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Question 9

& viscous fluid of constant density @ & :
the channel farmed by bW infinite, pa.:a.ﬁel. planes, Mnstrated a5 =

of a Cartegian eoordinate (&, ¥, =) system in Figure 1.

| congtant. coefficient of viscosity p Hows L
=0and z=a
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Fugure I

ary wheseas the plane z = a moves parailel to itgelf in

The plane 2 =018 station
ad [Fe—t, where 7 is 2 positive constant

the direction of the positive r-axis with ap

and ¢ represents Lime.

{1y 1If the pressure in the fuid is imlependent af y and gravitational forces on the
duid ace negligible, why is it rensonable to conskder tom-dimensional low with
ni variation in the ¥ dipection? Write down the mathematical consequences
of () two-dimensional flow, (b} no variation in the y direction and (e} the
velority field not changing with position  along the channel.

Henot write dewn the appropriate continuity equation for the Auad welocity u,
and give the boundary conditions on u at the upper and lower planes. Hence
show that u = thi, where uy 15 a function of = and t only.

(it} Write down the - and z-components of the Navier-Stokes equations for the
fiow and hence show that the pressure, p, i & function of r and § oniyv. By
assuming forms for w, and p, grven by

w5y = et f(z) and ple.t) =& Chiz),

show that the Navier-Stokes equations have a solution in which

f{=]=A¢mJE: 4+ Bsin {E:_EI
H T

where A, [ and C are constants. Dhisterming expressons for A and B in terms
of C, g, p, UF and a: <

{iit} Sketch the velocity profile at ¢ = 0 in the case when S

MST322/G TURN OVER 5

9]

4

[#]
=



