PRINCE OF SONGKLA UNIVERSITY

FACULTY OF ENGINEERING

Mid-term Examination : Semester 1 Academic Year : 2010
Date : 2 August 2010 Time : 9:00-12:00

Subject :231-311 Momentum and Heat Transfer Room : S201
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2. Freshwater and seawater flowing in parallel horizontal pipelines are connected 1o
each other by a double U-tube manometer. Determine the pressure difference between
the two pipelines. Take the density of seawater at that location 1o be P = 1,035 kg/ms.

Can the air column be ignored in the analysis? (10 points)




3. The water side of the wall of a 100-m-long dam is a quarter circle with a radius of 10
m. Determine the hydrostatic force on the dam and its line of action when the dam is

filled to the rim. {10 points)




4. The water in a 10-m-diameter, 2-m-high above ground swimming pool is to be
emptied by unplugging a 3-cm-diameter, 25-m-long horizontal pipe attached to the
bottom of the pool. Determine (a) the maximum discharge rate of water through the pipe

and (b) how long it will take to empty the swimming pool completely. (20 points)
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5. An entrepreneur is considering building a large reservoir 40 m above the lake level,
pumping water from the lake to the reservoir at night using cheap power, and letting the
water flow from the reserveir back to the lake during the day, producing power as the
pump-motor operates as a turbine-generator during reverse flow. Preliminary analysis
shows that a water flow rate of 2 m’/s can be used in either direction, and the
irreversible head loss of the piping system is 4 m. The combined pump-motor and
turbine-generator efficiencies are expected to be 75 percent each. Assuming the
system operates for 10 h each in the pump and turbine modes during a typical day,
determine the potential revenue this pump-turbine system can generate per year if a
utility company is selling electric power for $0.03/kWh at night and is welling to pay

$0.08/kWh for power produced during the day. (20 points)




B. A vented tanker is to be filled with fuel oil with P = 920 kg/m’ and L = 0.045 kg/m.s
from an underground reservoir using a 20-m-long, S-cm-diameter piastic hose with a
slightly rounded entrance and two 90° smooth threaded bends. The elevation difference
between the oil level in the reservoir and the top of the tanker where the hose is
discharged is 5 m. The capacity of the tanker is 18 m® and the filing time is 30 min.
Taking the kinetic energy correction factor at hose discharge to be 1.05 and assuming

an overall pump efficiency of 82 percent, determine the required power input to the

pUME. {20 points)

Tanker
I8 m?




7. During a winter day, wind at 55 km/h, 5°C, and 1 atm is blowing parallel to a 4-m-high
and 10-m-long wall of a house. Assuming the wall surfaces to be smooth, determine the
friction drag force acting on the wall. What would your answer be if the wind velocity has
doubled? How realistic is it to treat the flow over side wall surfaces as flow over a flat

plate? {15 points)
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