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ABSTRACT

The model of mass transfer on free convective flow of a viscous incompressible electrically conducting fluid past verti-
cally porous plate through a porous medium with time dependant permeability and oscillatory suction in presence of a
transverse magnetic field is considered. Perturbation technique is obtained the solution for velocity field and concentra-
tion distribution analytically. The effects of the flow parameters on the velocity field and concentration distribution are
presented with the aid of figures. Also, the skin friction and the rate of mass transfer are calculated with the aid of tables.
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1. Introduction

The phenomena of MHD flow with unsteady oscillatory
free convective flows play an important role in aerospace

technology and in chemical engineering turbo-machinery.

Such flow arise either due to unsteady motion of bound-
ary or due to oscillatory free system velocity. Several
authors have studied the free convection and mass trans-
fer flow of a viscous fluid through porous medium. They
considered that, the permeability of the porous medium is
assumed to be constant, while the porosity of the medium
may be not necessary constant because the porous mate-
rial containing the fluid is non-homogenous medium.
Then, the permeability of the porous medium may be not
necessary constant. The effect of mass transfer on free
convective hydromagnetic oscillatory flow past an infi-
nite vertical unsteady flow of non-Newtonian fluid has
been estimated by Koullias et al. [1]. Ashgar et al. [2]
have reported the periodic unsteady flows of non-New-
tonian fluid. The flow of non-Newtonian fluid induced
due to the oscillations of a porous plate has studied by
Hayat et al. [3]. Singh and Gupta [4] have investigated
the MHD free convective flow of a viscous fluid through
a porous medium bounded by an oscillating porous plate
in the slip flow regime with mass transfer. Das et al. [5]
analyzed the mass transfer effects on unsteady flow past
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an accelerated vertical porous plate with suction em-
ploying numerical methods. Raptis [6] analyzed the un-
steady free convection flow through a porous medium.
Hossain and Begum [7] discussed the effect of mass
transfer and free convection on the flow past a vertical
plate. Unsteady hydromagnetic convective flow past an
infinite vertical porous flat plate in a porous medium has
been discussed by Das and his coworkers [8]. The objec-
tive of the present study is to analyzed the effects of
permeability variation and oscillatory suction velocity in
free convective and mass transfer flow of a viscous in-
compressible fluid past an infinite vertical porous plate
through a porous medium when the plate is subjected to a
time dependent suction velocity normal to the plate in the
presence of a uniform transverse magnetic field. The
solutions for velocity field and concentration distribution
are obtained by perturbation technique analytically. The
effects of the flow parameters on the velocity field and
concentration distribution are presented with the aid of
figures. Also, the skin friction and the rate of mass trans-
fer are calculated with the aid of tables.

2. Mathematical Analysis

The unsteady free convective flow of a viscous incom-
pressible electrically conducting fluid past an infinite
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vertical porous plate through a porous medium with time

dependant permeability and oscillatory suction in pres-

ence of a transverse magnetic field is considered. The
y-axis is taken along the infinite vertical porous plate and

X-axis is perpendicular to it and the velocity in this direc-

tion is U. In view of these, the analysis of the problem is

based on the following assumptions:

o All the fluid properties are constant;

e The plate as well as the fluid is assumed to be at the
same temperature and the concentration of the species
is raised or lowered;

e The magnetic Reynolds number is small so that the
induced magnetic field can be neglected in compari-
son to the applied magnetic field;

e The permeability of the porous medium is assumed to
be K'(t')=K, (1+eei“"t') ;

o The suction velocity is assumed to be
v(t')=-v (1 + ee“"") :

With foregoing assumptions and taking the usual

Boussinesq’s approximation into account as well as fol-

lowing non-dimensional quantities:

u—i y—vo_,t—ﬂ —l a)—4vw'
v, v 4% D’ v: o
ViK' ovB? c'-c,
K, =——.M’ .C= ; )
PVs C,-C,
(CW_COO)Vgﬂ
G, = 7

Therefore, the non-dimensional form of the governing
equations for momentum and concentration are:

u 1
uyy+f(t)uy+CGc=j+[M2+m]u, )
SCCt

C,+ 1(1)8.C, =" 3)

where f(t):(1+gei“t) Subjected to the following
boundary conditions:

(4)

