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Abstract

Free convection MHD flow of a viscous incompressible fluid past an infinite vertical plate with heat and mass in the presence
of radiation has been studied. The dimensionless governing equations are solved using Laplace transfer technique. The plate
temperature and mass concentrations are raised harmonically. The result are obtained for velocity ,temperature, concentration,
Nusselt number, Sherwood number and skin friction .The effect of various material parameters are discussed on flow variable

and presented by graphs.
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Introduction

Free convection flows past different types of
vertical bodies are studied because of their wide
applications and hence, it has attracted the attention
of numerous investigators and scientists. Literature
on unsteady MHD convection heat transfer with or
without Hall currents are very extensive due to its
technical importance in the scientific community
(Elbashbeshy, 1988; Rohsenow, 1998). The
radiation effects on MHD flow and heat transfer
problems have become more important industrially.
At high operating temperature, radiation effect can
be quite significant (Sahoo, 2003). Many processes
in engineering areas occur at high temperatures and
knowledge of radiation heat transfer becomes very
important for the design of the pertinent equipment.
Nuclear power plants, gas turbines and the various
propulsion devices for aircraft, missiles, satellites,
and space vehicles are examples of such
engineering areas.

Heat and mass transfer of a moving vertical
plate with suction was studied by Erickson et al,
(1966) and (Gupta & Gupta, 1977) with different
conditions. Convective heat transfer in an
electrically conducting fluid at stretching surface
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was studied by (Vajravelu & Hadjinicolaou, 1977).
Unsteady free convection flow past a vertical
porous plate was investigated by (Helmy, 1988).
Acharya et al. (2000) have studied free convection
and mass transfer flow through a porous medium
bounded by vertical infinite surface with constant
suction and heat flux (Chen & Char, 1998). But in
those studies, they considered the flow to be steady
(Danberg & Fansber 1976). Coming back to
unsteady case, (Young, 2000), investigated
unsteady MHD convective heat transfer past a
semi-infinite vertical porous moving plate with
variable suction. (Chamka, 2004), considered the
case taking mass transfer with heat absorption
(Sakiadis, 1961). Muthukumaraswamy & Kumar,
(2004) investigated heat and mass transfer effect on
moving vertical plate in the presence of Thermal
Radiation (Carnahan, 1969; Takhar et al., 1996;
Singh et al., 2003). In this paper, we have
discussed free convection MHD flow of a viscous
incompressible fluid past an infinite vertical plate
with heat and mass in the presence of radiation.
Formulation of the Problem

Consider an unsteady two dimensional free
convective flow of an electrically conducting,
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radiating, viscous and incompressible fluid past an
infinite vertical porous plate with constant suction.
Xi-axis is taken along the vertical plate in upward
direction and the Yj-axis is taken normal to the
plate in the direction of the applied uniform
magnetic field of strength Ho. The magnetic
permeability is constant throughout the field. There
exists a free convection current in the vicinity of
the plate. It is assumed that a fluid has constant
properties and the variation of density with
temperature and mass concentration is considered
only in the body force term. All the variable in this
flow are the function of y; and time t; only as the

plate is infinite length. Initially, the temperature
and mass concentration at the plate are respectively

T, and Cyand the temperature and mass

concentration of fluid are respectively T,, and C,.
At time t; > 0, it is assumed that the temperature

and mass concentration at the plate rise to
T,=T, +¢(T,—T,)e'*:% and
C, =C, +¢(C,—C,)e* 1 The fully

developed flow of a radiating gas by usual
Boussinesq’s approximation the unsteady flow
governed by following equation.

al?l
— =10 @)
dy,
3u1 au1 azui CTB,%H:L
T““+Tf’l~——:gﬁ(?‘1 - Tm)'{“gﬁc(cl —Cm)—i-l’ 3 (2)
61',1 3}*1 a,’fl P
d d 8% d R
T T T.
Ay L= 2T 3)
oc 96 _ 1,3 - .
at; Loy, ay? )
The initial and boundary conditions of the problem are _J
tl = 0: Hl — 0 T-l — Tm C-]_ — Cm for all yl
t, >0
w, =V,, T,=T,+¢(T,—T,)e ",
C,=C,+¢(C,—C,)e'™s at y, =0 (5)
Hl—}O,Tl—} Tm,fl—} CD:- as }11—}00

where p is the density, g acceleration due to gravity, B is the co-efficient of thermal expansion, k is
the thermal conductivity, g, the radiation flux, v the kinematic viscosity, o is electrical conductivity,
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B,(= Hy pe) is the electromagnetic induction. S ¢ is the co-efficient of expansion of mass and D is the
diffusion constant.

