric coefficient of thermal expansion, T'is the
dimensional temperature, pis the density, k the thermal
conductivity, C, is the specific heat capacity. The second term

at the right hand side of the momentum equation represents
the thermal buoyancy effect, while the third term stands for
the induced magnetic field.

These are then subject to the following dimensional
boundary conditions:
u'=U,, T'=T,+A'cosa't’" on y' =0
u—-u,, T >T) 4)
where U, is the initial or wall velocity, T, and T, are the

as y' — oo

wall and free stream temperatures respectively. o' and A'are
also the frequency and amplitude of the oscillations
respectively.

Introducing the following dimensionless parameters as
used by Akinpelu et al (2016), Akinpelu et al (2017),
Mohammed (2013), Seshaiah et al (2013) and Fayza (2012):

u=u—/ , y:M, tzugt"
U, v Vv
/_ ’ _ V
— T Tw , Gr: gﬁ'g(Tw Too) , Pr — ;)Cp ,
T.-T) ugs k
A 2
s L ©)
TW _Toc pUO
The equations (2) and (3) reduced to:
2
a—uza—ngGr—uM (6)
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Subject to the boundary conditions:
u=1, f=1+A,cosmt on

u—0, -0 as

y=0
y—>©

®)

1. METHOD OF SOLUTION

Equations (6) and (7) are coupled non-linear partial
differential equations. In order to reduce these equations into
ordinary differential equations and solved analytically, the
regular perturbation method is employed with assumed
solutions for the wvelocity and temperature gradient
respectively is given as:

u(y,t) =u,(y) +ee"*u,(y) +o(e)? ©)

O(y,t) = 0, (y) + &' 6, (y) +0(&)° (10)

Substituting equations (9) and (10) into (6) and (7)
respectively, equating the harmonic and non-harmonic terms,
and neglecting the higher order terms 0(g)® with further
simplifications, these become

Uy —U,M =-Gré (11)
u,—(M +im)u, =0 (12)
P76y =0 (13)
&' —ioP 6, =0 (14)

where the primes represent ordinary differentiation with
respectto vy .
Subject to the following corresponding boundary conditions:

Up=1,u,=0,0, =1+ A cosat, 8, =0 on y=0

U —»>0,u, »0,6, >0, >0 a y—>w
(15)
Solving equations (11) — (14) subject to the boundary

conditions (15), the resulted wvelocity and temperature

distributions are:
u= COSh(N Y)—Sinh(m y>_cl\;/|r[1+ A, cosat ]+ PSR
(16)

=1+ AOCOSa)t+66i“’t_( P Jy 17)

The skin friction which is an important physical parameter
for boundary flow of this type is given as:

(8-
— M sinh(yM y )M cosh{yM y - (VM T i et

(18)
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IV. RESULTSAND DISCUSSION

For the purpose of proper discussion, the numerical results
of the transient velocity, temperature and skin friction were
computed and displayed on graphs. The physical quantities that
arose from these, namely: the magnetic parameter (M), Prandtl
number (P, ) and frequency of oscillation (@) were examined

on the Temperature and Velocity gradients, as well as the skin

friction. -
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Figure 4: Temperature profile against spanwise coordinate y
X i ] ] i for different values of Prandtl number (p ) with
0 1 2 3 4 5 _ _T _ _
, A =10, ="/, £=001,1=10

Figure 2: Velocity profile against spanwise coordinate y for
different values of frequency of oscillation (@) with
P. =071, Aj=10,M =05, £=0.01,t =10, Gr=2.0
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Figure 5: Skin friction against spanwise coordinate y for
different values of magnetic field (M) with
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Figure 6: Skin friction against spanwise coordinate y for
different values of frequency of oscillation (@ ) with

P.=071,M=01,£=0011t=10

Figure 1 which is the velocity profile against spanwise
coordinate y for different values of magnetic field (M)
represents the effects of the induced magnetic field parameter
on the velocity field. The result shows that increase in the
induced magnetic field decreased the velocity of the fluid. This
corresponds to the result of Seshaiah et al (2013) among host
of others.
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Figure 2 shows the wvelocity profile against spanwise
coordinate y for different values of frequency of oscillation
(@). The results revealed that as the frequency of oscillation is
decreasing, the velocity is also decreasing.

However, figure 3 presents the sinusoidal variation of the
velocity with time at different values of frequency of
oscillation. The decreasing frequency of oscillation increased
the period of oscillation, while the amplitude remains constant
according to the boundary condition.

Figure 4 is the temperature profile against spanwise
coordinate y for different values of Prandtl number. The
increasing Prandtl number decreases the temperature, which is
in line with existing works like that of Mohammed (2013).
This behaviour however changed as the distance approached
around 3.5. This is because of the peculiarity of Prandtl number
associated with different fluid of interest.

Figure 5 is the skin friction against spanwise coordinate y
for different values of magnetic field. The result follows that of
the velocity above. The increase in the induced magnetic field
leads to decrease in the skin friction.

Moreover, figure 6 shows the sinusoidal variation of the skin
friction at different values of frequency of oscillation. The

amplitude is no more fixed, since Aywas not in the skin
friction solution obtained in the last section

V. CONCLUSION

The effects of the variable temperature on an unsteady two
dimensional free convective MHD laminar flow of viscous
incompressible and heat absorbing fluid pass a porous medium
have been studied and the following conclusions were made.
The induced magnetic field parameter decreased both the
velocity and the skin friction. There is sinusoidal variation in
the wvelocity and skin friction with time and distance
respectively at different values of frequency of oscillation.
Moreover, the increase in prandtl number decreased the
temperature till a distance of about 3.5.
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