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ABSTRACT

An analysis of velocity, temperature and mass distribution, skin friction and rate of heat and Ma
transfer of the flow of a viscous incompressible fluid of small electrical conductivity in a porous
medium near an oscillating infinite porous flat plate in slip flow regime under influence of a
transverse magnetic field of uniform strength. The effects of Modified Grasholf number (G’),
Hartmann number (M) and Rarefaction parameter (R) on velocity and skin friction are discussed with
the help of graphs and tables. The effect of Schmidt number (5) on concentration of fluid is also
discussed.
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INTRODUCTION

Many papers have been published on the theory of laminar boundary layers in unsteady
flow. The study of fluctuating flow is important in the paper industry and many other
technological fields. Due to this reason many research workers have paid theirattention
towards the fluctuating flow of viscous, incompressible fluid past an infinite plate. Stokes
(1901) and Rayleigh (1911) studied the flow of a viscous and incompressible fluid about
an infinite flat wall which executelinear harmonic oscillation parallel to itself. Sturart
(1955) investigated the response of skin friction and temperature of anfig infinite plate
thermometer, to fluctuations in the stream with suction tit the plate, Ong and Nicholls
(1959) extended the method to obtain the flow in magnetic field near an infinite flat wall
which oscillates in its own plane. Ahmadi and Manvi (1971) have derived a general
equation of motion for viscous flow through a rigid porous medium and applied to some
basic flow problems. Yamamoto and Iwamura investigated the flow with convective
acceleration through a porous medium. Gupta and Babu (1987) studied the flow of a
viscous incompressible fluid through a porous medium near an oscillating infinite porous
flat plate in the slip flow regime. Recently Singh (2000) studied MHD convective flow of
viscous fluid through a porous medium bounded by an oscillating porous plate in the slip
flow regime.

This work is an extension of work Singh (2000) with mass transfer. The aim of present
investigation is to study the effect of mass transfer on MHD convective flow of viscous
fluid through a porous medium bounded by an oscillating porous plate in slip flow regime.
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FORMULATION OF THE PROBLEM

Let us denote velocity components u, v in direction of x, y respectively and temperature
by T and concentration by C. Under these, assumptions, the physical variables are
functions of y and t only. A uniform magnetic field B. is acting along the y-axis
forproblemaeronautical engineering the Reynold number is usually’ small, mutt's* such
conditions the induced magnetic field due to the flow may he neglected with respect to
the applied field, the pressure fluid is assumed constant, if Vorepresents the velocity of
suction or injection at the plate, the equation of continuity is:

v

— = 1
~ (1)

with the condition y = 0, v leads to the result v=V_( < 0).

The boundary layer equations are:

ou ou Pu B2 v
- Y, =BT =T )y —=g—u+ g L ~=en
ot dy o' p =
)

or orT o*T
AV g — ®3)
ot dy dy?
ocC oC o*C

_ T e “)

¥ vo_
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Where p is the density, g is the acceleration due to cavity, 13 is the coefficient of volume
expansion, 3' is the coefficient of concentration expansion, v is the Kinematic viscosity, T«
and C. are the temperature and concentration of the fluid in the free stream, CY, is the
electric conductivity, B, is the magnetic induction, K is porosity parameter, of is the
thermal diffusivity, D is the concentration diffusivity.

First order velocity slip boundary conditions of the problem when the plate execute linear
harmonic oscillation in its own plane is given by Street (1960) are-

u=U_ cos(nt)+L ou/dy, T-T_=(T -T_)cos(nt)+ L oT/0y

C-C_=(C,-C_)cos(nt)+L oCloy at y=0 .. (5
u—0 T>0 C-0 as y—©

where L, = (2-m )L/mand L =p[n/(2pp)]'? is the mean free path and

m, is the Maxwell’s reflection coefficient.

