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Abstract

An analytic solution of unsteady flow of an incompressible and elec-
trically conducting fluid past an infinite vertical plate, under the action
of uniformly applied magnetic field has been presented. A uniform mag-
netic field is applied along an axis perpendicular to plane of the plate.
The plate temperature is raised with time (t/ > 0). The dimensionless
governing equations are solved in closed form by using Laplace trans-
form tecnique. The solution are expressed in terms of exponential and
complimentary error function. The effect of flow parameters on velocity,
temperature, concentration, the rate of heat and mass transfer and sher-
wood number have been discussed in detail with the help of graphs. It
is found that velocity profile increases with Grashoff number whereas it
adversely effect the skin friction coefficient.
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INTRODUCTION

The study of MHD free convective flow with heat and mass transfer have attaracted
the attention of a number of scholars due to diverse applications. In astrophysics and
geophysics it is applied to study the steller and solar structures, radio propagation through
the ionosphere etc. In engineering we find its applications in MHD pumps, MHD bearings
and MHD converter etc.From tecnological point of view, MHD convection flow problem
are also very significant in the fields of stellar and planetary magnetosphere, aeronautics,
chemical engineering and electronics. The study of radiative heat transfer flow is very
important in manufacturing industury for the design of reliable equipments, nuclear power
plants, gas turbines and various propulsion devices for air craft, missiles, satellites and
space vehicles.

In view of the importance of the thermal radiation effect along with, chemical reaction
and heat source several authors have carried out their researches to investigate the effect
of these on heat and mass transfer problems. Recently Garg [1] has analysed the mag-
netohydrodynamics and rdiation effects on the flow due to moving vertical porous plate
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with variable temperature. Effects of radiation on MHD flow past an accelerated isothrmal
vertical plate with heat and mass diffusion were studied by Muthucumaraswamy et al.[2].
Prakash et al.[3] studied diffusion-thermo and radiation effects on unsteady MHD flow
through porous medium past an impulsively started infinite vertical plate with variable
temperature and mass diffusion. Singh and Garg [4] studied exact solution of an oscilla-
tory free convective MHD flow in a rotating porous channel with radiative heat effects .
Hall current on free convective flow past an accelerated vertical porous plate in a rotating
system with heat source/sink have been investigated by Singh and Garg [5]. Rajput and
Kumar [6] have presented radiation effects on MHD flow past an impulsively started verti-
cal plate with variable heat and mass transfer. Prasad et al. [7] have presented combined
effects of thermal radiation and hall current on vertical moving porous plate in a rotating
system with variable temperature.Combined heat and mass transfer by mixed convection
MHD flow along a porous plate with chemical reaction in the presence of heat source in-
vestigated by Zueco and Ahmed [8] .Poonia and Chaudhary [9] studied the effect of heat
transfer on MHD free convective flow through porous medium with viscous dissipation.
Effects of heat and mass transfer on MHD unsteady convective flow along a vertical porous
plate with constant suction studied by Chand et al. [10].Ahmed and Kalita [11] peresented
analytical and numerical study for MHD radiating flow over an infinite vertical surface
bounded by a porous medium in presence of chemical reaction. Effects of chemical reac-
tions and radiation on an unsteady MHD flow past an accelerated infinite vertical plate
with variable temperature and mass transfer investigated by Ahmed et al.[12]. Rana [13]
presented free convection effects on the oscillatory flow past a vertical porous plate in the
presence of radiation for an optically thin fluid.

The object of the present paper is to study the effect of magnetic field on unsteady
free convective flow past along an accelerated infinite vertical porous plate in the presence
of variable temperature, thermal radiation, heat source and constant suction.The dimen-
sionless governing equations are solved using Laplace transform tecnique.The expressions
for velocity, temperature and concentration have been obtained in terms of exponential
and complementary error function.

NOTATION
A= %) ® —constant
a :acceleration
By :the magnetic induction
cp specific heat of the fluid at constant pressure
G, :Grashoff number
Gy, :modified Grashoff number
g : acceleration due to gravity
k, :permeability of porous medium
K' :porosity parameter
M :magnetic field parameter
N :radiation parameter
P, : Prandtl number
S, :Schmidt number
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t :time

u :fluid velocity along x-axis

v :fluid velocity along y-axis

:suction parameter

:coefficient of thermal conductivity
:coeflicient of viscosity

kinematic viscosity

:electrical conductivity
‘Temperature

:density of the fluid

T TAxT e

GOVERNING EQUATIONS

Consider an unsteady, free convective flow of an incompressible, electrically conducting
viscous fluid past an accelerated infinite vertical plate with variable temperature and mass
transfer under the influence of a uniform transverse magnetic field By. We introduce

a co-ordinate system (x/,y/,z') with origin at the accelerated plate which is subjected
to constant suction velocity Vj, the % — axis is taken along the plate in the upward
vertical direction, y/ — axis is taken along normal to the plate directed in to the fluid
region. Let (ul,070> be the fluid velocity at the <x,,y',z’) when time ¢ > 0. Initially

