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MECH314 QUIZ 2 
CLOSED BOOK – NO FORMULAE SHEET ALLOWED 

 
 
If needed, consider the atmospheric pressure Patm equivalent to 100 kPa, g = 9.8 m/s2, and the 
water density as 1000 kg/m3. 

 
 

Problem 1 [40 pts] 
The water syringe shown in the figure is similar to those used in the medical field for intravenous 
injections. For the current position shown with H = 5 cm, what should the applied plunger force F 
be to achieve a volumetric flow rate of 15 ml/sec. (1 ml) is equivalent to ( 36101 m−× ). You may 
neglect friction in the system. The cylinder diameter is Dcyl = 20 mm and the jet dia. D = 1 mm. 

 
Problem 2 [40 pts] 

A number of FEA students have suggested that AUB should install a water fountain next to the 
Bechtel Building to beautify Lower Campus. It is expected that the fountain will be 
continuously operated only during school days (approx. 150 days per year). In one suggested 
design, the fountain will have 20 identical, vertical jets similar to the one shown in the figure – 
with each jet driven by its own pump. The electrically powered pump transfers water from a 
constant level reservoir to the fountain as shown. The jet leaves the pipe end with a diameter D 
= 12 mm, and velocity V = 20 m/s. Take H1 to be 185 cm, H2 100 cm, and H3 75 cm. The 
friction head loss in the whole system is approximately estimated to be 45 cm. 
A. Estimate the power consumption for one pump. 
B. Compute the electric power consumption per pump if the pump efficiency is 80%. 
C. What are the electricity costs in USD for running this 20-jet fountain over one year. It costs 

AUB approximately 3 cents per kilo Watt-Hour (kW-h). One USD is equivalent to 100 
cents. 

 
Problem 3 [20 pts] 

a) One can use the Navier Stokes equation to study the flow details inside a pump or a fan like the 
one shown in the figure. Write the appropriate boundary conditions at points A and B. Point A 
is on the tip of the rotating blade and point B lies on the stationary casing. 

b) Illustrate the difference between local and convective accelerations in a fluid flow. 
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USEFUL FORMULAS 
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Efficiency: 
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Steady momentum conservation: ∑∑∑
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Power = torque x angular speed = force x velocity = Q x Dp; where Q: volumetric flow rate 
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