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Abstract. We have considered the unsteady MHD flow throudboaely packed porous
medium in an impulsively started vertical platehwiariable heat and mass transfer. The
temperature of plate is made to rise linearly withe. The fluid considered is gray,
absorbing-emitting radiation but a non-scatteringdiam. The governing equations
involved in the present analysis are solved by lthplace-transform technique. The
velocity, skin friction, Nusselt number and Sherdooumber are obtained and
computationally discussed for different governirgameters with the combination of the
other flow parameters are illustrated graphicallyd physical aspects of the problem are
discussed.
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1. Introduction

The study of oscillatory flow of an electricallyraducting fluid through a porous channel
saturated with porous medium is important in mahysmlogical flows and engineering
applications such as magneto-hydrodynamic (MHD)egators, arterial blood flow,
petroleum engineering and many more. Several authave studied the flow and heat
transfer in oscillatory fluid problems. To mentigust a few, Ajibade and Jha [1]
presented the effects of suction and injection gdrddynamics of oscillatory fluid
through parallel plates. The same authors exteritdedproblem to heat generating
absorbing fluids in [2] while in [3] the effect gfscous dissipation of the free convective
flow with time dependent boundary condition wasestigated. More recently, Adesanya
and Makinde [4] investigated the effect of radiativeat transfer on the pulsatile couple
stress fluid flow with time dependent boundary dtiad on the heated plate. Other
interesting cases on hydro magnetic oscillatorigfflow under different geometries can
be found in [5-11] and references therein. Recelberakrishna and Swarnalathamma
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[12,13] discussed the peristaltic MHD flows. Veershna and Gangadhar Reddy [14,15]
discussed MHD free convective rotating flowsvestigation of two-dimensional steady
laminar flow with mixed-convectiodue to a inclined stretching vertical sheet with MH
and partial slip over nanofluidsdone numerically by Pragyal and Vasanthakunidj. [
The combined effects of viscous dissipation andeJbeating on unsteady MHD flow
over a stretching sheet saturated in porous medignanalyzed by Sharma and Sharad
Sinha [17]. Thirunavukarasul and Bhuvaneswari [IB$)cussed the study of
Magnetohydrodynamic flow version of the Cassondfldiow with Hall effect and
Rotation in the presence of an inclined magnegicfand porous medium.

In this paper, we have considered radiation effentMHD flow past an impulsively
started vertical plate with variable heat and ntessssfer. The results are shown with the
help of tables and graphs.

2. Formulation and solution of the problem

We consider the flow of unsteady viscous incompiés$luid through a porous medium
past a vertical plate. The axis is taken along the plate in the upward dioacandy-
axis is taken normal to the plate. Initially theifl and plate are at the same temperature.
A transverse magnetic fielB, of uniform strength is applied normal to the plate
shown in figure 1. The viscous dissipation and aetlmagnetic field has been neglected
due to its small effect. Initially, the fluid andage are at the same temperatlitand
concentrationC,in the stationary condition. At time>0, the plate is moving with a
velocity u = U in its own plane and the temperature of the pktised toTl,, and the
concentration level near the plate is raised lilyasith respect to time.
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Figure 1. Physical configuration of the problem

The unsteady hydro magnetic equations of the Miél through porous medium are as:

ou_ 0u o.B? %
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oc_p o
ot ! 6y2 (3)
The initial and boundary conditions
u=0T=T,,C=C,, t<0 Oy (4)
u=u,, T=T,+(T,-T,)AC=C, +(C,-C, )AL, y=0 (5)
Uu-0T-T,,C-C,, yom (6)
u2
whereA= "2,
v

The local radiant for the case of an optically thiay gas is expressed by
% _ 4o (T} -T%)

% (7)
Considering the temperature difference within tloavfsufficiently small, T* can be
expressed as the linear function of temperaturis iStaccomplished by expandiag in
a Taylor series about, and neglecting higher-order terms, thus

TO41T -31} (8)
Using equations (7) and (8), equation (2) reduges t
T :kﬁ +16a 0 (T2 -T%) 9)
Pot  ay? ”
Introducing the following non- dimensional quarsti
5 U o W , T-T, 5 C-C, ., t&
SRR AL e e el
Making use of non-dimensional variables, the equati (1), (2) and (9) leads to
(dropping asterisks)

