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1.  Water at 20° C flows through the elbow in Figure I and exits to the atmosphere. The pipe
diameter D = 10 cm, and D, =3 cm. At a weight flow rate of 150 N/s, the pressure
p1 =2.3 atm. (gauge). Neglecting the weight of water and of the elbow, estimate the
horizontal force resisted on the flange bolts at Section 1. (20 points)

Figure 1

2. (a) Describe the phenomenoﬁ of cavitation. (3 points)

(b) A small submersible moves at velocity Vin 20° C water at 2-m depth. Its critical
cavitation number is Ca.= 0.25. The free surface pressure is standard atmospheric. At
what velocity will cavitation bubbles form ? Will the body cavitate if V =30 m/s and
the water is cold (5°C) ? Note : the cavitation number is defined as :

Ca=2(p-p,)/pV? (7 points)

(c) Due to surface tension, a solid cylindrical needle of diameter d, length L, and density p,
may "float" on a liquid surface. Neglect buoyancy and assume a contact angle of 0°.
Calculate the maximum diameter dy,.of needle able to float on the surface. Calculate
dma for a steel needle (SG = 7.84) in water at 20° C. (10 points)

3. Compute the horizontal and vertical components of the hydrostatic force on the
quarter-circle panel at the bottom of the water tank in Figure 3. (20 points)
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4. (a) Explain the influence of viscosity on fluid-mechanical behaviour, and show how its effects
are related to the velocity distribution. Why is viscosity referred to as a transport property ?

(8p oints)

- (b) Air at 20° C forms a boundary layer of sine-wave shaped velocity profile near a solid wall,
as shown in Figure 4. For the given 6 mm thickness and peak velocity, compute the shear
stress in the fluid at y equal to (a) 0 ; (b) 3 mm ; (¢) 6 mm. (12 points)

Umax = 10m/s

Peak
Figure 4

6 mm

Sine wave

5. (a) The 2-m-diameter cylinder in Figure 5a is 4 m long into the paper and rests in static
- equilibrium against the smooth wall at point B. Compute (a) the weight and (b) the specific
gravity of the cylinder. Assume zero wall friction at point B. (10 points)

(b) The fuel gauge for a car petrol tank reads proportional to the bottom pressure gauge as in
Figure 5b. If the tank accidentally contains 2 cm of water plus petrol, how many

centimetres "h" of air remain when the gauge reads "full" in error ? (10 points)
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