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ABSTRACT

The unsteady MHD transient free convection flow of an incompressible viscous electrically conducting fluid
between two infinite vertical parallel plates with variable temperature and uniform mass diffusion in a porous medium has
been considered, under the assumption that the induced magnetic field is negligible. Applied magnetic field is fixed
relative to the fluid and plates. The Laplace transform method has been used to find the solutions for the velocity,
temperature and concentration profiles. The velocity, temperature and concentration profiles have been studied for
different parameters like Prandtl number, Schmidt number, magnetic parameter, buoyancy ratio parameter, permeability
parameter and time. The value of the skin-friction for different parameters has been tabulated.
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1. INTRODUCTION

The Study of flows through porous medium has
become of great interest in many scientific and
engineering applications, such as, in chemical engineering
for filtration and purification process; in agriculture
engineering to study the underground water resources; in
petroleum technology to study the movement of natural
gas, water and oil through the oil reservoirs. Singh et al.,
[1] have studied the transient free convection flow of a
viscous incompressible fluid in a vertical parallel plate
channel, when the walls are heated asymmetrically. Jha
BK. [2] has studied the combined effect of natural
convection and uniform transverse magnetic field on the
unsteady couette flow. Narahari et al., [3] have studied the
transient free convection flow between two infinite
vertical parallel plates with constant heat flux at one
boundary. Jha et al., [4] have presented the transient free
convection flow in a vertical channel as a result of
symmetric heating of the channel walls. Transient free
convection flow of a viscous and incompressible fluid
between two vertical walls as a result of asymmetric
heating or cooling of the walls is studied by Singh and
Paul [5]. Narahari Marneni [6] has studied the transient
free convection flow of a viscous incompressible fluid
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The initial and boundary condition are as follows:

t'<0: u' =0, T'=T,,
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between two infinite vertical parallel plates in the presence
of constant temperature and mass diffusion.

2. MATHEMATICAL ANALYSIS

In the present problem, we assume that the
magnetic Reynolds number is so small that the induced
magnetic field can be neglected in comparison to the
applied one. A magnetic field (fixed relative to the fluid

and plates) of uniform strength B is assumed to be
applied transversely to the plates. The X - axis is
considered along one of the vertical plates and y' - axis is
taken normal to the plates. Initially, at time t'< 0 the

temperature of the fluid and the plates are same as Td' and

the concentration of the fluid isC/ . At t' > 0, the plate
temperature is raised linearly with time t and the
concentration of the fluid at Y = 0 is raised to C\:v

causing the flow of free convection currents. The
governing equations under the usual Boussinesq’s
approximation are as follows:

)

)

3)
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t'>0: u :0, T :Td+ w Td)?a

u’'=0, T'=T,, c'=C;
Where,

U’ = velocity of the fluid

g = acceleration due to gravity

[ = volumetric coefficient of thermal expansion
t'= time

d = distance between two vertical plates

T' = temperature of the fluid

Td' = temperature of the plate at y' =d

p "= volumetric coefficient of concentration expansion
C' = species concentration in the fluid

Cé = species concentration at the plate y' =d

V = kinematic viscosity

Y'= coordinate axis normal to the plates

p = density

C 0= specific heat at constant pressure

k = thermal conductivity of the fluid
D = mass diffusion coefficient

r__ r
TW = temperature of the plate at Y’ =0

r_ . . ! _
CW = species concentration at the plate Y = 0.

B, = uniform magnetic field
O = electrical conductivity

K= permeability of the porous medium.
Introducing the following
quantities:
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Where,

u = dimensionless velocity
y = dimensionless coordinate axis normal to the plates
t = dimensionless time

6 = dimensionless temperature
C = dimensionless concentration
Gr = thermal Grashof number
Gm = mass Grashof number

L = coefficient of viscosity

Pr = Prandtl number
Sc = Schmidt number
N = buoyancy ratio parameter
M = magnetic parameter
K = permeability parameter.
The model is then transformed into the following
non-dimensional form of equations:

M _ginc+ T8 mu-Ly, (©)
at oy’ K
2
Prae af, 7
at oy
2
S(3C 8(;7. ®)
ot oy
The initial and boundary conditions become:
t<0: u=0, @6=0, C=0 for 0<y<I,
t>0: u=0, 0=t, C=1 at y=0,
u=0, 6=0, C=0 at y=1, (9)