(i.e when t < O), the plate is at rest relative to the fluid (i.e u =0 ) and the fluid at
the plate’s surface has the same temperature and concentration as those at the edge of the
boundary layer i.e T, ;o and Céorespectively. Initially when (t/ < 0) the fluid temperature

and concentration are assumed to remain constant through out the fluid region. At time
t > 0 the plate is accelerated with a velocity u = at’ in its own plane and the temperature
at the plate is raised linearly with respect to time and concentration near the plate is
assumed C, .

Under Boussinesq approximation the equations governing the flow are:

Equation of continuity

ov
(1) 5
Equation of motion
8’1,1/ /8ul 82’1,&/ ’ ’ ’ ’ O'B2 ’ |2
SR A SOy U WPV (e e WL

Equation of energy

!

oT

AT 271 b
or _ » 07T _iiq,_&@ -1..)
dy pcp Oy pep Oy PCp
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!

Equation of mass transfer
0C" 92C"

ac / ! /
where «'and v'- denotes the velocity component in the boundary layer in direction

% — azxis and y/ — axis respectively; T'- the temperature inside the boundary layer; T;o—
the temperature of the free stream; ¢ - the time; 8 and B.- the volumetric coefficient of
thermal and concentration expansion respectively; C'-the concentration in the boundary
layer; CC/,O— the concentration in the fluid far away from the plate; Q{-heat source parameter;
D-thermal diffusivity; K 1—coefﬁcient of first order chemical reaction parameter. Here

8q/ 2 / ’

9 _ 4o (T -7 )

oy o
is a radiative heat flux Cogely et al.[14] where « is radiation absorption cofficient.
The flow is governed by the following initial and boundary conditions:

(5) W =0T =T.,,C' =C,, forally, t <0

©) {ﬁjﬂwé@ﬁuf;%%—%%m0=%

, , Y for all £ > 0
at y —oo,u = 0,7 =T, ,C —Cq

From equation of continuity (1), it is clear that suction velocity normal to the plate
is constant. Hence from the equation of the continuity we obtained:

!

) V=1



GANITA, Vol 64, 2015, 43-56 47

V0 is a non zero positive constant suction velocity, the negative sign indicates that the
suction is towards the plate.
Governing equations in non-dimensional form are,

ou ou  9%*u

1
o0 00 0%
Po— —wP,— = — — (N?+ QP
oC oCc  o*C
1 _— _ = — _
(10) Sy~ WSegy = gz — SK1C

where the non-dimensional quantities used above are

’ 1 1 1
_ _u — (a3 4 (a®)3 — W 2a ()3
v= (l/a)%,yiy (VQ) t=t (V) T (Va)%’ \/E<a
/ / ! !
11 98 Tw_Too 9Bc Cw_coo / 2 nC,
g o) g oHOC) g (a)Ep, — s,
_oB2 uNL o, T T _Jd-c _Qy (v ol (v
M o ((72) 0= T;—Tz’c - CL—CZ’Q oCp (?2 Ko =Ky (¢T2

The initial and boundary conditions in dimensionless form are as follows:

(12) u=0,0=0,C=0 forally, t<0
aty=0,u=t,0=t,C=1
(13) {aty—>oo,u—>0,9—>0,0—>0} for all £ >0

The dimensionless governing equations (8)to (10), subject to boundary conditions (12)
and (13) are solved by using Laplace transform tecnique and it transform to following set
of equations.

du  du 1y _ 7 =
d%0 do _
1 ~ 4+ wP—~—(P.S+N?>+QP)0 =
(15) iy (PS+N*+QP)0=0
- _
(16) E+wSc£—SC(S+K1)€=0

dy? dy
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subject to the boundary conditions

{

(17)

aty=0,u=
at y — oo,u

0

$0= 3.0 =
— 0,0 -0,C —

1
S
0

|

The solution of the equations (14) to (16) under the boundary condition (17) are given
by following expressions.

