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The exact solution of the problem of unsteady incompressible viscous
flow under a time-varying pressure gradient in a straight channel with two
parallel porous walls with uniform suction and injection at the walls has
been obtained by PrakasH [1]. MATHUR [2] dealt with the unsteady flow of
an electrically conducting, viscous and incompressible fluid between two
parallel uniform porous walls in the presence of transverse magnetic field
when there is a constant injection on the lower wall and an equal suction at
the upper wall. The present note is concerned with the study of unsteady flow
of an electrically conducting, viscous fluid through a straight channel with two
parallel porous flat plates under a time varying pressure gradient when there
is equal and uniform suction and injection on the walls. The exact solution
of the problem has been obtained when pressure gradient is constant and then
the case of steady flow under a constant pressure gradient has been deduced
taking the time since the start of motion to be infinite. The flow takes place
in the presence of a uniform vertical magnetic field.

Consider an unsteady electrically conducting two-dimensional incompres-
sible flow through a straight channel with two parallel porous flat plates situated
at a distance h apart.We take x and y values along and transverse to the parallel
plates and assume a uniform magnetic field H, acting along y-axes. The fluid
is being injected into the channel through the wall at ¥ = 0 and is being sucked
through the wall at y = h with a uniform velocity V. Elastic field E is assumed
to be zero. The induced magnetic field due to electrical current flow in the
fluid is assumed to be very small and the electric conductivity o of the fluid is
sufficiently large.

At a sufficiently large distance from the origin the flow is fully developed
and the physical quantities depend on y and ¢ only. Then the governing
equations of the problem are
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0=2P, @)
%
with the initial and boundary conditions
0<y<hiu=0, v=0 for <0,
y=0:u=0, v=1",,
y—hiu=0, v=V for ©¢>0. 3)

Analysis

Introducing non-dimensional quantities as

u x P t
Uy == ———, X=— = -, = . 4
7 1= N oV2 Py WV, (4)
into Eq. (1)—(2), which reduce to
ou ou 9 1 2%u
—1 —“l*z*ﬁ"l"—"‘——*l‘—mﬂ‘n (5)
at, Oy, 9x, R, 09
0= 2P (6)
on
0y, <l:yy=20for ¢, <O,
7
¥1=0,1:u,=0 for t;, >0, Y
where R, = Vyh/v = suction and injection Reynolds number,
kR o 12
m}? = (~— - —p2H}| = Ry = magnetic parameter,
Vo ¢
M
m=—2, M= —(’-uﬁH& h*| = Hartmann number.
R, Iz
Now assuming gp,/ox, = — f(t,), thus (5) reduces to
ou,y ou, 1 &%u,
—1 = f(t,) + — —mym,. 8
or, + oy, f() R oy 1My (8)

To obtain the solution of (8), we will apply here Laplace transformation
which is defined for velocity u, as

Uy = jo‘” uy e~ohdt, . (9)
Thus (8) and (7) transform to
d2"’ d"’ -
_.,'_:L — Rt R,(A4+m;) = — R, f(2) (10)
dyi dy,
i, =0 at y, = 0,1, (11)
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where f) = ff(tl) e M dt, . (12)
b
The solution of (10) subject to the boundary condition (11) is
_ i R s (VB —
= ) sinh VB [ eXP{(yl )5 }smh(V—yl) o
R, . f4)
_ Lt _ B A
eXP{yl > lsmh {@—y) V_}]+ Pt
where
5 Bt AR (4m)
= 1 .
thus
_1me fay [ RN B
T 27i y—i o ()‘+ml) sinh V_'B_ [ P {(yl }sul (V yl) (14)

— exp [y1 8 }smh {Q—»)VB}+ (;_(:) )] et di.

After assuming pressure gradient constant (i.e., 9p,/ax, = — f(,) = P, P is
positive constant), (14) becomes

foo R,
uy = 1 Jv+ [ P — V7 sink (V’Byl) _

Bni)y_iw | [~ MA+m,)sink VB (15)
&% sink {(1—y,)VB}] toT

] eMidA.
+m;)

Therefore solution for constant pressure gradient with the help of poles and
residue method is given by

yRe RipaR,m, | & Ri+4R,m,
N o A S A O

) b 1/REL4R *
m ink VM
4
R,
e i 2 sinh [ I;s 3’1} — &*2 sinh [-1—;1 (l—yl)]
-+ _P_ e—mii | ] 4 R
m sinh —> (16)
2
R, R, R} + 4an?
o | nc2 ¥ sink (nay,) {e_T (1" —1} o~ (FHEE +m)
1+ 32PRxx ¥
=, (RET 4™y 4R, (R A

(n=0,1,2,3,...).
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Solution for steady state

Solution for steady state from (16) can be obtained by taking its limit
i — W,

R e R REL4Rm.
SRS sinh”/l_z.g;l':_Ri"! y1]+e"‘ T sinh”/lz_g'*#in_l (1 —yl)]
w="1- '

m sinh VR§ +4R.m,
4
(7)

Now we shall obtain the steady state solution directly from the equation of
motion (8) which, after substituting P for f(¢,), reduces to

d?u du
21 — Rs L my R u, = *PRs (18)
dy}

dy,

with boundary conditions
uy, =0, y =01. (19)

It may be easily seen that solution of (18) subject to the boundary conditions
(19) is (17).
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