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In the present paper an exact solution of the Nasier Stokes equations has been obtained, conaidering the flow of a 
viscous incompressible fluid between two infinitefy extended parallel plates when upper plate is moving with uniform 
velocity and the lower plate is performing linear oscillations in its own plane. The technique of Laplace transform 
has been employed to obtain the velocity distribution, which has been shown graphically. 

The steady motion of a viscous incompressible fluid between two infinitely extended parallel plates when 
upper one is moving with uniform velocity and the lower one is at  rest, is a well known plane Couette flowl. 
The exact solutions of Navier Stokes equations for the flow near a plate with impulsive and simple 
harmonic motion are also well known2. The unsteady motion of a viscous incompressible fluid due to the per- 
iodic pressure gradient in different geometries has been considered by several researchers-Sexel3, Uchida4, 
Verma5 and DrakeG. Dube7 has further investigated the unsteady flow of a viscous incompressible fluid in a 
channel bounded by the parallel flat plates. He has considered two oases: (i) When pressure gradient is 
varying linearly with time, (ii) When pressure gadient is decreasing exponentially with time. 

Gupta & Goyal8 have analysed the same problem for the first case of Dube7. They have reported a 
back flow initially for ( 3b2 < b, ). Recently Verma & Gaur9 have investigated the unsteady flow and 
temperature distribution of a viscous incompressible fluid between parallel plates in which they have im- 
proved the result of Gupta & Goya18. 

Studies of the unsteady problems involved with helicopter rotors (such as oscillating cross flow over 
the rotors, the time dependent oscillating flow over the airofoils etc.) are of much interest for minimising 
the unsteady effects of the environment. As it is well known, that the flow over a flat plate is a &astie 
&plifigation of the flow over a helicopter wing. To have an insight in such problems, we have considered 
the unsteady flow of a viscous incompressible fluid in a straight channel bounded by two infinitely extended 
parallel plates when the upper plate is moving with uniform velocity U, and the lower one is performing 
oscillations of the type u = V eint in its own plane. The method of Laplace transform is used to obtain the 
velocity distribution. The velocity profiles have been plotted in different cases to show the effect of 
oscillations. Coefficient of skin-friction is also plotted. 

- . F O R M U L A T I O N  O F  T H E  P R O B L E M  A N D  I T S  S O L U T I O N  

We assume the fluid to be confined between two infinitely extended parallel plates at  y=O and y=y,. 
Axis of a be taken along the lower plate and y be measured normal to it. The upper plate is moving in a 
direction with uniform velocity 0, and the lower plate is performing oscillations of the type u = r  e int, 

The equations of motion and continuity for an incompressible viscous fluid in two-dimensions are : 
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The solution of (7) is 
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Now in order to solve (8), we define the L a p h e  trainsform - .  , a . - 
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Equa,t;lon (3) is to be wlved subject k the following boundary conditions : I .  
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3fdtiplying both the sides of (8) by e l t  and integrating between the limits -6 to .a, ;we have the Laplace 
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C O E F F I C I E N T  O F  S K I N - F R I C T I O N  

Coefficient of skin friction is given by (for U= V) 

ower plate, we have 

o = 1 +- E -[ cosh a sin a (Q sin nt - P cos nt) + 
+ sinh a cos a (Q cos nt + P sin nt) ] / [ cosh2 a sin2 a + sinh2 a cos2 a 1 - 
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L = l  

where P = a [ cosh a cos a + sinh a sin a ] 

and 
Q = a [ sinh a sin a - cosh a cos a ] . 

Similarly for the upper plate, we have 

(Cffy = yo = 1 + E a [ sinh a cos a (sin nt - cos nt) - 

- cosh a sin a (sin nt + cos ng) ] / [ coshz a sin2 a + sinh2 a cos2 a ] - 

N U M E R I C A L  D I S C U S S I O N  

The velocity profiles are drawn in Pigs. 1-4 for V = U, E =O 5 and E= 1. The behaviour of the velocity 
along the plate for various values of nt are shown in Figs. 1 and 2. The oscillating plate sets up a correspond- 
ing 0~01l,latim in the fluid which is effected by the motion of the upper plate. As expected the resulting 
motion is the superimposition of the motion due to oscillating plate and the Couette flow. The velocity 
profiles are plotted against nt for various values of (ylh)  in Figs. 3 and 4. The oscillations set up in the 
fluid in the neighbourhood of the oscillating plate are damped as we move towards the upper plate which 
is moving with a uniform velocity. The coefficient of skin-friction at  both the plates is plotted against 
nt in Fig. 5. For the lower plate, the coefficient of friction is maximum for nt=37r/4; and for nt=O, it  
gives the coefficient of friction for plane Couette flow. For the upper plate the coefficient of friction 
oscillates about 1. 
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