On introducing the following non dimensional quantities
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y*-_-Uoi u*:_u_ G*ZT'Tm ¢*=C (2

v U, T,-T, C.-C,

KU?2

t*: Uoz.i_ Vo* =X0 n*—_— \’_n K*: Uo
v U Vit %

L Y
R = U,— (Rarefraction parameter), S_= — (Schimdt No.)
v D

B vo %
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o

o

v(T -T 'v(C_-C

0 0

G:

Equations-(2), (3) and (4) after dropping the asterisks (*) can

be written as

ou Ju u u
— + N — =Gh+G'§+ -— - M« (6)
ot oy ay? K
2 N
Py By Y (7)
ot dy oy
S ( —7—‘{,- vV (b ‘b (8)

ot “0}' (7}"
with the boundary conditions ;

u = cos(nt)+R du/dy, 0 = cos(nt) + R 00/dy

¢ = cos(nt) + R 0/0y at  y =0 (9)
u—>0, 00, ¢-»0 a8 y-rw

The solutions of equations (6), (7) and (8) are :

u = F(y) cos (nt - Ay) (10)
0 = g(y) cos (nt - Ay) (11)
¢ = h(y) cos (nt - Ay) (12)

where A is a constant. Its value will be determined later on.
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Putting for u in (6), for 0 in (7) and for ¢ in (8), and equating

the coeflicient of sin and cos terms on the both sides, we get

for u: 2AF' - (AV - n)F =0 (13)
F'-V.F - (A4 I/K+M)F+GO+G'9=0 ... (14)
for 0: 2Ag' - P(AV - n)g =0 (15)
g'-PV g'-A%g=0 (16)
for ¢: 2Ah - S (AV -n)h=10 (17)
h' -S.V ,h'-A’h=0 (18)
with the boundary conditions

[1-AR tan (nt)] F(y) = I+ RF'(y)aty =0
F(y) > 0asy > (19)

[1-AR tan (nt)] g(y) = 1+ Rg'(y) aty =0
gly) > 0asy > e (20)

[1-AR tan (nt)] h(y) = 1+ Rh'(y) aty =0
h(y) > 0asy — (21)

where dashes denote the differentiation with respect to y.

The solution of the equation (13) applying the boundary
conditions (19) is
exp[-0.5(nA"- V )y]
[ +0.5R(nA"'-V )-AR tan(nt)

F(y) =

(22)

Putting for F in equation (14),
4AY+ SAZ-n2=(

where S=[V2+4(1/K+M-G-G"]
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Since A? is to remain positive, hence

-S + (S?+ 16n2)"2 )m (23)
8

To obtain u eliminate F(y) from (10) & (22), we get

A=(

exp[-0.5(nA"'- V )y] cos (nt - Ay) i)
B 1 + 0.5R(nA'-V )-AR tan(nt)

The solution of the equation (15) applying the boundary

conditions (20) is
-0.5P (nA'-V)) Y]
(y) = EXpL 5| ’ (25)
£ 1 + O.SRPr(nA"-Vo)-AR tan(nt)

Putting for g in equation (16),
4A*+ S A?-m P2 =0
where S, =V2P?
Since A? is to remain positive, hence
5, H(SPHI6RN, (26)
8

A=(
To obtain @ eliminate g(y) from (11) & (25), we get

exp[-0.5P (nA-'- V )y] cos (nt - Ay)
6= (27)
I +0.5RP (nA"-V )-AR tan(nt)

The solution of the equation (17) applying the boundary

conditions (21) is

exp[-0.5 §_(nA--V ) y]
h(y) = (28)
} + 0.5RS_(nA"'-V )-AR tan(nt)
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Putting for h in equation (18),
4A*+ S, A -’82 =0
where S,=V.z28?
Since A’ is to remain positive, hence

-S,+ (8,2 + 1628 2)12

A= 1z '
( g ) (29)

To obtain ¢ eliminate h(y) from (12} & (28), we get

exp[-0.58 (nA"'- V )y] cos (nt - Ay)

¢ =
1 +0.5RS_(nA"'-V )-AR tan(nt) 30)