Since the plate is assumed to be porous and through it suction with uniform velocity occurs, Equation
(1) integrates to 17, = —V/,is the constant suction velocity

In an optically thick limit, the fluid does not absorb its own emitted radiation, that is, there is no self
absorption, but it does absorb radiation emitted by the boundaries. It has been shown by Cogly et al. [2]

0 " de
o =Tk (2 =410, -T) ®)

Where K, is the absorption co-efficient, e, is the Plank’s function and subscription w refers the value
of the wall (plate).

On introducing the following non-dimensional quantities 2
. t, V¢ AA oo Ve Y
= .Fz—u::—l ']":—. O == =
w YT T T TR D
T, T, €y —C dvw 161v >
Tzrl—rm ! =f:1—c'm 0= Vzl’ R (7)
r oo p~teoo 0 0
pve i Vs /

where Gr is Grashof number,Gm modified Grashof number, M is magnetic number, Pr is Prandtl
number, Sc is Schmidt number, T is non-dimensional temperature, C is non-dimensional mass

concentration, « is oscillating frequency and N is the radiation parameter.

With the help of equation (7) the equations (2) to (5) reduce to

B 4% 4T %4 46T + 4GmC — 4Mu (®)
at a:‘- avw

ar ar 4 3T

dat dv - Sc 6}?2 {10)

With the following boundary conditions
u=0 ,T=0C=0 forally=0andt =<0

Research article ‘Radiation effect-Heat mass transfer and constant suction” Tushar Das.
©Indian Society for Education and Environment (iSee) http://iseeadyar.org/ijid.htm



629

Indian J. Innovations Dev., Vol. 1, No. 8 (August 2012) ISSN 2277 - 5390

t>0tu=0T=1+¢ee'™ C=1+¢e™ aty=0 (11)
u=0T=0,C=0 as y — o0

Method of solution

We solve the governing equations in an exact form with the help of using Laplace transforms of equations
(8) to (10) using condition (11), we have

4? - 4— — (s +4M)ii = 46T + 46mC (12)

(13)

42

dy?

—I—-‘-}Sc——SC sC=0 (14)

where s is the Laplace transform parameter
The boundary conditions reduce to

u=0, T=2+ C———I—
s s—wi 5 s—wi

1=0,T=0,C=0 as V= oo (15)
By solving equations (12) to (14) using (15), we get

e fonl )
= ™ T s—wi/(Sc—1)s — aM

aty=20

1 € 1 (1+V1vs+aM)y
+ 4Gr («-— ) : }6 2
s s—wi/(Pr—1)s—(4M — NPr)
1 € 1 (se+vScZT+sc.s)y
+4Gm(§ + ) e 2
s—wi/(Sc—1)s —4M
(Pr+PrsnpPreprs)y
+4G’r(i+ = = e 2 ‘ (16)
s s—wi) (Pr—1)s—(4M-NPr}
T — G+ € ) o—(Pr+VPrisNPr+prs)y/2 (17)
S—ddl
= ) 6—{5c+w‘5c2+5c.s}y3’2 (18)
—wi

Again by taking inverse Laplace transform of equations (16) — (18), we get
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Jit(Se + wi}))]
. (21)
Where, 11 = i

The non-dimensional shearing stress at the wall from the equations (19) is given by
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The dimensional rate of heat transfer / Nusselt Number,
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In order to get the physical insight into the problem, the numerical value of u , T and other Physical

quantities have been calculated from the above equations. At the time of evaluation of the expressions, it
is observed that the argument of the error function is complex and hence, it is separated into real and
imaginary parts by using the following formula and then the complimentary error function up to twenty

terms is calculated.

2
erfc(a+ib)=erf (a)+ exp;a— 2 11— cos(2ab)+ isin(2ab )]
T

N ZGXD(;n2 /4)2'0“ [fn(a,b)+ ign(a,b)]Jr g(a,b)

n=1
Where,
f, = 2a—2acosh(nb)cos(2ab)
+nsinh(nb)sin(2ab),

g, = 2acosh(nb)sin(2ab)
+nsinh(nb)cos(2ab)

and |e(a,b) =~ 10|erf (a + ib)

Discussion

In this paper, we have studied the effect of
radiation on unsteady MHD free convective flow
past an infinite vertical plate with heat, mass
transfer and constant suction. The effect of
parameters Gr, Gm, M, N, t, Pr, o, Sc, on flow
characteristics has been presented in the (Fig.1-9).

