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ABSTRACT : In this paper we study the exact solution of Navier-Stokes equation for unsteady flow of a viscous incompressible
flow through a channel bounded by two parallel porous flat plates, one in uniform motion and the other at rest with uniform
suction at the lower plate and equal injection at the upper plate under the influence of pressure gradient expressed as a linear
function of time.
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1. Equation of Motion

Let us consider the dimensional laminar flow of a viscous incompressible fluid between two parallel porous flat plate kept at a
distance 2h. Let a rectangular Cartesian system of co-ordinates axis be selected with the axis of X along the midway between the
plates and Y axis perpendicular to it. In the present problem, the laminar flow of a viscous incompressible fluid confined between
two parallel porous flat plates, one of which is at rest and other moving in its own plane with uniform velocity U. Let u, v be the
velocity components along X and Y axis respectively. The Navier-Stokes equations for unsteady laminar flow of viscous
incompressible fluid in absence of body forces are given by
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and equation of continuity is
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when v and p denotes the kinetic viscosity and density of the fluid.
Boundary conditions are
t>0, fory=0
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where vo being constant and h is the distance between the plate.
It assumed that the longitudinal velocity is independent of x, so that
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Thus using (5) equation (3) becomes
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The pressure p is independent of y. Thus equation (1) becomes
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The equation (8) with the help of (9) becomes
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Where suction parameter o = %
Boundary condition (4) becomes
u(o,t)=0, n=0
u@Rt)=1 77:1}
2. Method of Solution
The equation (10) can be written as
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and U(n, 1) =0, (n) £ (1) =0,(n7, 1) =T, (r7) (1) (14)
Now,
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From equation (13) and (15) in equation (10) we get
af"+f' (ol -0, -0)+ f(1—ol, +05) =0 (16)

Thus we have
f"t)=0 (forall t) an
1-oUy+U'=0 (18)
and ol —U,-u'=0 (19)
f"(t)=0
From (17) which gives
f(t)=A+Bt (20)
Where A and B are dimensionless constant. Thus from (13) and (20)
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Again, (18)
Uy (7) — ot (7) = -1 (22)
Boundary conditions are
U, (0)=0 for n=1 23)
U, =1 for p=1

From (22)
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The above differential equation assume the form
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Solution of (24) is given by
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The solution of differential equation (25) is given by
U, = 1+5e"’7 +L (26)
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where K and L are constant of integration using the boundary conditions, we have
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Thus the solution of differential equation (22) is given by
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and it also becomes
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The solution of (29) is given by
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From (31) and (32), we get
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Now substituting the value of T, (7) and U,(77) from (28) and (33) in (14) and using (20), we get
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Thus (34) represents the complete solution for the longitudinal velocity in the present case when o =0, i.e. when the wall are
porous.
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