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The rotating cylinder of figure 1 is 30 cm in diameter and 42 cm high. It
is filled to a depth of 35 c¢cm with liquid. Determine the angular velocity
required to spill liquid over the top.(20%)

Free surface during rotation

.- Free surface at rest

Figure 1.
A water jet of velocity 3 m/s and a cross-sectional area of 1 m’ strikes a
curved vane as shown in figure 2. The vane is moving at a velocity of 1 m/s
in the positive x direction, and it deflects the jet through an angle of
60° . Assuming no frictional losses between the jet and the surface, determine
the reaction forces Fx and Fy. (20%)

Figure 2

Water flows through a pipe reducer as is shown in figure 3. The static
pressures at (1) and (2) are measured by the inverted U-tube manometer
containing oil of specific gravity, SG, less than one. Determine the
manometer reading, h, which is a function of Q, Al, A2 and SG. Assume the
flow is steady, inviscid and incompressible. (20%)

Figure 3

Water enters a rotating lawn sprinkler through its base at the steady rate
of 1000 ml/s as sketched in figure 4. The exit area of each of the two nozzles
is 30 mm’, and the flow leaving each nozzle is in the tangential direction.
The radius from the axis of rotation to the centerline of each nozzle is
200 mm. (20%)

(a) Determine the resisting torque required to hold the sprinkler head
stationary. (10%)
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(b) Determine the speed of the sprinkler if no resisting torque is applied.
(10%)
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Figure 4

Consider the laminar flow of an incompressible fluid past a flat plate at
y=0. the boundary layer velocity profile is approximated as u = Uy/J for
0=y = 6 and u=Ufor y> J, as is shown in figure 5. Determine the
shear stress by using the momentum integral equation. (20%)
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