The final solution of equations (6), (7) and (8)
with boundary condition (9) is as under:

Fl(b,l,cl,t)}+£ v ZHJZ{ (b,L,H,t)-F (a,LH,t)}

n=0

1 (bala Czat)}

0

{ (a,Pr,0,t)—F (b,Pr,0,t)}
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+%i{ﬁ(a,8c,0t) F, (b,5¢,0.t)}, (10)
o(y,t) = i[{ﬁ (a,Pr,t)—F, (b.Pr,t)], (11)
C(y,t)= Z{ {F.(a,Sc,0,t)— (b,Sc,o,t)}}. (12)

Casell: Pr=1,Sc#1

u(y,t)——Z{ (b,1,H,t)- F(a,l,H,t)}+%i{F2(b,1,H,t)—Fz(a,l,H,t)}

+%exp(Qt)§{ - (a,1,¢,,t) = F, (b, 1,c,,t)}+ %g{ﬁ(a,l,t) (b,Lt)}
+%exp(Qt)§{Fl(b,Sc,Q,t)—Fl(a,SC,Q,t)} %Z{E(a,s@m) F, (b, Sc,0.t)}, (13)
o(y,t) = g[{ﬁ (a,1,t)-F(b,Lt)}], (14)
C(y,t)= Z[ {F.(a,Sc,0,t)— (b,Sc,o,t)}}. (15)
CaseIII: Pr#1,Sc=1

u(y,t):2:|R exp(Rt)g{Fl(a,l,cl,t)—Fl(b,l,cl t)}+(ﬁ+%}i{ F (b, H,t)-F (a,1,H,t)}

+%i{ (b.LH.)—F, (., H,t)} + 2I:R exp(Rt) S {F (b.Pr,R.t)~ F (a,Pr,R.t)}

n=0 n=0

0

2:|R§{ a,Pr,0,t)—F (b,Pr,0,t)} %Z{ a,Pr,t)—F, (b,Pr,t)}
0

+%i{ﬁ(a,l,o,t)—Fl(b,l,O,t)}, (16)
6(y.t) = S [{F, (a,Pr.t)— F, (b, Pr.t)}] (17)
C(y,t)= Z{ {F(a,10,t)- (b,1,o,t)}}. (18)

CaselV: Pr=1,Sc=1
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u(y,t):li{ b,1,H,t)—F (a,1,H,t)}+ i{ (b,L,H,t)-F, (a,1,H,t)}

1
2 H n=0 H n=0

a,l,t

| =
ﬁ:;{
o(y,t) = i[{ﬁ (a,1,t)—F (b,Lt)}],

C(y,t)= Z{ {F(a,10,t)- l(b,l,O,t)}}

1

\mea:2n+y,b:2—y+2mP1:M4WZ,R:

3(b,l,t)}+li{ﬁ(a,l,0,t)—
2H n=0

F,(b,1,0,t)}, (19)

(20)

21)

H =H+R,

H
B = , C
_IQ

c,=H+
Sc-1 2 Q

and F(D,,D,,D,,D,),F,(D,,D,,D,,D,) and F,(D,,D,, D;) are defined in appendix as:

D,/D
F(D,D,,D,,D,)=exp(-D,/D, D, Jerfc /D,

20D,

F(D,,D,,b;,D,)= CXP( D,/D,.D, )erfc —\/—

o
D, D

2 "ayp,

D,/D
(DD, D, Jerfc Z‘J\/H?+JD3.D4

and

D,/D
~J/D,D, |+exp( DD, D, Jerfc 2“/\/3?+1/D3.D4 ,

24\/_

2 D 5
FS(D13D25D3):(D3 D jerfc \/— (Dl %]exp(_ Dl Dzj
2,/D, V 7z 4D,

3. RESULTS AND DISCUSSIONS

The numerical values of the velocity,
concentration, temperature and skin-friction are computed
for different parameters like Prandtl number Pr, Schmidt
number Sc, magnetic parameter M, buoyancy ratio
parameter N, permeability parameter K and time t. When
N = 0, there is no mass transfer and the buoyancy force is
due to the thermal diffusion only. N > 0 means that mass
buoyancy force acts in the same direction of thermal
buoyancy force, while N < 0 means that mass buoyancy
force acts in the opposite direction. The values of the main
parameters considered are: the magnetic parameter M =
1.0, 2.0, 3.0; time t = 0.2, 0.4, 0.6; buoyancy ratio
parameter N = 0.2, 0.4, -0.2, -0.4; permeability parameter
K = 0.5, 1.0; Prandtl number Pr = 3 (for the saturated
liquid Freon at 273.3°K), 7 (for water) and 10 (for
Gasoline at 1 atm. Pressure at 20 °C) and Schmidt number
Sc = 0.22 (for Hydrogen), 0.60 (for Oxygen) and 0.78 (for
Ammonia). Graphs have been plotted for the temperature,
concentration and velocity profiles to show the effects of
different parameters.

Figures 1 and 2 show the effect of Prandtl
number Pr on the temperature of fluid at t = 0.2 and t =

0.4, respectively. It is observed that temperature decreases
with increase of Prandtl number at t = 0.2 and t = 0.4.
From Figures 1 and 2, it is also clear that the temperature
of fluid increases with increase of time t.

0.10 -
Pr=10.0,7.0,3.0

0.0 0.2 0.4 0.6 0.8 1.0

Figure-1. Temperature profiles.

82



VOL. 6, NO. 8, AUGUST 2011

ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences

==y
©2006-2011 Asian Research Publishing Network (ARPN). All rights reserved. @

www.arpnjournals.com

0.4 ¢

0.3

02r Pr=10.0,7.0,3.0
0.1+
0.0 0.2 0.4 0.6 0.8 1.0

Figure-2. Temperature profiles.

Figures 3 and 4 show the effect of Schmidt
number Sc and time t on the concentration of fluid,
respectively. It is observed that the concentration
decreases with increase of Schmidt number, but it
increases with increase of time t.

1.0

08|

0.6 Sc=0.78, 0.6, 0.22

041
02l
4> y
0.2 0.4 0.6 0.8 1.0
Figure-3. Concentration profiles.
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Figure-4. Concentration profiles.

Figures 5 and 6 illustrate the effect of magnetic
parameter M and buoyancy ratio parameter N on the
velocity of fluid, respectively. It is observed that the
velocity decreases with increase of magnetic parameter.
Fruther, the velocity increases in the presence of aiding

flows (N >0), but it decreases in the presence of opposing
flows (N < 0).

0.014F
[ Pr=7.0,%=0.6N=02,t=02K=0.5
0.012
[u
0.010
0.008 | M=3.0,2.0, 1.0
0.006 F
0.004 F
0.002 F
! L L L Il L L L Il y\ L L Il L L L Il L L L
0.0 0.2 0.4 0.6 0.8 1.0
Figure-5. Velocity profiles.
0.02
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Figure-6. Velocity profiles.

Figures 7 and 8 show the effect of time t and
permeability parameter K on the velocity of fluid
respectively. It is observed that the velocity increases with
increase of time and permeability parameter.

0.025 -
Pr=7.0,8=0.6,M=1.0,N=02,K=0.5
0.020
Fu
0.015- t=0.2,0.4,0.6
0.010]
0.005 |-
4>
L L L L L L yw L L L L L L L L L L L L
0.0 0.2 0.4 0.6 0.8 1.0

Figure-7. Velocity profiles.
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Figure-8. Velocity profiles.
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Figure-9. Velocity profiles.
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Figure-10. Velocity profiles.

Figures 9 and 10 show the effect of Schmidt
number Sc and Prandtl number Pr on the velocity of fluid
respectively. It is observed that the velocity decreases with
increase of Schmidt number and Prandtl number.

