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Abstract: The flow of an electrically conducting incompressible fluid due to
buoyancy effects of thermal and mass diffusion past a finite vertical porous plate
with constant suction was investigated in the presence of uniform transverse
magnetic field. The problem has been solved for velocity, temperature and
concentration profiles. The equations governing the flow are solved numerically
using finite difference method for various values of Grashof parameter ranging
from 0 to – 1. The results obtained are then presented using tables and graphs.
It was noted that a decrease in Grashof parameter leads to an increase in
primary, secondary, temperature and concentration profile.
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Nomenclature and List of Symbols

C Dimensionless concentration of species kg/m3
C+

∞ Dimensional concentration of the species in free stream kg/m3
D Diffusion coefficient m2/s
Gr Grashof number
Re Reynolds number
Sc Schmidt number

D Gradient operator
[

i ∂
∂x

+ j ∂
∂y

− k ∂
∂z

]

1. Introduction

The phenomenon of natural convection arises in fluids when temperature change
causes density variation leading to buoyancy forces acting on the fluid parti-
cles. These flows which are driven by temperature differences abound in nature
and have been studied extensively because of their application such as hot
rolling and crystal growing glass fibre. In nature there exist flows that are
caused not only by temperature differences but also by concentration differ-
ences. In industries many transport processes exists in which heat and mass
transfer takes place simultaneously as a result of combined buoyancy effect of
thermal diffusion and mass diffusion through chemical species. Free convec-
tion flows involving coupled heat and mass transfer occur frequently in nature.
For this flows, the driving forces arises due to temperature and concentration
variation of the fluid. For example in atmospheric flows, thermal convection
resulting from heating of the earth by sunlight is affected by difference in water
vapour concentration. A comprehensive literature on various aspects of natural
convectional flow and its application coupled heat and mass transfer (Double
diffusion) driven by buoyancy due to temperature and concentration variations
in a saturated porous medium , has several important application in geother-
mal and geophysical engineering such as the migration of moisture through the
air contained in fibrous insulation, the extraction of geothermal energy, under-
ground disposal of nuclear waste, and the spreading of chemical contaminants
through water saturated soil. The problem of combined heat and mass transfer
over electrically conducting fluid in MHD free convection adjacent to a vertical
surface are analysed by taking into account the effects of ohmic heating and
viscous dissipation. Buoyancy forces resulting from thermal and mass diffusion
is of considerable interest in nature and many industrial applications such as
Geo-physics, solidification of binary alloys, drying process and chemical engi-
neering. The analytical 1-D model compared favourable with the experiment
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results when modified to account for the hall parameter, the parameter was
evaluated and correlation was developed. The hall parameter had a strong de-
pendence disturbed the power output from the electrodes of high temperatures.

2. Literature Review

[3] presented free convection with mass transfer flow for a micro-polar fluid
bounded by vertical infinite surface under the action of transverse magnetic
field, the differential equations governing the problem were solved numerically
by means of order Runge-kutta method. It was observed that the velocity
decreases as prandtl number increases. Finally the concentration distribution
is affected only by Schmidt number and decreases as this parameter increases.
[4] analysed the effect of thermal radiation and viscous dissipation on MHD
free convection flow over a semi-infinite vertical porous plate. The network
simulation method was used to solve the boundary layer equation based on the
finite difference formulation. It was found that an increase in viscous dissipation
leads to an increase of both velocity and temperature profiles and a decrease
in the velocity profiles. Finally an increase in the suction parameter leads
to an increase in the local skin friction and Nusselt number. Also, when the
Schmidt number was increased, the concentration level was decreased resulting
in decreased fluid velocity. In addition, it was found that the skin friction
coefficient increased due to increase in concentration buoyancy effect which
it decreased due to increase in either heat absorption coefficient or Schmidt
number.

