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1. Consider a single vane with turning angle, 6, moving horizontally at constant speed, U, as shown in Fig. 1.
A jet of fluid with absolute velocity, V, strikes the vane. Assume the jet area is A

(a) Find the force which is delivered to the vane. (10%)
(b) Find the power which the vane could deliver under the action of the water jet. (5%)
(c) Find the value of U/V to maximize the power delivered by the jet. (5%)
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2. If the approach velocity is not too high, a bump in the bottom of a water channel causes a dip in the water
surface which may serve as a flow rate measurement, as shown in the Fig. 2. If h;=1m, d,;=10cm, d,=10cm,
what is the volumetric flow rate per unit width assuming no energy losses? (15%)

(Fig.2)

3. Consider the incompressible flow of a fluid of viscosity p down an inclined plane, as shown in Fig. 3.
Assume that the flow is steady, one-dimensional and the atmosphere exerts constant pressure and negligible

shear on the free surface.
(a) Draw a free body diagram for a fluid element (must include shear stresses and pressure forces). (5%)

(b) Derive and expression for u(y) (10%)
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(Fig. 4)

5. A nozzle is attached to a vertical pipe and discharges water into the atmosphere as shown in Fig. 5. When
the discharge is 0.2 m3/s, the gage pressure at the flange is 30 kPa. Determine the vertical component of the
anchoring force required to hold the nozzle in place. The nozzle has a weight of 200 N, and the volume of
water in the nozzle is 0.015 m>. (25%)