The skin-friction has been studied for Sc # 1, Pr #
1. Therefore using the expressions (10) the skin-friction

(7, ,7,) in non-dimensional form are given by:

ji{ F@nLH,H+F,2+2nLH,b)

0

(2n,L,c,,t)+ F,(2+2n,1,c,,t)}

n=0

o0 1 o0
R exp(Rt)g;{ F,(2n,Pr,R,t)+F,(2+2n,Pr, R, 1)} _ﬁg‘{ F,(2n,Pr,0,t)+ F,(2+2n,Pr,0,1)}
Z{F (2n,Pr,t)+ F(2+2n,Pr,t)} +%exp(Qt)Z{F4(2n,Sc,Q,t)+ F,(2+2n,5c,Q,t)}
n=0 n=0
—%Z{ﬁ(zn, Sc,0,t)+ F,(2+2n,Sc,0,t)}, (22)
du =1 N 1 2
T =- =S —exp(R)F,(1+2n,1,¢,t)—| —+— |F,(1+2n,1,H,t)——F.(1+2n,L H.t
1 dy ;{HR p(ROF,( D) (H HRJ 4( ) H 5( )}
+zo{—exp(Qt)F (1+2n,1 cz,t)—LRexp(Rt)F (1+2n,Pr,R t)+ ! F ., (1+2n,Pr,0 t)}
+Z{ F,(1+2n,Pr t)——exp(Qt)F (1+2n,Sc,Q, t)+ F (1+2n,Sc,0,t)}, (23)
n=0
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where F,(D,,D,,D,,D,),F(D,,D,,D;,D,) and F,(D,,D,, D,) are defined in appendix as:

R R e
7D, °

+e V=2 /D D, erfc —ﬁ

e*Dlsz-Dz (&)’ b1 +

F4(D1a Dza D3’ D4) =

1 1
F.(D,,D,,D,,D,) = ——— —
5( 1 2 3 4) '7Z'D4 '7[D4
+e "VP™ D, D, bErfc(a,)-

3

b’D,

2 e7 4D,

N

and F,(D,,D,,D,) =

I:)1\/62+ D,D
2\/54 34

The numerical values of skin-friction 1y and t, are
presented in Table-1. From Table, it is observed that the
skin-friction decreases with of increase of magnetic
parameter M, Prandtl number Pr and Schmidt number Sc.

Here a, =

D,/D,
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2\/64 D, 1.8
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b =| 2
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—4 L land :_4+_1
> s M2 A

It is also observed that the skin-friction increases with
increase of time t, permeability parameter K and in the
presence of aiding flows (N >0), but it decreases in the
presence of opposing flows (N > 0).

Table-1. Skin-friction and volume flux for Sc # 1, Pr #1.

Pr Sc M N K t To T

7.0 0.6 1.0 0.2 0.5 0.2 0.0674194 0.0182031
7.0 0.6 2.0 0.2 0.5 0.2 0.0657353 0.0171354
7.0 0.6 3.0 0.2 0.5 0.2 0.0641674 0.0161599
7.0 0.6 1.0 0.4 0.5 0.2 0.1169550 0.0359719
7.0 0.6 1.0 -0.2 0.5 0.2 -0.0316515 -0.0173345
7.0 0.6 1.0 -0.4 0.5 0.2 -0.0811869 -0.0351033
7.0 0.6 1.0 0.2 1.0 0.2 0.0692319 0.0193740
7.0 0.6 1.0 0.2 0.5 0.4 0.1046440 0.0278678
7.0 0.6 1.0 0.2 0.5 0.6 0.1435360 0.0363477
10.0 0.6 1.0 0.2 0.5 0.2 0.0652610 0.0180565
3.0 0.6 1.0 0.2 0.5 0.2 0.0731511 0.0190625
7.0 0.78 1.0 0.2 0.5 0.2 0.0655374 0.0163304
7.0 0.22 1.0 0.2 0.5 0.2 0.0708260 0.0210604

4. CONCLUSIONS and uniform mass diffusion in a porous medium has been

In the present paper, the general analytical
solutions for the unsteady MHD transient free convection
flow of an electrically conducting fluid between two
infinite vertical parallel plates with Variable temperature

determined. The solutions for the model have been
determined by using Laplace transform method. Some
conclusions of the study are as below:
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= The temperature increases with increasing time t but
decreases with increasing the value of the Prandtl
number Pr.

= The concentration increases with increasing time t but
decreases with increasing the value of the Schmidt
number Sc.

= The velocity and skin-friction of the fluid increase in
case of aiding flows (N > 0) and decrease with
opposing flows (N < 0).

= The velocity and skin-friction of the fluid increase
with increasing the value of time t and permeability
parameter K but decrease with increasing the value of
the Prandtl number Pr, Schmidt number Sc, magnetic
parameter M.
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