[1] considered unsteady 2-D laminar, boundary layer flow over viscous, in-
compressible, electrically conducting and heat absorbing fluid along a semi-
infinite vertical permeable moving plate in the presence of a uniform transverse
magnetic field. Thermal and concentration buoyancy were discussed. The di-
mensionless governing equations for this investigation are solved analytically
using two term harmonic and non-harmonic function, it was found that when
the solution Grashof number increased, the concentration buoyancy effects were
enhanced and thus, fluid velocity increased .however, the presence of heat ab-
sorption effect caused a reduction in the fluid temperature which resulted in
a decrease in fluid velocity. Also, when the Schmidt number was increased,
the concentration level was decreased resulting in decreased fluid velocity. In
addition, it was found that the skin friction coefficient increased due to increase
in concentration buoyancy effect which it decreased due to increase in either
heat absorption coefficient or Schmidt number.
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[2] considered heat transfer in viscous flow along a plane wall with periodic
suction and heat source. The effects of various parameters on heat transfers
in a 3-D laminar boundary layer past a flat plate in the presence of a heat
source when a sinusoidal transverse suction velocity was applied to the walls
were studied.

[7] discussed their study on natural convection heat transfer in vertical
open channel flows with discrete heating. Significant influences on the local
heat transfer characteristics were noted, while only slight effects on the average
characteristics were observed. [6] Investigated unsteady MHD flow through an
inclined closed rectangular channel with upper and lower surfaces of varying
permeability. In the same year [7] considered natural convection flow over a
vertical frustum of a cone with constant heat flux. The numerical values of
the velocity and temperature functions required to calculate the surface skin
friction and heat transfer rates were discussed for various values of prandtl
number.

Quadri and [1] considered simultaneous heat and mass transfer by natu-
ral convection for a vertical semi infinite plate embedded in a fluid saturated
porous medium in the presence of wall suction and injection, heat generation
or absorption effects, porous medium inertia and thermal dispersion effect. In
general, the porous medium thermal dispersion effects increase the temperature
of the fluid causing higher flow rate along the surface. However this seems not
to be the case in their study as the peak values of the temperature and velocity
profile were lowered as porous medium thermal dispersion parameter increases.

[5] investigated coupled heat and mass transfer by natural convection from a
horizontal line course in a saturated porous medium. An analysis of boundary
layer coupled heat and mass transfer from a line source in saturated porous
medium was reported. The equations were numerically integrated for a range
of Lewis number and buoyancy ratio, for aiding and opposing buoyancy effects.

The influence of viscous heating dissipation effect in Natural convection
flows, shows that the heat transfer rates are reduced by an increase in the
dissipation parameter. However the interaction of the radiation with mass
transfer of hydromagnetic dynamics dissipative fluid in the presence of heat
source has received little attention hence present study is attempted. [4] solved
the problem of MHD flow with wavy porous boundary and the influences of heat
source, suction and waviness of the boundaries of the flow were numerically
analysed. The K-e’ model is more reliable and likely to provide a superior
performance for flow boundary layers under strong adverse pressure gradients.
This was confirmed by comparing their findings with the experimental results.
The research work cited above is the motivation of my current work. This
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Figure 1: Flow Configuration

study considers heat and mass transfer for free convection fluid past porous
finite parallel plates.

3. Methodology

3.1. Mathematical Formulations

Taking x and y as the coordinates parallel and normal to a flat plate respectively
and u, v and w are taken as the velocities in the x, y, z direction respectively.
Since the plate is finite in length and for a two dimensional free convective fluid
flow, the physical variables are functions of x, y and t.

The equation of momentum along the x -axis is

[

∂u

∂t
+ u

∂u

∂x
− V0

∂u

∂y

]

= v

[

∂2u

∂x2
+

∂2u

∂y2

]

+ βg (T − T∞) + β∗g (C − C∞)−
σµ2

eH
2
yu

ρ
. (1)
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The equation of momentum along the y – axis is

[

∂w

∂t
+ u

∂w

∂x
− V0

∂w

∂y

]

= v

[

∂2w

∂x2
+

∂2w

∂y2

]

−
σµ2

eH
2
yw

ρ
. (2)

The equation of energy is

[

∂T

∂t
+ u

∂T

∂x
− V0

∂T

∂y

]

=
1

ρCp

{

k

[

∂2T

∂x2
+

∂2T

∂y2

]

