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[image: image1.png]2-34 A damaged car is being towed by a truck. The extra power needed is to be determined for three different cases.
_Assumptions Air drag, friction, and rolling resistance are negligible.
Analysis The total power required for each case is the sum of the rates of changes in potential and kinetic energies. That is,
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[image: image2.png]2-66 A large wind turbine is installed at a location where the wind is blowing steadily at a certain velocity. The electric
power generation, the daily electricity production, and the monetary value of this electricity are to be determined.

_Assumptions 1 The wind is blowing steadily at a constant
uniform velocity. 2 The efficiency of the wind turbine is

independent of the wind speed. — Wind
Properties The density of air is given to be p=1.25 kg/m’ Wind 5 turbine
Analysis Kinetic energy is the only form of mechanical s
energy the wind possesses, and it can be converted to work RSN 100 m
entirely. Therefore, the power potential of the wind is its
Kinetic energy, which is 7%/2 per unit mass, and 77> /2 for _—
a given mass flow rate
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2 2 1000m~/s.
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Wax = Emech = Memecy = (78,540 kg/s)(0.032 kI/kg) = 2513kW
‘The actual electric power generation is determined from
Weet = vind tusbine Wi = (0:32)(2513kW) = 804.2 kW
‘Then the amount of electricity generated per day and its monetary value become
Amount of electricity = (Wind power)(Operating hours)=(804.2 kW)(24 h) =19,300 kWh
Revenues = (Amount of electricity)(Unit price) = (19,300 kWh)($0.06/kWh) = $1158 (per day)

Discussion Note that a single wind turbine can generate several thousand dollars worth of electricity every day at a
reasonable cost, which explains the overwhelming popularity of wind turbines in recent years.



[image: image3.png]2-70 A pump is pumping oil at a specified rate. The pressure rise of oil in the pump is measured, and the motor efficiency is
specified. The mechanical efficiency of the pump is to be determined.

_Assumptions 1 The flow is steady and incompressible. 2 The elevation difference across the pump is negligible.
Properties The density of oil is given to be p = 860 kg/m’

Analysis Then the total mechanical energy of a fluid is the sum of the potential, flow, and kinetic energies, and is expressed
per unit mass as €eq, = gh+ Pv+ 77 /2. To determine the mechanical efficiency of the pump, we need to know the
increase in the mechanical energy of the fluid as it flows through the pump, which is
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Substituting, the useful pumping power is determined to be O
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‘Then the shaft power and the mechanical efficiency of the pump become

W st = Tesotor Weleerc = (0.90)35 kW) =31 5 kW
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pusp. .
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Discussion The overall efficiency of this pump/motor unit is the product of the mechanical and motor efficiencies, which is
0.9x0.836=0.75.



[image: image4.png]2-82C The three mechanisms of heat transfer are conduction, convection, and radiation.



[image: image5.png]2-118 The available head, flow rate, and efficiency of a hydroelectric turbine are given. The electric power output is to be
determined.

_Assumptions 1 The flow is steady. 2 Water levels at the reservoir and the discharge site remain constant. 3 Frictional losses
in piping are negligible.

Properties We take the density of water to be p = 1000 kg/m’ = 1 kg/L.

_Analysis The total mechanical energy the water in a dam
possesses is equivalent to the potential energy of water at the
free surface of the dam (relative to free surface of discharge
water), and it can be converted to work entirely. Therefore, the

power potential of water is its potential energy, which is gz per
unit mass, and rirgz for a given mass flow rate.
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The mass flow rate is

1= pV = (1000 kg/m>)(65m/s) = 65,000 kg/s

‘Then the maximum and actual electric power generation become

Wgax = Eech = Memecy, = (65,000 kg/s)(0. m91a/kg)[7

Wdeemic = Toverat Vansx = 0-84(57.39 MW) = 48.2 MW

Discussion Note that the power generation would increase by more than 1 MW for each percentage point improvement in
the efficiency of the turbine-generator unit.