3. Solutions of the Problem

In order to solve the problem, we assume the solutions of
the following form because the amplitude &(<1) of
the permeability variation is very small:

u(y,t)=u.(y)+eu (y)e”, 5

C(y,t)=C.(y)+eC,(y)e. (6)
Substitute Equations (5) and (6) into Equations (2) and
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(3) and equate the harmonic and non-harmonic terms to
obtain the following non-dimensional ordinary differen-
tial equations:

u’+u. +G.C. = au., @)
”n ’ ’ Uo
u/+u +u: +—+G.C, = a,u, ®)
Kp
C/+S,C! =0, ©)
C/+S.C/+S.Cl = %sccl. (10)

1 i
where 8, =M*+— and a,=a +—.
o 4
Furthermore, the boundary conditions are reduced to

1. (0)=u, (0)=C. (0)=C, (0) =1 and

U.=u =C. =C, »>0asy >

)

By solving Equations (7)-(10) under boundary condi-
tions (11), we obtain

u(y.t)
G, (e’scy —e’mzy)

(mz _Sc)(m3 +Sc)

G, (1 _4 S, j(e—mly _e MY )
iot -myy w
+ee” qe T +

=e ™ +

(m, —m;)(m; +m,)

(12)

i 4i
)= =Scy ot ) -mpy S =S¢Y _ My . (13
C(y ) e +¢ge {e +— C(e e )} (13)

The real and imaginary parts are separated from Equa-
tions (12) and (13). The physical significance is the real
parts which are given as follow:

u(y,t)=u.(y)+&(M, cos(wt)—M;sin(at)), (14)

C(y,t):Co(y)+5(Lr cos(awt)-L, sin(a)t)). (15)
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T . . .
For wt :E, the transient velocity and concentration

distribution are given by

u(y,%J:uc(y)—gMi, (16)

C(y,%]:co(y)—gLi. (17)

The skin friction at the plate in terms of amplitude and
phase is given by

ou
el =r=r.+&|N|cos(mt+a), (18)
(a)’jy_o | | ( )

where

T.=-m, +

G [du) NN siNg,
m, +S, \ dy y=o

(19)
tan (o) :%.

The Sherwood number (the mass transfer coefficient)
at the plate terms of amplitude and phase is given by

_(ﬁj =S, =S, +g|Q|cos(a)t +7), (20
N )iy

where

_(d—c'] =Q=Q, +iQi,tan(}/):&. 21
y=0

dy .
The constants A —-A,, a,, B —-B,, b-b,, L,
Li: Mr’ Mi» ml_mS’ NI_N12’ Nr’ Ni» Qr’ Qi’

R, and R, are defined in appendix section.

4. Numerical Simulation and Discussion

The problem of free convective and mass transfer flow of

a viscous incompressible electrically conducting fluid
past an infinite vertical porous plate through a porous
medium when with time dependent permeability and
oscillatory suction in presence of a uniform transverse
magnetic field has been considered. Perturbation tech-
nique is obtained the solution for velocity field and con-
centration distribution analytically. The effects of the
flow parameters such as magnetic parameter M, Grashof
number for mass transfer G; porosity parameter K, and
Schmidt number S; have been studied analytically and
presented with the help of Figures 1-4, respectively. The
effects of Schmidt number S, on the concentration dis-
tribution have been showed in Figure 5. Furthermore,
the effects of the flow parameters on skin friction and the
rate of mass transfer have been reported with the help of
Tables 1-7.

The effect of magnetic field parameter M on the veloc-
ity profiles of the flow field keeping other parameters of
the flow field constant is showed in Figure 1. The mag-
netic field parameter is taken in increasing order and it is
found to slow down the velocity of the flow field to a
considerable amount due to the magnetic pull of the
Lorentz force acting on the flow field. This parameter
shows overturn effect.

The effect of Schmidt number S, on the velocity pro-
files of the flow field keeping other parameters of the
flow field constant is showed in Figure 2. The Schmidt
number is taken in increasing order and it is reveal that
the presence of heavier diffusion species has a delaying
effect on velocity of the flow field. This parameter shows
reverse effect.

The effect of Grashof number for mass transfer G; on
the velocity profiles of the flow field keeping other pa-
rameters of the flow field constant is showed in Figure 3.
It is noted that the Grashof number for mass transfer is
accelerated the velocity of the flow field at all points.

The effect of porosity parameter K, on the velocity

Figure 1. Effect of M on velocity profiles with G =10, K =10, S =0.22, £=0.002, »=5 and ot =g .

Copyright © 2013 SciRes.
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Figure 4. Effect of K, on velocity profiles with M =0.5, G, =10, S =0.22, £=0.002, w=5 and ot =§ .

Copyright © 2013 SciRes. AM
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Figure 5. Effect of S; on concentration distribution with £=0.002, ®=5 and ot= g .