Gy, M M. T
1 e (S <s 5+ ) o Asy
S2 G M
o (Ma g + ok
(18) = (Sc—1) ( S (S 042) (S—B2)
G M M. —A
—wy ($ sy ey ) ¢
Gm (M M “a
I G 5+<s oy Ty ) e ]
_ 1
(19) 0= cze Aay
— 1
(20) C = e

(21)

5'2

Taking inverse Laplace transforms of the equations(18) to (20) ,we obtained the fol-
lowing expression for the velocity, temperature and concentration profile

[ —Ajs (exp Xyerfem + exp Xaer feny) — Ay (n3 exp Xzer fens — ngexp Xyer feny)
— A5 (exp Xser fens + exp Xyer feny) + Ag (15 exp Xser fens — ne exp Xeer feng)

+ A7 (exp Xser fens 4+ exp Xger feng) + As (exp Xrer feny 4+ exp Xser feng)
+A11 (exp Xyser fems + exp Xyger feniy)

(22)

(23)

+Ag (exp Xger feng + exp Xiper fenio) + Ao (exp Xi1er fenin + exp Xiser fena)
— Aqs (exp Xyser fems + exp Xyger fenie)
— Ay (exp Xyrer femr + exp Xyser fems) —

A14 (exp Xyger fenig + exp Xoger fenao)
—A15 (exp X216’I“fC?’]21 + exp XQQBT’fCT]QQ)

0= [ A (n3exp Xzerfenz — naexp Xyer femn) |

C = 5 (exp Xjerfem + exp Xoer feng)

SOME IMPORTANT CHARACTERSTICS OF FLOW FIELD
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The skin friction coefficient at the plate in non — dimensional form is given by

(24) 7=

(%)
r__(Z
y =0

As (myer feny — maer feng) + Ag (n3mser fens 4+ namaer feny)
+As (mger fens — myer feny) — Ag (nsmser fens + nemeer feng)

— Ay (mser fens — mger feng) — Ag (mrer feny — mger feng)
—Ag (mger feng — mager fenig) — Aro (marer fenn — mager fenia)
—Aq1 (mazer fems — mager fena) + Ara (maser fems — magser feng)
+A13 (myizer fenr — mager femg) + Arg (myger fenig — mager fenao)
+A15 (marer fenar — mager fengs)

From the temperature profile the rate of heat transfer (Nu), in non - dimensional form

is given by,

(25)

e (2)
oy =0

Nu = [-Ay (n3maer fenz + namaer feny)]

The mass transfer coefficient(Sh), at the plate in non — dimensional form is given by,

(26)

Sh=— (30)
y =0

1
$h =~ L mierom — maer fom)

The constants used above have been listed in the appendix.

RESULTS AND DISCUSSION

In order to illustrate the physical significance of the results the numerical calculations
have been carried out. The value of Schmidt number is taken 0.22 and 0.66 which corre-

sponds to Hydrogen and Oxygen respectively 20°C. The value of Prandtl number is taken

0.71, 3 and 7 which corresponds to air, Freon and water. Freon represents several different
chlorofluorocarbons which are used in commerce and industries. The values of all the other

parameters are taken arbitrarily. Only real part of the result has been considered. The

effects of various parameters on the velocity profile are shown graphically in Fig.2. It is ob-

served from this figure, that the velocity increases with the increase in the Grashoff number
G, the modified Grashoff number G,,,,the porosity parameter k, whereas it decreases with
the increase in Magnetic field parameter M, the Schmidt number S., radiation parameter

N, heat source parameter (), chemical reaction parameter K; and suction parameter w.
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The variation in temperature profile with radiation parameter is shown in Fig.-3.
This figure clearly depicts that the increasing radiation parameter has adverse effect on
the temperature.The

variation in temperature profile with time is shown in Fig. - 4 and we observed that
temperature increases with increase in time. From the Fig. - 5 it is observed that the
concentration increases with the increase of time whereas it decreases with the increase in
Schmidt number and chemical reaction parameter. From the Fig.-6 it is clear that coeffi-
cient of skin friction increases with the increase in Magnetic field parameter M, Schmidt
number S., chemical reaction parameter K7, heat source parameter (), suction parame-
ter w and it decreases with the increase in Grashoff number G,, the modified Grashoff
number G,,, porosity parameter k,. From the Figs. -7& 8 it can be interpreted that the
Nusselt number increases with increase in Prandtl number P, and radiation parameter V.
From the Fig.-9 it is evident that Sherwood number increases with the increase in Schmidt
number S, and chemical reaction parameter K.