@:@—(M%ijwermemc (10)
ot oy’ D
06_106 R

oo Ro’ PR (11)
aC 1 9°C

ot Scoay? (12)
With boundary conditions

u=0,=0,C=0, t<0,0vy (13)
u=16=tC=t, y=0 (14)
Uu-06-0,C-0,as y- o (15)
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. .. 2 _ a-eBgV .
is the Radiation parameteM = > is the Hartmann

16a V?oT2
kug
ku2 ngV(TW _Too)
3

number,D = —20 is the Darcy parameteGr =

v Ug
98v(C,~-C.)
%

Where, R =

is the thermal Grashof

#c,

number,GM= the mass Grashof numbe?r =

is Prandtl parameter

and Sc =~ is the Schmidt number.

1
The dimensionless governing equations (10) to (4@hject to the boundary conditions
(13) to (15), are solved by the usual Laplace faans technique. We obtained velocity,
temperature, concentration of floe field.

The non-dimensional shear stress is given by

du 1 (du
=— — = — (16)
(dny:O Z\E[df]{zo
The non-dimensional Nusselt number is given by
dé 1 (dé
Nu=-| — = — a7
(&), "2l e,
The non-dimensional Sherwood number is given by
Sh= _(d_CJ -1 (d_cj (18)
dy ), 24/t0dE ),

3. Results and discussions

Figures (2-8) have been displayed for the velodémperature and concentration. Skin
friction, Nusselt number and Sherwood number apsvahin Tables (1-3). The velocity,
temperature and concentration profiles for sombstgavalues of Prandtl number Pr (Pr
= 0.71, 0.16, 3 for the saturated liquid Freon#8.2° and Pr = 7 for water) and Schmidt
number Sc (Sc = 0.2 for hydrogen) respectively.nfFrigure (2), this presents the
velocity profile for different values of M beinghmr parameters fixed. We noticed that
the velocity decreases with increasing the HartmaummberM. It is due to the fact that
the application of transverse magnetic field resaltresistive type force (Lorentz force)
similar to drag force and upon increasing the isitgrof the magnetic field which leads
to the deceleration of the flow. Figure (3) is sketd in order to explore the variations of
permeability parameteD. It is found that the magnitude of the velocitgreases with
increasing the values of permeability paramg&emhis is due to the fact that increasing
the permeability reduces the drag force which tstlie fluid considerably to move fast.
Likewise the magnitude of the velocity reduced continuously with increasing the
radiation parameter R from figure (4). It is cléam figure (5), the velocity decreases
with increasing the thermal Grashof number Gr (ompbplate), where as there sharp
enhancement in velocity for heating the plate, thisncrease sustains away from the

454



Unsteady MHD Convective Flow of an Incompressibiecdus Fluid Through Porous
Medium Over a Vertical Plate

plate. The effect of radiation parameRwon the temperature profile is shown in figure
(6). It is found that the temperatures, being aga#sing function oR, decelerates the
fluid flow and reduce the fluid velocity. Such afieet may also be expected, here as
increasing radiation paramet& makes the fluid thick and ultimately causes the
temperature and thermal boundary layer thicknessdoce. Hence it is observed that the
temperature decreases with increasing the radiggamameterR throughout the fluid
region. The Prandtl number actually describes tHationship between momentum
diffusivity and thermal diffusivity and hence caritrthe relative thickness of the
momentum and thermal boundary layers. From Figute Wwe observed that the
temperature reduces with increasing the valuesafid® number Pr, it is also observed
that the thermal boundary layer thickness is marinmear the plate and reduces with
increasing distances from leading edge and firgglgroaches to zero. It is also justified
due to the fact that thermal conductivity of theidl decreases with increasing Prandtl
number Pr and hence decreases the thermal boulagaryand the temperature profile.
Figure (8) depicts the increasing values of Schrmidmber S lead to fall the
concentration profiles throughout the fluid.

