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Abstract : In the present paper hydro magnetic viscous incompressible fluid flow past an infinite flat plate
has been considered with time dependent suction in the presence of transverse magnetic field. Expressions
for velocity and skin friction have been calculated in the following cases :

(N When velocity is an exponentially increasing function of time.

(i)  When velocity is an exponentially decreasing function of time.

Tabulated values for various components have been given. In both the above cases exponentially increasing
or exponentially decreasing no back flows are possible even for higher values of

parameter n.
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. INTRODUCTION

Equations of Motion

Let us consider two dimensional viscous incompressible electrically conducting fluid flow past in
infinite flat plate with time dependent suction, in the presence of transverse magnetic field. Taking the flow
along x'-axis, and transverse magnetic field normal to it, the equations of motion and continuity reduce to,
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Where o is electrical conductivity of the fluid and is the strength of the magnetic field. All the
electro magnetic quantities in Eqn. (1) have been measured in electro magnetic system of units.

Since the suction of free stream velocities fluctuate only in magnitude but not in direction, we take,

V'=-V' (1+Ae")
and

U'=U"',(1+cAe"")
Where V' is always positive and ¢ and A are less than unity. Outside the boundary layer equations (1)
gives

au'  10p' o
Now from equation (1) and (6) we get,

YL A P (7)

o' oyt oyt dt' p
Introducing the non-dimensional quantities defined by,
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Where M is the Hartmann number : equation (7) reduces to non-dimensional form as;
o%u ou lou 1duU

§+(1+8Aent)5—ZE—ZE—M2(U —U)

with the boundary condition,
u=0, y =0,
u—>U, as y—>oo

Equation (8) constitute the basic equation of them problem which is to be solved subject to the
boundary conduction on u.

Il. VELOCITY FIELD AND SKIN FRICTION
Case-1 Exponsentially increasing
Let the free stream velocity be of the form,
u=l+ee™ 9)
and let the solution of the Eqn. (8) be,
u=l+ee" —f —ge" f,—s%e™f e™f,
f,, f,, f;, f, are function by y, alone.

Now we have to solve the Eqn. (8) with the help of Egn. (9) and (10) under the boundary condition.
u=0, at y=0

u=1l+ge™ at y....o0

Substituting the value of u and U from (9) and (10) in Eqn. (8) and comparing the harmonic term we

get,
f*+f'-M*f=0 (11)
n 1 2 n 1
fr,+f 2—(M +Zj f,=—AFf", (12)
n ] 2 n 1
fr+f 3—(M —ZJ f,=—Af", (13)
fr,+f '4—(M +37nj f,=—AFf%, L (14)
Here the dashes denote the differentiation with respect to y, the boundary condition of f,, f,, f,, f,
are :

at y=0,f,=f,=Lf,=f,=0

ay=oo, f=f,=f,=f,=0 (15)
The solutions of the Eqns. (11) to (14) subject to the boundary condition (15) are :
f=e® (16)
f,=se™+1-s)e® (17)
—hy _ -gy
.I:3 — Slefhly _ 4Aghe _ 2Ag (1 S)e ................. (18)

n n
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f=seMm - 7~ 4 19
v n n 3n? (19)
Where
h_1+\/1+n+4M2
2
1+1+2n+4M?
h = 5
ho yN1+3n+4M?
? 2
1+1+4M?
9=—",->"
2
s=1+ﬂég
n
5, = 4 Ash N 2Ag(1-5s)
n n
. - 4Ash 8As’sh® 8A’g*(l-s)
2 n n? 3n’
Hence velocity field and skin friction are given by :
u=1l+ge" —f, —ge™ f,—?e® f, -, L (20)
and
2 201
=g+ee" {sh+g(l-9)}—&’e™ {—slh1 + adasll + 2Ag 2(1 S)}—gS e
n
2 2ch3 24301 2
{_szhz + 4A51h1 _8A ZSh _8A 9 (21 S)}_83 e3nt {_Szhz + 4ASlhl } lllllllllllllll (21)
n n 3n n
Where the values of f, f,, f, and f, are given in the equations (11), (12), (13) and (14).
The variation of u, for different values of M, nand ¢A; is noted in the Table 1.
Table-1
M=0,n=50,nt= /2, ¢=05 M=2,n=50,nt=7x/2, ¢=.5

y 0 .02 .04 .06 .08 1 0 .02 .04 .06 .08 1
0 269 | B17 | 739 | 943 | 1.13 0 211 | .508 9 ]1.061]|1.301