PHYSICAL SIGNIFICANCE OF RESULTS

Physically if (G, > 0), it means cooling of the plate (or heating of the fluid) i.e. in free
convection current which transfer heat away from the plate into the boundary layer region,
therefore increasing value of Grashof number accelerates the flow.With the increase of
magnetic field parameter, Lorentz forc e increases opposite to the direction of flow of fluid.
This force has tendency to slow down the motion of the fluid therefore velocity decrease.
With the increase of porosity parameter, resistance offered by porous medium decreases and
consequently fluid velocity increases. Prandtl number is defined as the ratio of kinematic
viscosity to the thermal diffusivity, therefore with the increase in Prandtl number viscosity
increases which retard the fluid. As Schmidt number increases, the concentration decreases.
This is attributed to the fact that higher value of Schmidt number amount to fall in the
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chemical molecular diffusivity therefore less diffusion takes place by species transfer causing
a reduction in concentration.

CONCLUSION

In this paper chemical reaction ,heat source and radiation effects on unsteady MHD
heat and mass transfer flow of a viscous, incompressible, electrically conducting fluid past
an accelerated infinite vertical plate with variable temperature in the presence of applied
magnetic field through porous medium has been studied. The dimensionless governing
equations are solved using Laplace transform technique. The main finding can be summa-
rized as:

1. The velocity increases with the increase of the Grashoff number and porosity
parameter, whereas it decreases as the magnetic field parameter , radiation parameter and
heat source parameter increases.

2. Velocity decreases with the increase of suction parameter indicating the usual
fact that suction stabilize the boundary layer . Sucking decelerate fluid particle through
the porous wall reduce the growth of fluid boundary layer and hence velocity decreases.

3. Radiation parameter has adverse effect on temperature profile.

4. The skin friction coeflicient decreases with the Grashoff number and porosity
parameter whereas it increases with magnetic field parameter.

5. Concentration decreases with the increase in Schmidt number and chemical

reaction parameter.
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APPENDIX

Xi= (=% y Xo=—(i+%5)y  Xy=(b—"H")y
Xe=—(ba+ 1)y Xs=(bs— %)y Xe=—(bs+ %)y
Xr=0bs— %)y Xg=—(ba+%)y Xo=(bs— %)y
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Xio=—(bs+ %)y Xi=(bs—%5)y Xip=—(bs + %)y
Xiz=(0br—%)y Xuu=—(br+ )y Xi5 = (bs — %)y
Xig=—(bs+2¥)y Xir = (bg — 2¥)y Xig=—(bo+2¥)y
Xi9 = (b0 — 29%) y Xoo=—(bo+29%)y  Xo1= (bu—%)y
Xog = — (b1 + 2% y my = (b — %) ma = (b + 29
mg = (by — %) ma = (b + %) ms = (bs = )
mo=(s+ ) ma=(u-f) s = (b + )
mg = (bs — ) mip = (bs + ) mir = (b — )
miz = (bs + ') muz = (br — %) mis = (br + %)
mys = (bs — Z5%) mig = (bs + %) mir = (bg — £5%)
mis = (bg + £5Y) mig = (bip — 29%) mag = (bio + 29%)
_ Scy+2b1t _ Scy—2bit _ Pry4206ot
771_2\/{5\/576 772—2\/5\/5—6 773—2\/2\/2
_ Pry—2bot _ y+2bst _ y—2bst
774—2\/;5@ 5 = NG Ne = W/t
my = Ui g = L5 my = LE20
Mo = y;f/bft mi = y;\g/bft M2 = y;\g/bft
T3 = y;rf/b{t Ta = y;\Q/b{t Mms = Z’%Jrj%it
o = SR o = A L= A
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N22 = 755%\2/%1:
_ —Bi+WVP/(P—1)(r—¢) _ —=Bi-WVP/(P=1)(r=£) _ —B2+WVScy/(Sc—1)(r—K1)
“= 7D 42 = &1 @3 = (Se=1)

By WS/ (-1 (r—K1) _
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bg = \/az + X2 47 br = /as+ 2 4 bs = V/PryJay + Wole 4 ¢

bg = vV Pry/ao + WZPT +& b= \/Sc\/ag + WzSC + K3

b1 = VS, CL4-|—%+K1

_ VivP _ W/t _ Gm Ms
Ar= 262 Ay = 2b3 Ay = S.—1 2
r M —
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Az = (PTA 2 ) Al = 52073 A5 = 5207
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=5 +0Q r=M+ &
2 1 _ 1
BlzN +QP7»—M—K7P BQ—SCKl—M—KiP
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