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Abstract

The problem of MHD two-dimensional fiow past an infinite porous plate with constant suctior moving
with arbitrary time dependent velocity, under time dependent pressure gradient when initial distri-
bution of velocity is an exponential form is studied. This problem generalises several earlier works
for the case when the motion has started from rest with uniform pressvre gradient as a resuli of the
plate movement in various particular ways.
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1. ‘Introduction

The incompressible laminar viscous fluid flow between two statiomary parallel flat
plates with an arbitrary time varying pressure gradient and with an arbitrary initial
distribution of velocity has been studied by Hepworth and Rice!. The same problem
is studied by Prakash? under the same condition, but with the difference that the flow
is in between two statiomary coaxial circular cylinders. The problem of viscous
incompressible flow past an infinite plate moving parallel to itself with an arbitrary
time dependent velocity when the pressure is umiform and the initial distribution of
velocity is an exponmential form has been discussed by Prakash® Srivastava and Lal*
extended this problem in case of MHD flow. The present paper is concerned with
the study of problem of incompressible laminar viscous clectrically condu.cting ﬂ.uid
flow past an infinite flat porous plate moving parallel to itself with an arbitrary time
dependent velocity with uniform suction at the plate, under constant pressure gradient,
when the initial distribution of velocity is an exponential form.

2. Formulation of the problem and solution

Consider an unsteady laminar viscous MHD flow past an infinite porous flat insl{lated
plate moving parallel to itself with arbitrary time dependent velocity with uniform
159
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suction V(¥ > 0) under 'time dependent pressure gradient, with initial distribution of
velocity being in exponential form. We take x and y axes along and normal to e
plate and assume a uniform ma gnetic field H, acting along y-axis. Then the Zoverning
equation of motion for this problem is
u 2w loap
bY; ay Wk pdx

@y

where m =2 42 Hi = constant. v is the kinematic viscosity and p is the pressure,
P

The initial and boundary conditions are

t =0; u=Aexp(— By)for y=0 2.2
1>0:u=g() for y =0 : 2.3
t>0:u=90 as 1 — oo - 2.4

Here 4, B are non-negative constants and g (z) is bounded continuous or piecewise
continuous arbitrary functlon of 1.

Now if we assume -— g{ =f (1), (2.1) reduces to

W o e S .
31 be + mu vby- +— > 2.3

We solve (2.1) with initial and boundary conditions (2.2)+(2.4), with Laplace trans.
form techniques and the solution, after assuming pressure gradient constant, ie.,

-L—rin=

where C is constant, is given by
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¥ I/2 172 ) . o
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+exp{Vv(4,, +m> }erfﬂ{\A . +\/<H N ’”)’H
C .
+ an(l — ™) + Aexp{— By + vB't — VB — mt}, (v > 0) 2.6

u=g) (=0 2.7

The steady state solution is obtained by taking limit of eqn. (2.6) as ¢ — oo.

oo
. _hy N P B Uy T
U o= cxp< 2v) f gt —T) \/475*'1"’”[’ i i iy il mT} . dT
v v o NE C
- - T = . 2.
pm LXP\ ’hv\\ CXP{ RVAY K4v * m) } +pm @8

3. Discussion

We find that solution (2.8) is valid for both 3z 0. However, this solution is derived
from solution (2.6) which is only valid for y > 0. This is due o discontinnity in the
flow at y = 0 since the start of motion.

From the solution (2.6) we note that velocity field depends on the initial distribution
of velocity, motion of plate and on the pressure gradient, whereas the steady state soln-
tion does not depend on the initial distribution of velocity but on plate motion and
pressure gradient. To see the effect of suction and magnetic field on the velocity
profile we take the plate to be uniformly accelerated, i.e.. g (7) = at. By giving the
values to constants, 4, B, C, and a, as unity (= 1) and taking p = 1 (e.g., water) the
solution. for velocity profile, eqns. (2.6) and (2.7) become

-] e )
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+ exp (4 + m>”2} erﬁ \/t J (W : )t}]
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where
\/v Vy = — and B = 'V/-VB: 1.

We plot the velocity profiles using eqns. (3.1) and (3.2). Figure 1 (@) and (b) show
the velocity profiles for ¢ = 0.5 and ¢ = 1 respectively.

We find from the figures that » is just ¢ as given by eqn. (3.2) for n = Q. Axd for
increasing value of 5 the velocity decreases and for large value of 4, # attains 2
steady value determined by the magnetic field parameter m. For higher value of fime
t, the steady value is attained quickly compared with lower value of time 7 With
increasing value of suction the value of u decreases before it attains steady state value,
The effect of magnetic field is more prominent; it decreases the velocity field and the

@ ot - [ORH
Flg, 1. Velocity Profiles,
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decrease in the value of the velocity at a point is more for higher magnetic field for the
same difference in the value of magnetic field strength. This is also true for higher

value of time f.

4. Special cases
(@) Solution for ordimary hydrodynamic flow (m = 0)
I

g a
m ='/-)H§H6 =0,
hen eqn. (2.6) becomes
t
Vy
u:exp{«?} [ <
P
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— Aexp{— By + vB*t — VBt} + %’w()* > 0y, 4.1)

In the absence of pressure gradient this corresponds to the solution for hydrodynamic
flow given by Srivastavas.

(b) An infinite porous flat plate moving in non-conducting fluid with time dependent
velosity U7 () with uniform suction ¥ on the fluid at rest.

The solution for this problem is obtained by puiting g () = U(th,m =0, 4 =0,
P=0,
’ L4
~ _ e Ty edexp d - [’LT}
H = BXp { 27} f u(t — T 1/47”7T_§exp & &S dr(y > 0)

o

4.2

This corresponds to the expression given by Hasimoto,
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(¢) An infinite porous flat plate oscillating (lincar harmonic) parallel to iel with
velocity U cos nt with uniform suction V in the fluid at rest.

The sotution for this problem for large times is obtained by putting g (t) = Ucos
A=0,m=0,p=0

&0
_2U B f(_,i' {__-2 &
u_\/n:exp{ ZV} ,/r cos " t 4ng>} exp n “IGTW}‘({”

with 1 = yi4/4vT. .3

This solution can be comparﬁd to the solution obtained by Srivastava and Lal®, namely,

u = Uyexp {{2‘2’ —{ YT gin )J } cos{ rl/zcos )y - nt)}
~rn e (A
ro= Kﬁ) 4v0>—l , @ = — tamw ( )

(d) Stokes first problem

where

The classical Stokes first problem can be obtained by putting, g(f) = U, 4 =0
m=0, V=20, and p = 0.

which is the same as Schliciching® solution (Page 72, eqn. 5.22).
(e) Stokes second problem

Solution for Stokes second problem can be obtained with g(t) = Ucosnf, 4 = 0.
m=20, V=0, p=20, for large times, we have from (3.4),

XD
2U { p?
=2 - 0 { — 172 4.4
v= cos {n (r 4"712)} exp(— 2 . dy (4.4)
o

which is equivalent to Schlichting® solution, (Page 75, eqn. 5.26).

5, Conclusions

(1) There is discontinuity in the flow at y = 0, since the start of motion.

(2) The velocity decreases with increase in the magnetic field strength and this decreast
is more with higher value of time ¢.

(3) The increase in the value of suction decreases the transient velocity profile.

(4) The solution obtained is generalisation of several earlier works such as Stoks
problems,
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