Table 1. Values of amplitude, phase and the skin friction
coefficients for different values of M with G, =10, K, =10,

S, =022, £=0.002, ®=5 and wt:%.

Table 3. Values of amplitude, phase and the skin friction
coefficients for different values of G, with M =0.5, K ,=10,

S, =022, £=0.002, @=5 and a)t=g.

Amplitude Phase Amplitude Phase
N (@) T ‘ SN () T ‘
0.5 15.6917 —0.5289 18.9438 18.9586 5 7.1117 —0.6758 8.8346 8.8426
1 9.0363 —0.5000 9.6773 9.6854 10 15.6917 —0.5289 18.9438 18.9585
2 2.8416 —0.4867 2.9524 2.9549 15 24.3248 —0.4893 29.0531 29.0745
3 0.6636 1.5269 0.0422 0.0433 20 32.9695 —0.4709 39.1623 39.1904

Table 2. Values of amplitude, phase and the skin friction
coefficients for different values of S; with M =0.5, G, =10,

K,=10, £=0.002, ®=5 and wt:%.

Table 4. Values of amplitude, phase and the skin friction
coefficients for different values of K, with M =0.5, G, =10,

S, =022, £=0.002, ®=5 and mt:%.

Amplitude Phase Amplitude Phase
5 (IN) (tan(a)) B i K (IN) (tan(a)) i i
0.22 15.6917 —0.5289 18.9438 18.9586 5 15.0930 —0.5837 16.6276 16.6428
0.44 9.6496 —0.3848 12.7193 12.7262 10 15.6917 —0.5289 18.9438 18.9585
0.66 6.2993 -0.1921 9.4252 9.4275 15 15.9409 —0.5025 19.8990 19.9133
0.88 4.4432 0.2405 7.3864 7.3843 20 16.0800 —0.4874 20.4212 20.4353

profiles of the flow field keeping other parameters of the
flow field constant is showed in Figure 4. It is observed
that the porosity parameter is enhanced the velocity of
the flow field at all points.

The concentration distribution decreases at all points
of the flow field with the increase of the Schmidt number
S.. Singh et al. [9] have applied this result into some for-
eign mass such as hydrogen (S; = 0.22) helium (S; = 0.30)
and ammonia (S, = 0.78).

Copyright © 2013 SciRes.

In Tables 1-5, the numerical values of skin friction
coefficients 7.,z in terms of amplitude (|N|) and
phase (tan(a)) for different values of M, S, G, K, and
w are entered, respectively. It is noted that the value of
the phase (tan(a)) increases due to decrease in @
while increases due to increase in M, S¢, G and K. Also,
It is observed that an increasing in G; and K, leads to an
increasing in the value of amplitude(|N|) while an in-
crease of M, S; and @ leads to a decrease in the value
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of |N| . Further, it is showed that the skin friction coef-
ficients 7. and 7 increase due to increase in G, K,
while decrease due to increase in M, S; and @ with
note that 7. isnot functionon @ .

In Tables 6 and 7, present the numerical values of
amplitude (|Q|) , phase (tan(;/)) and the rate of mass
transfer in term of Sherwood number S;, due to the varia-
tions in the values of S; and @, respectively. It is
watched that an increase in S; results in an increase in

Table 5. Values of amplitude, phase and the skin friction
coefficients for different values of @ with M=0.5, G =10,

K,=10, £=0.002, ®=5 and a)t:%.

Amplitude Phase
@ (‘N‘) (tan(a)) v ‘
5 15.6917 -0.5289 18.9438 18.9585
10 12.0945 —0.7427 18.9438 18.9583
15 10.2692 -0.9189 18.9438 18.9577
20 9.1398 -1.0936 18.9438 18.9573

Table 6. Values of amplitude, phase and the rate of mass
transfer for different values of S, with £=0.002 and

ot=",
2
s, Amplitude (|Q])  Phase (tan(y)) S,
0.11 0.3345 0.2060 0.1097
0.22 0.5333 0.2366 0.2194
0.33 0.7218 0.2454 0.3289
0.44 0.9115 0.2457 0.4384
0.55 1.1064 0.2418 0.5476
0.66 13089 0.2359 0.6567
0.77 1.5197 0.2292 0.7654
0.88 1.7396 0.2222 0.8741
0.99 1.9687 0.2150 0.9824

Table 7. Values of amplitude, phase and the rate of mass
transfer for different values of @ with £=0.002 and
S, =0.22.

