Problem Set # 4

Due on 2/19/2009 before 2 PM

2-62 Consider a 3-kW hooded electric open burner in an
area where the unit costs of electricity and natural gas are
$0.07/kWh and $1.20/therm (1 therm = 105,500 kJ), respec-
tively. The efficiency of open burners can be taken to be 73
percent for electric burners and 38 percent for gas burners.
Determine the rate of energy consumption and the unit cost
of utilized energy for both electric and gas burners.

2-71 Electric power is to be generated by installing a
hydraulic turbine—generator at a site 70 m below the free sur-
face of a large water reservoir that can supply water at a rate
of 1500 kg/s steadily. If the mechanical power output of the
turbine is 800 kW and the electric power generation is 750
kW, determine the turbine efficiency and the combined tur-
bine—generator efficiency of this plant. Neglect losses in the

pipes.

2-78 Water is pumped from a lower reservoir to a higher
reservoir by a pump that provides 20 kW of shaft power. The
free surface of the upper reservoir is 45 m higher than that of
the lower reservoir. If the flow rate of water is measured to
be 0.03 m/s, determine mechanical power that is converted
to thermal energy during this process due to frictional effects.



5m

Dz =0
)

FIGURE P2-78

2-123 The force required to expand the gas in a gas spring
a distance x is given by

B Constant

xﬁc

where the constant is determined by the geometry of this de-
vice and k is determined by the gas used in the device. Such
a gas spring is arranged to have a constant of 1000 N - m'*?
and k = 1.3. Determine the work, in kI, required to compress
this spring from 0.1 m to 0.3 m. Answer: 1.87 kJ

2-127 Windmills slow the air and cause it to fill a larger
channel as it passes through the blades. Consider a circular
windmill with a 7-m-diameter rotor in a 10 m/s wind on a day
when the atmospheric pressure is 100 kPa and the tempera-
ture is 20°C. The wind speed behind the windmill is mea-
sured at 9 m/s. Determine the diameter of the wind channel
downstream from the rotor and the power produced by this
windmill, presuming that the air is incompressible.
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FIGURE P2-127

2-128 1In a hydroelectric power plant, 100 m*/s of water flows
from an elevation of 120 m to a turbine, where electric power is
generated. The overall efficiency of the turbine—generator is 80
percent. Disregarding frictional losses in piping, estimate the
electric power output of this plant.  Answer: 94.2 MW

FIGURE P2-128



2-130 A diesel engine with an engine volume of 4.0 L and
an engine speed of 2500 rpm operates on an air—fuel ratio of
18 kg air/kg fuel. The engine uses light diesel fuel that con-
tains 750 ppm (parts per million) of sulfur by mass. All of
this sulfur is exhausted to the environment where the sulfur is
converted to sulfurous acid (H,SO;). If the rate of the air
entering the engine is 336 kg/h, determine the mass flow rate
of sulfur in the exhaust. Also, determine the mass flow rate of
sulfurous acid added to the environment if for each kmol of
sulfur in the exhaust, one kmol sulfurous acid will be added
to the environment.

2-137 Electric power is to be generated in a hydroelectric
power plant that receives water at a rate of 70 m*/s from an
elevation of 65 m using a turbine—generator with an effi-
ciency of 85 percent. When frictional losses in piping are dif-
regarded, the electric power output of this plant is

(a) 3.9 MW (b) 38 MW (c) 45 MW (d) 53 MW
(e) 65 MW

2-131 Leaded gasoline contains lead that ends up in the
engine exhaust. Lead is a very toxXic engine emission. The use
of leaded gasoline in the United States has been unlawful for
most vehicles since the 1980s. However, leaded gasoline is
still used in some parts of the world. Consider a city with
10,000 cars using leaded gasoline. The gasoline contains 0.15
o/l of lead and 35 percent of lead is exhausted to the envi-
ronment. Assuming that an average car travels 15,000 km per
year with a gasoline consumption of 10 L/100 km, determine
the amount of lead put into the atmosphere per year in that
city. Answer: 788 kg