£=.284 &= .284
u 0 148 | 285 | 412 | 527 | .636 0 157 | .338 | .503 | .643 | .797
M=0,n=300,nt= /2, ¢=.5 M=2,n=300,nt=7x/2, ¢=.5
y 0 .02 .04 .06 .08 .08 1 0 .02 .04 .06 1
0 473 | 883 | 1.162 | 1.499 | 1.499 |1.674| O 508 | .508 |1.286 | 1.03

£=.284 &=.284
u 0 263 | 493 | 664 | .831 | .97 0 294 | 551 | 767 | 947 | 1.096
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It is clear from the table-1, that velocity field increases as the value of Hartmann number m
increases. It is also clear from the table that u is always positive even for the higher values of n.

Case-11 Exponentially Decreasing
If we consider the free stream velocity of the form U =1 + ge™; we get the boundary condition on
u again as;
u=0 aty=0 (22)
u=l+ee™ as y=oo,
Let the solution of the equation (8) in this case be,
u=l+ege™—f—ge™f,—ge?™f,—-&"f, (23)
Now we have to solve the equation (8) under the boundary condition (22) with the help of equation (23).
Substituting the value of u in (8) from (23) and comparing the harmonic terms we get,

£+ -M2f,=0 (24)
g+g—nﬂ—2jg:—N; ............... (25)
" . n .

T M—Ejg:—Nz ................ (26)
ey +3?”j A WYY G YU S @7

The boundary condition of f,, f,, f, and f,.
ff=f,=1and f,=f,=0at y=0

f=f,=f,=f,=0 aty=eo . (28)
The solution of the equations (24) to (27) under the boundary condition (28) are given by-
f= B W @@ isu F ... (29)
f,=se™+(1l-s)e® (30)
—hy ~ -y
f,=se™ + Ll . W g A (31)
n n
—hy 2l2an—hy 284201 —gy
(oot MAshe™ S BA'gid-ge (32)
n n 3n
Where
h_1+4\/l—n+4M2
2

1+,/(1-2n+4M?)
h= 2

1+,/(1-3n+4M?)
h, =

2

1+,/(1+4M?)

g =

n
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Hence the velocity field and skin-friction are given by.

u=l+ee™—f—ge™f,—fe?"f,—e™™f, L (33)
and
2 201 _
r,=g+ce ™ {s+(1-s)g}+c’e™" {Sﬂ + 4AnSh + 219 2(1 s)}+g3 ™
4Ash’ 8A’sh’s 8A*g*(1-s)
{szh2 + nl T e [ e (34)
where the value of f,, f,, f, and f, are given by the Eqgns. (29), (30), (31) and (32).
The variation of velocity field for different values of M and n is noted in table-11 (a)
Table - 11 (a)
M=0,n=50,nt=r/2, ¢=5A=1
0 .02 .04 .06 .08 1
0 .021 .043 .065 .088 11
For, ¢ =.284
| 0 | 0020 | 0041 | 003 | 084 | .106
M=0,n=50,nt=7r/2, ¢=.5A=1
0 .02 .04 .06 .08 A
0 .05 .108 146 191 233
For, ¢ =.284
\ 0 | o050 | 09 | 143 | 187 | 228
Table - 11 (b)
M=0,n=300,nt=7r/2, ¢=.5A=1
y 0 .02 .04 .06 .08 A
u 0 .023 .047 .075 107 137
For, ¢ =.284
u | 0 | 0021 | 044 | 0068 | 095 | 120
M=2n=300,nt=7/2, ¢=.5A=1
y 0 .02 .04 .06 .08 A
u 0 .052 103 155 207 257
For, ¢ =.284
u | 0 | o050 | a0 [ 148 | 196 | 242

It is clear from the table no. Il(a) and (b) that velocity field increases as the Hartmann number M
increases but the variation is very low as compared to exponentially increasing case (i) shown in table 1.

The point of interest lies here in the fact that the effect of magnetic field in the presence of suction is
to accelerate the flow and to prevent the reverse flow, even for the higher values of constant parameter n, in
both the cases.
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