Velocity profile: The mean velocity profiles are
depicted in (Fig.1-2). Fig.1 shows the effect of the
parameters Gr, Gm & M on velocity at any point of
the fluid, when N=1, Pr=2 & t=1. It is observed
that the velocity decreases with both the parameters
Gr & Gm very near the plate and then increases
away from the plate. But, the velocity increases for
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Fig 1: Effect of Gr, Gm and M on velocity profile when N=1,
Pr=2 and t=1
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Fig 2: Effect of N, Pr and t on velocity profile when
Gr=5, Gm=5 and M=5

——PrR2N=1
— PRI ET w2

Fig 3: Effect of N, Pr, ¢ and t on heat profile when

e=10.02

the parameter M throughout diminishing to zero at
a small distance from the plate. Fig. 2 Shows the
effect of the parameters N, Pr & t on velocity at
any point of the fluid, when Gr=5, Gm=5 and M=5.
It is observed that the velocity increases with both
the parameters Pr & N very near the plate and
decreases away from the plate. But the velocity
increases for the parameter t throughout
diminishing to zero at a small distance from the
plate.
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Fig 4: Effect of Sc, «a) and t on mass concentration profile

when € = 0. 02

40 T T T
— — P2 N=2 =

— — P N=2 v
B —— Pr=BN=2 =
H P2 N=2w=15
—— Pr=2 N=2 w=2

01 02 03 04 05 06 07 08 [E 1
Time 't —>

Fig 5: Effect of Pr, ¢} and N on Nusselt Number when

e =0.02

Temperature profile: The temperature profile is
depicted in (Fig. 2). Fig.3 shows the effect of the
parameters Pr, N, ® and t on heat at any point of
the fluid, when €=0.02. It is observed that the
temperature falls with increase of the parameters
Prandtl number (Pr), Oscillating frequency (») and
time (t).

Concentration profile: The concentration profile is
depicted in Fig. 4. Fig. 4 shows the effect of the
parameters Sc, o and t on concentration at any
point of the fluid, when €=0.02. It is noticed that

Tushar Das.
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Fig 7: Effect of Gr and N on shearing stress when M=1,
Sc=2, Pr=2,Gm=5, € = 0. 02 and v=1
the Concentration decreases with increase of all

the parameters Schmidt number (Sc), oscillating
frequency (o) and time (t).

Nusselt Number: The Nusselt number is depicted
in (Fig. 5). Fig.5 shows the effect of the parameters
Pr, ® and N on Nusselt number at any point of the
fluid, when €=0.02. It is noticed that the Nusselt
number increases with the increase of the
parameter Prandtl number (Pr) and Radiation
parameter (N) but decreases with the Oscillating
frequency (o).
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Fig 9: Effect of Sc, Pr and Gm on shearing stress when Gr=5,
0=1,M=1, € = 0. 02 and N=1

Sherwood Number: The Sherwood number is
depicted in Fig. 6. Fig. 6 shows the effect of the
parameters Sc and ® on Sherwood number at any
point of the fluid, when €=0.02. It is noticed that
the Sherwood number increases with the increase
of the parameter Schmidt number (Sc), but
decreases with the Oscillating frequency (o).

Shearing Stress: The Shearing Stress is depicted in
(Fig 7-9). (Fig. 7) shows the effect of the
parameters Gr and N on Shearing Stress at any
point of the fluid, when M=1, Sc=2, Pr=2, Gm=5,
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€=0.02 and ®=1. It is noticed that the Shearing
Stress increases with the increase of the parameter
Grashof number (Gr), but decreases with the
Radiation parameter (N). Fig. 8 shows the effect of
the parameters @ and M on Shearing Stress at any
point of the fluid, when Gr=5, Sc=2, Pr=2, Gm=5,
€=0.02 and N=I1. It is noticed that the Shearing
Stress decreases with decrease of the parameter
Oscillating frequency (), but increases with the
Magnetic number(M). Figure-(9) shows effect of
the parameters Sc, Pr and Gm on Shearing Stress at
any point of the fluid, when Gr=5, w=1, N=1,
€=0.02 and M=1 .Shearing Stress has no effect.
For the parameters Schmidt number (Sc) &
modified Grashof number (Gm).

Sherwood Number: The Sherwood number is
depicted in (Fig. 6). Fig. 6 shows the effect of the
parameters Sc and ® on Sherwood number at any
point of the fluid, when €=0.02. It is noticed that
the Sherwood number increases with the increase
of the parameter Schmidt number (Sc), but
decreases with the Oscillating frequency (o).

Shearing Stress: The Shearing Stress is depicted in
Fig.7-9. Fig. 7 shows the effect of the parameters
Gr and N on Shearing Stress at any point of the
fluid, when M=1, Sc=2, Pr=2, Gm=5, €=0.02 and
o=1. It is noticed that the Shearing Stress increases
with the increase of the parameter Grashof number
(Gr), but decreases with the Radiation parameter
(N). Fig. 8 shows the effect of the parameters ®
and M on Shearing Stress at any point of the fluid,
when Gr=5, Sc=2, Pr=2, Gm=5, €=0.02 and N=1.
It is noticed that the Shearing Stress decreases with
decrease of the parameter Oscillating frequency
(w), but increases with the Magnetic number (M).
Fig.9 shows effect of the parameters Sc, Pr and Gm
on Shearing Stress at any point of the fluid, when
Gr=5, o=1, N=1, €=0.02 and M=1. Shearing Stress
has no effect. For the parameters Schmidt number
(Sc) & modified Grashof number (Gm).
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