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A velocity field is given by V = (V, /1) (x1 — yj) where V; and / are constants.

(a) At what location in the flow field is the speed equal to 7,? (5 %) |

(b) Make a sketch of the velocity field in the first quadrant (x = 0,y = 0) by drawing
arrows representing the fluid velocity at representative locations. (10 %) ;
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Air flows steadily at low speed through a horizontal nozzle, discharging to atmosphere. -

The area at the nozzle inlet is 0.1 m?, and 0.02 m? at the nozzle exit. Determine the

gauge pressure required at the nozzle inlet to produce an outlet speed of 50 m/s. (15 %)

Water flows steadily through the 90° reducing elbow pipe. At the inlet to the elbow, the
absolute pressure is 220 kPa and the cross-sectional area is 0.01 m®. At the outlet, the
cross-sectional area is 0.0025 m’ and the velocity is 16 m/s. The elbow discharges to
the atmosphere. Determine the force required to hold the elbow in place. (20 %)

A viscous fluid is contained between wide, parallel plates spaced a distance / apart as
shown in Fig.1. The upper plate is fixed, and the bottom plate oscillates harmonically
with a velocity amplitude U and frequency @ . The differential equation for the
velocity distribution between the plates is: |
ou  Ou
,05 = lly

where u is the velocity, ¢ is time, and p and g are fluid density and viscosity,

respectively. Rewrite this equation in a suitable non-dimensional form using #, U, -

and @ as reference parameters. (15%)

Fixed plate

m— 1= U cos(ewt)
Fig. 1
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A gate having the cross section shown in Fig.2 closes an opening 1.5 m and 1.2 m high ‘

'in a water reservoir. The gate weighs 2.2kN and its center of gravity is 0.3 m to the left
of AC and 0.6 m above BC. Determine the horizontal reaction that is developed on the
gate at C. (20%) ’
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Fig.2

6. A 1-m-diameter cylindrical mass, M, is connected to a 2-m-wide rectangular gate as

shown in Fig. 3. The gate is to open when the eater level, /2, drops below 2.5m.
Determine the required value for M. Neglect friction at the gate hinge and pulley.
(15%)
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Fig. 3
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