+Q+ µ

[

(

∂u

∂y

)2

+

(

∂w

∂y

)2
]}

. (3)

The equation of concentration is

∂c

∂t
+ u

∂c

∂x
− V0

∂c

∂y
= D

[

∂2c

∂x2
+

∂2c

∂y2

]

(4)

Final set of non-dimensional governing equations

∂u

∂t
+ u

∂u

∂x
− V0

∂u

∂y
=

[

∂2u

∂x2
+

∂2u

∂y2

]

+Grθ +GcC −M2u (5)

∂w

∂t
+ u

∂w

∂x
− V0

∂w

∂y
=

[

∂2w

∂x2
+

∂2w

∂y2

]

−M2w (6)

∂θ

∂t
+ u

∂θ

∂x
− V0

∂θ

∂y
=

1

Pr

[

∂2θ

∂y2
+

∂2θ

∂x2

]

+
δ

Pr
θ

+Ec

[

(

∂u

∂y

)2

+

(

∂w

∂y

)2
]

(7)

∂C

∂t
+ u

∂C

∂x
− V0

∂C

∂y
=

1

Sc

(

∂2C

∂x2
+

∂2C

∂y2

)

(8)

Initial conditions are

At y = 0, u0(0,i) = 1, w0
(0,i) = 0, θ0(0,i) = 1, c0(0,i) = 1.

y > 0, u0(k,i) = 0, w0
(k,i) = 0, θ0 = 1, c0(k,i) = 0.

k > 0 and all i the boundary conditions takes the form

At y = 0, un(0,i) = 1, wn
(0,i) = 0, θ0(0,i) = 1, cn(0,i) = 1

x = 0, un(k,0) = 1, wn
(k,0) = 0, θn(k,i) = 1, cn(k,i) = 0
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un+1
(k,i) = un(k,i) +









−un(k,i)

[

un
(k,i+1)

−un
(k,i−1)

2∆x

]

+ V n
0

[

un
(k+1,i)

−un
(k−1,i)

2∆y

]

+
[

un
(k+1,i)

−2un
(k,i)

+un
(k−i,i)

(∆y)2

]

+
[

un
(k,i+1)

−2un
(k,i)

+un
(k,i−1)

(∆x)2

]

+Grθ
n

(k,i) +GcC
n

(k,i) −M2un(k,i)









∆t

(9)

wn+1
(k,i) = wn

(k,i) +









−un(k,i)

[

wn
(k,i+1)

−wn
(k,i−1)

2∆x

]

+ V n
0

[
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(k+1,i)

−wn
(k−1,i)

2∆y

]

+

+
[
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(k+1,i)
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(k,i)

+wn
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(∆y)2
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+
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(k,i+1)
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(k,i)

+wn
(k,i−1)

(∆x)2

]

−M2wn
(k,i)









∆t

(10)

θn+1
(k,i) = θn(k,i) +











−un(k,i)

[

θn
(k,i+1)

−θn
(k,i−1)

2∆x

]

+ V n
0

[

θn
(k+1,i)

−θn
(k−1,i)

2∆y

]

+

1
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[

θn
(k,i+1)

−2θn
(k,i)

+θn
(k,i−1)

(∆y)2

]

+ 1
pr

[

θn
(k+1,i)

−2θn
(k,i)

+θn
(k−1,i)

(∆x)2

]

+ δ
pr
θn(k,i) + Ec

[

un
(k,i+1)

−un
(k,i−1)

2∆y

]2

+ Ec

[

wn
(k,i+1)

−wn
(k,i−1)

2∆y
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∆t

(11)

Cn+1
(k,i) = Cn

(k,i) +





−un(k,i)

[

Cn
(k,i+1)

−Cn
(k,i−1)

2∆x

]

+ V n
0

[

Cn
(k+1,i)

−Cn
(k−1,i)

2∆y

]

+

1
Sc

[

Cn
(k+1,i)

−2Cn
(k,i)

+Cn
(k−1,i)

(∆y)2

]

+ 1
Sc

[

Cn
(k,i+1)

−2Cn
(k,i)

+Cn
(k,i−1)

(∆x)2

]



∆t

(12)

As the x-axis is long the finite vertical plate then x varies from 0 to infinity.
The computations are performed using small values △x and △y where in the
research we set △x = △y = 1. Fixing y = 3.1 form which k = 31 as correspond-
ing to y = ∞ therefore set. V n

(31,i) = Un
(31,i) = W n

(31,i) = Cn
(31,i) = θn(31,i) = 0

because v, u, w, c and θ tends to zero around y = 3.1. The boundary condition
takes the form.