We can calculate the expression for the skin friction, the rate of

heat transfer and rate of mass transfer as

T=- du _ Asin(nt) - 0.5(nA"- V ) cos (nt) 31)
dy " 1+0.5R(nA"'-V )-AR tan(nt)
_ 00 _Assin(nt) - 0.5P (nA'- V ) cos (nt)
l_-(_ﬁ)y:om ' > (32)
ay I +0.5RP (nA-'-V )-AR tan(nt)
0 i - -
q,=-( P ) _Asin(nt) - 0.55 (nA- V ) cos (nt) (33)

&y 7 1+0.5RS_(nA"-V )-AR tan(nt)

RESULTS AND DISCUSSION

Fluid Velocity Profile of boundary layer flow is tabulated in Table- I and plotted in Fig.-1
having five Graphs forn=2,V,=-2,t=0, G’ =5, K = 1 and following different values of R, M
and G.

R M G’
For Graph- | 0.2 1 0
For Graph- II 0.2 1 2
For Graph- III 0.2 1 4
For Graph- IV 0.6 1 2
For Graph-V 0.2 3 2

It is observed from Fig. I that all velocity Graphs are decreasing sharply and have
minimum value (below y-axis) at y = 1.2 then after velocity in each Graphs begins to
increase and tends to zero with the increasing y.

It is also observed from Fig- I that velocity decreases with the increase in G’ but it
decreases (upto y=0.5) with the increase in M, after it velocity increases. Velocity also
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decreases upto y = 0.9 with the increases in R, after it velocity increases. These effects of
above parameters are noticed upto y = 3 after it these effects are negligible.

Concentration profile is tabulate in Table- II and plotted in Fig- II having Graphs from I to
Il for n = 2, Vo = -2 t = 0 and following different values of S..

Se.
For Graph- | 0.2
For Graph- II 0.4
For Graph- II 0.6

It is inferred from Fig.- II that concentration in all graph decreases sharply till y =3, after
it concentration reduces to zero.

It is also inferred that concentration fluid decreases with the increase in S..

Skin friction Profile is tabulated in Table- III and plotted in Fig. IIl having five Graphs. It is
observed that all skin friction Graphs are sinusoidal in nature.

It is also observed that skin friction increases numerically with the increases in G’ and M,

but it decrease numerically with increase in R.

Table-1 : Values of velocity u for Fig.-l when V,, = -2, n =2, (= 5, t = 0),
K = Land dilforent values of R, M and (i’

y Graph-1 | Geaph=11 | Graph-111 | Graph-1V (irubh-v |
0 0.7524 0.7710 0.7809 0.5287 0.6218 |
1 0.0030 -0.0820 0.1514 -0.0563 0.0262
2 -0.0280 -0.0221 0.0116 -0.0151 0.0008
3 | -0.0003 0.0089 0.0047 0.0061 0.0000

) 4 | | ().()‘()l-() -().()Q()B | -().()()725v -00005 B 0.0000

Table-11 : Values of concentration ¢ for Fig.-Il when V,=-2,n=2,t=0
and dilTerent values of S¢

Ty | Grapnt | Graph-n | Graph-m
0 o 1
| 0.4674 0.2798 0.1757
2 0.1725 0.0461 0.0115
3 0.0377 -0.0051 20.0048
4 -0.0104 -0.0079 10.0023
5 -0.0197 -0.0039 10.0006
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bl Valuen of skin tyle

K= Lo difforent values of R, M and G

Graphel
23N
0,755
04208
-1 2843
0,3201

Graph-11
L1482
0.9145
0.2280
-1.J083
04221

0.4989

Graph-I1
987
10700
0.9943
1,3651

ton t for Fig.111 when V, = 2,n=2,G = 5,

Graph-IV | Graph-V

07854 | -1.8909
04376 | 0.8940
04063 | 11272
08236 | -18522
0.1680 | 03685

VELOCITY PROFILE

Fig. 1: Valocity Profile
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CONCENTRATION PROFILE ‘;
1
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Fig. 2: Concentration Profile
SKIN FRICTION PROFILE
1.3

0.5

-1.5

Fig. 3: Skin Friction Profile
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