The numerical values of the skin frictior),(Nusselt numbemNu) and Sherwood
number §h) are computed and are tabulated in the tableg,(Ir3ll these tables the
comparison of each parameter is made with firstirothe corresponding table. It found
from table (1), the effect of each parameter ondgkia friction shows that; enhances
with increasingR, D, Pr, Gr, Gm,Sc and timet, while decreases withl and —Gr. It is
observed from table (2) that Nusselt numbierincreases with increasirig Pr andt.
From table (3) we observed that Sherwood numbes goéncreasing with increasiisg
andt.

0.0 0.2 0.4 0.6 0.3 10

Figure 2: The velocity Profile fou againstM with
D=1; P=0.71,; t=0.1; Sc=2; R=1; Gr=5; Gm=10
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Figure 3: The velocity Profile fou againsD with
M=2; P=0.71; t=0.1; Sc=2; R=1; Gr=5; Gm=10

Figure4: The velocity Profile fou againsR with
D=1; P=0.71; t=0.1; Sc=2; M=2; Gr=5; Gm=1

Gr=-10,-5, 5,10

Figure5: The velocity Profile fou against Gr with
M=2; D=1; P=0.71, ; Sc=2; R=1; t=0.1; Gm=10
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Figure 6. The Temperature Profile foragainst R with P=0.71; t=0.1
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Figure 7: The Temperature Profile féragainst Pr with R=2; t=0.1
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Figure 8: The Concentration Pr-bfile for C against Sc with.t=
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Table 1: The effects of various parameters on Skin fric{gmear stresg))

R M K Pr Gr Gm Sc t T

1 2 1 0.71 5 10 2 0.2 3.6704.
2 2 1 0.71 5 10 2 0.2 4.2935¢
3 2 1 0.71 5 10 2 0.2 4.8424.
1 3 1 0.71 5 10 2 0.z 3.4833¢
1 4 1 0.71 5 10 2 0.2 2.1562¢
1 2 2 0.71 5 10 2 0.z 3.7053:
1 2 3 0.71 5 10 2 0.z 3.7155:
1 2 1 0.16 5 10 2 0.2 3.1454.
1 2 1 3 5 10 2 0.z 5.2235
1 2 1 7 5 10 2 0.z 10.409:
1 2 1 0.71 10 10 2 0.2 3.9235°
1 2 1 0.71 15 10 2 0.z 4.1767:
1 2 1 0.71 -10 10 2 0.z 2.9109¢
1 2 1 0.71 -15 10 2 0.2 2.6578!
1 2 1 0.71 5 5 2 0.z 1.9617¢
1 2 1 0.71 5 15 2 0.z 5.3790¢
1 2 1 0.71 5 20 2 0.2 7.0877(
1 2 1 0.71 5 10 3 0.z 3.7825¢
1 2 1 0.71 5 10 4 0.2 4.3693:
1 2 1 0.71 5 10 5 0.z 4.9970:
1 2 1 0.71 5 10 2 0.3 4.8446t
1 2 1 0.71 5 10 2 0.4 6.0616!
1 2 1 0.71 5 10 2 0.5 7.0496(

Table 2. The effects of various parameters on the Rateaf transfer (Nu)

R Pr t Nu

1 0.71 0.1 0.19587!
2 0.71 0.1 0.21637!
3 0.71 0.1 0.23583!
4 0.71 0.1 0.25435!
1 0.16 0.1 0.10755!
1 3 0.1 0.63471I
1 7 0.1 1.39316!I
1 0.71 0.2 0.33144.
1 0.71 0.3 0.46124!
1 0.71 04 0.58859:
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Table 3: The effects of various parameters on the Sherwmomaber (Sh)

Sc t St

2 0.1 0.10451.
3 0.1 0.22621:
4 0.1 0.35682!
5 0.1 0.49312I
2 0.2 0.14780;
2 0.3 0.18101!
2 0.4 0.20902:
2 0.5 0.23369!

4, Conclusion

1. The velocity decreases with increasing the Hartrmammber M.

2. The magnitude of the velocity increases with insiegithe values of permeability
parameter D.

3. The magnitude of the velocity enhances and reduced continuously with
increasing the radiation parameter R.

4. The temperature decreases with increasing thetiadisarameter R or Pr.

5. The increasing values of Schmidt number Sc leddltahe concentration profiles
throughout the fluid.
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Appendix:
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