Initial conditions are:
At y = 0, u0(0,i) = 1, w0

(0,i) = 0, θ0(0,i) = 1, c0(0,i) = 1

y > 0, u0(k,i) = 0, w0
(k,i) = 0, θ0 = 1, c0(k,i) = 0

k > 0 and all i the boundary conditions takes the form
At y = 0, un(0,i) = 1, wn

(0,i) = 0, θ0(0,i) = 1, cn(0,i) = 1
x = 0, un(k,0) = 1, wn

(k,0) = 0, θn(k,0) = 0, cn(k,0) = 0
In the computation the prandtl number is taken as 0.71 which corresponds

to air, magnetic parameter M2 = 5.0 signifying a strong magnetic field and
Grashof number, Gr is varying from 0,−0.2, −0.4, −0.6, −0.8, −1 and corre-
sponding to convective heating of the plate. To ensure stability and convergence
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Figure 2: Primary velocity profile (u-graph)

of the finite difference method, the program is run using smaller values of △y
and △x such as 0.0001, 0.00005, 0.000015.

4. Results

4.1. Primary Velocity Profiles

From Figure 2, it is observed that as the Grashof parameter decreases primary
velocity profiles increases and as the distance from the plates increase, the curve
exhibits an increase in primary velocity profile from curves Gr = 0, Gr = −0.2,
Gr = −0.4, Gr = −0.6, Gr = −0.8, Gr = −1 respectively (heating of the plate
by free convection current).
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Figure 3: Secondary velocity profile (w-graph)

4.2. Secondary Velocity Profiles

From Figure 3, it is observed that as the Grashof parameter decreases from 0
to -1 the secondary velocities profiles increases but as distance from the plate
increases the curve exhibits a decrease in the velocity profile from the curves
Gr = 0, Gr = −0.2, Gr = −0.4, Gr = −0.6, Gr = −0.8, Gr = −1 respectively
(heating of the plate by free convection current).

4.3. Temperatures Profile

From Figure 4, it is observed that as the Grashof parameter decreases from
0 to -1 the temperature profiles increases, also as the distance from the plate
increases the curve exhibits an increase in temperature profiles from curves
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Figure 4: Temperature profile (θ-graph)

Gr = 0, Gr = −0.2, Gr = −0.4, Gr = −0.6, Gr = −0.8, Gr = −1 respectively
(heating of the plate by free convection current).

4.4. Concentration Profile

From the Figure 5, it is observed that as the Grashof parameter decreases
from 0 to -1 the concentration profiles increases but as distance from the plate
increases the concentration profile decreases exponentially as exhibited by the
curves Gr = 0, Gr = −0.2, Gr = −0.4, Gr = −0.6, Gr = −0.8, Gr = −1
respectively (heating of the plate by free convection current).
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Figure 5: Concentration profile (c-graph)

5. Conclusion

An analysis of the buoyancy effects of thermal and mass diffusion on velocities,
temperature and concentration profiles on MHD natural convection past a finite
vertical plate has been carried out. In all the cases considered, the velocity was
resolved into two components and the work restricted to laminar boundary
layer.

In the study the results obtained for Gr < 0 when the temperature of the
plate is less than that of the fluid in the free stream region, which implies that
the heat was being transferred from the fluid to the plate which refers to the
heating of the plate by free convection currents.

The results obtained for various values of Grashof parameter were presented
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graphically and in table form. It can be concluded that a decrease in Grashof
parameter leads to an increase in primary, secondary, temperature and concen-
tration profiles.
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