® Amplitude (‘Q‘) Phase (tan(}/)) S,

5 0.5333 0.2366 0.2194
10 0.6930 0.3118 0.2191
15 0.8194 0.3454 0.2187
20 0.9272 0.3651 0.2183

Copyright © 2013 SciRes.

|Q| and Sy, but the phase (tan(y)) increases at 0.11 <
S¢ < 0.44 while it decreases at S, > 0.55. An increase
in® results in an increase in |Q| and tan(}/) and a
decrease in S,

5. Conclusions

The above study shows up the following results of
physical interest on the velocity and concentration dis-
tribution of the flow field.
The magnetic field parameter M slows down the ve-
locity of the flow field at all points due to the mag-
netic pull of the Lorentz force acting on the flow
field.

e The Schmidt number S; reveals that the presence of
heavier diffusion species has a delaying effect on ve-
locity of the flow field.

e The Grashof number for mass transfer G, is acceler-
ated the velocity of the flow field at all points.

o The effect of porosity parameter K, is enhanced the
velocity of the flow field at all points.

e The concentration distribution decreases at all points
of the flow field with the increase of the Schmidt
number S;. It means that a greater delaying effect on
the concentration distribution is due to the heavier
diffusing species of the flow field.

e The value of the phase (tan(a)) increases due to
decrease in @ while increases due to increase in M,
Se, G¢ and K,

¢ Anincreasing in G; and K leads to an increasing in the
value of amplitude (|N|) while an increase of M, S¢
and o leads to a decrease in the value of |N| .

e The skin friction coefficients 7. and 7 increase due
to increase in G, K, while decrease due to increase in
M, Scand @ with note that 7. is not function onw .

e An increase in S, results in an increase in |Q| and Sy,
but the phase (tan( 7/)) increases at 0.11 < S; < 0.44
while it decreases at S; > 0.55.

e An increase in @ results in an increase in |Q| and
tan(y) and a decrease in Sp.
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Appendix
m, =%[sc +/s? +inC]= A +iB,
m, :%[1+1/1+4a1],

mS:% —1+,/1+4a2]:A3+1B3,
m, —m,)(m; +m )= A, +iB,,
)(m5+S )_As‘HBsa

=—+—\/ 1+4a,) +ow” +1+4a, |,
o e o s,

A=Al
< B4]cos Bly—(4s°
o

N, =be ™™ {(

Ny =b,Ae >’ —b,e™™’ {A;cos B,y - B;sinB,y},
N, =b,Bse > —b,e ™™ {B; cos B,y + A sin B, y},
N, =b,Bie™> —b,e™™' {B; cos B,y + A sinB, y},
Ny =b,e™ {A cosB,y—B;sinB,y} —b,Ae >’
N, =

MY LA cos B,y — B, sinB,y} —b, Ae™

N,, =b,e™¥ {B; cos B,y + A sin B,y} —b,B.e™’,
N, =bsAe ™’ —be ™ {A cosB,y—BsinB,y},

N,, =b;B.e™ —be ™ {B, cos B,y + A sin B, y},

GC

b =,
LA+
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A + B4jsin Bly}—bleA2y {(A4 —4—5;
[B4+ >

N, =b1e“y{(%A4 + B4]cos Bler(A4 —4—:)°B4jsin Bly}—ble“zy{

A =(A-A)(A+A)+B -B;
A :('A‘Z_Sc)(Af’_Sc)_Bz2
A -m,)(A +m,)-B

8 =gl e s H
: )

o, w4y o 143 |

2
B, =8B,,
B,=(A-A)(B,+B)+(A+A)(B,-B),
B, =B, (A +A),
Bs = Bs.

M, =N, +N; + N+ N, + Ny + N, ,
M; =-N,-N,—-N,—N;-N,,—N

i 12>

4S
L =e?™ (cos By——<sin Blyj,
o
4S
|_i = —Ce—sc)’ —_e Y (—CCOS Bly +sin BIYJ,
)

— a oy
N, =e ™' cosB,y,

— oMY ¢
N, =e ™’ sinB,y,

jcos Bzy—(‘f)c A+ B4jsin Bzy},

B
45 A4jcos Bzy+(A4 _35 B4jsin Bzy},
o

[0}

a,(A+8)

Gc(kl_ScJ
b, = ( :
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=b1( S°B4J(A2—A1)

+b( —C A+ Bj( B,)+B, (b,B;~b,A) Qi:Bl+42°
+ B, B; ( )+( c)(b2A5+b3BS)

+A (A - m)(b b,)-A,

Rl

_bl( . A4+B4J(A2_A1)+Bz (bzAs +bsBs)

+BzAa(b5 _b4)+(A2 _SC)(b3AS _bZBS)
+Bs(Az_m2)(b4_b2)_Bz
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