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E Exercises : HULANaMauNi 6}

Source: Cengel, Y.A., and Boles, M.A., THERMODYNAMICS :An Engineering Approach, 5" Edition in SI

unit, Mc Graw-Hill, 2006. Prepared by: Assoc.Prof.Sommai Priprem,PhD.

5-5C Describe an imaginary process that violates both the first and the second laws of
thermodynamics.

5-6C An experimentalist claims to have raised the temperature ofa small amount of water
to 150°C by transferring heat from high-pressure steam at 120°C. Is this a reasonable
claim? Why? Assume no refrigerator: or heat pump is used in the process.

Thermal Energy Reservoirs

5-7C Consider the energy dissipated by a computer in a room. What is suitable choice for
a thermal energy reservoir?

5-8C What is a thermal energy reservoir? Give some examples.

5-9C Study the process of boiling eggs. Can the boiling water be treated as a thermal
energy reservoir? Explain.

5-10C Study the process of baking potatoes ina conventional oven. Can the hot air in the
oven be treated as a thermal energy reservoir? Explain.

5-11C Study the energy generated by a TV set. What is a suitable choice for a thermal
energy reservoir?

Heat Engines and Thermal Efficiency

5-12C Is it possible for a heat engine to operate without rejecting an waste heat to a low-
temperature reservoir? Explain.

5-13C What are the characteristics of all heat engines?

5-14C What is the physical significance of the thermal efficiency of heat engine, and how
Is it determined?

5-15C Describe two ways to determine the net work output ofa heat engine.

5-16C Consider the process of baking potatoes in a conventional oven How would you
define the efficiency of the oven for this baking process?

5-17C Consider a pan of water being heated (a) by placing it on an electric range and (b)
by placing a heating element in the water. Which method is a more efficient way of
heating water? Explain.

5-18C Which one of these is a more efficient way of heating house-burning wood in a
fireplace or burning wood in a stove in the middle of the house?

5-19C Which is a more efficient way of converting electricity to light-using a light bulb
or using a fluorescent tube?

5-20C Baseboard heaters are basically electric resistance heaters and are frequently used
In space heating. A homeowner claims that her 5-year old baseboard heaters have a
conversion efficiency of 100%. Is this claim in violation of any thermodynamic law?
Explain.

5-21C What is the Kelvin-Planck expression of the second law of thermodynamics?
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5-22C Does a heat engine that has a thermal efficiency of 100 percent necessarily violate
(a) the first law and (b) the second law of thermodynamics? Explain.

5-23C In the absence of any friction and other irreversibilities, can a eat engine have an
efficiency of 100 percent? Explain

5-24C Avre the efficiencies of all the work-producing devices, including the hydroelectric
power plants, limited by the Kelvin-Planck statement f the second law? Explain.

5-25 An 800-MW steam power plant, which is cooled by a nearby river, as a thermal
efficiency of 40 percent. Determine the rate of heat transfer to the river water. Will the
actual heat transfer rate be higher or lower than this value? W hy?

5-26 A steam power plant receives heat from a furnace at a rate of go GJ /h. Heat losses
to the surrounding air from the steam as it passes Hough the pipes and other components
are estimated to be about 8 GJ /h. If the waste heat is transferred to the cooling water at a
rate of 45 GJ/h, determine (a) the net power output and (b) the thermal efficiency of this
power plant.

Answers: (a) 35.3 MW, (b) 45.4 percent

5-27 A car engine with a power output of 90 kW has a thermal efficiency of 28 percent.
Determine the rate of fuel consumption if the value of the fuel is 44,000 kJ /kg.

5-27E A car engine with a power output of 95 hp has a thermal efficiency of 28 percent.
Determine the rate of fuel consumption if the energy content of the fuel is 19,000
Btu/lbom.

5-28 A steam power plant with a power output of 150 MW consumes 001 at a rate of 60
tons/h. If the energy content of the coal is 30,000 J 'kg, determine the thermal efficiency
of this plant (1 ton= 1000 kg).

Answer: 30.0 percent

5-29 An automobile engine consumes fuel at a rate of 20 L/h and delivers 60 kW of
power to the wheels. If the fuel has a heating value of .1.000 kJ/kg and a density of 0.8
g/cm3, determine the efficiency of this engine. Answer: 30.7 percent

5-29E An automobile engine consumes fuel at a rate of 5 gal/h and delivers 70 hp of
power to the wheels. If the fuel has an energy content of 9.000 Btuw/lom and a density of
50 lbm/fe, determine the efficiency of Iris engine. Answer: 28.1 percent

5-30 Solar energy stored in large bodies of water, called solar ponds, is being used for
generating electricity. If such a solar power plant has an efficiency of 3 percentand a net
power output of 100 kW, determine the average value of the required. solar energy
collectionrate, in kJ/h.  Answer: 1.2 x 107 kJ /h

5-30E Solar energy stored in large bodies of water, called solar ponds, is being used for
generating electricity. Ifsuch a solar power plant has an efficiency of 4 percent and a net
power output of 300 kW, determine the average value of the required solar energy
collection rate, in Btu/h.

Refrigerators and Heat Pumps

5-31C What is the difference between a refrigerator and a heat pump?
5-32C What is the difference between a refrigerator and an air conditioner?

5-33C In a refrigerator, heat is transferred from a lower-temperature medium (the
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refrigerated space) to a higher-temperature one (the kitchen air). Is this a violation of the
second law of thermodynamics? Explain.

5-34C A heat pump is a device that absorbs energy from the cold outdoor air and
transfers it to the warmer indoors. Is this a violation of the second law of
thermodynamics? Explain.

5-35C Define the coefficient of performance of a refrigerator in words. Can it be greater
than unity?

5-36C Define the coefficient of performance ofa heat pump in words. Can it be greater
than unity?

5-37C A heat pump that is used to heat a house has a COP of 2.5. That is, the heat pump
delivers 2.5 kWh of energy to the house for each 1 kwWh of electricity it consumes. Is this
a violation of the first law of thermodynamics? Explain.

5-38C A refrigerator has a COP of 1.5. That is, the refrigerator removes 1.5 kWh of
energy from the refrigerated space for each 1 kWh of electricity it consumes. Is this a
violation of the first law of thermodynamics? Explain.

5-39C What is the Clausius expression of the second law of thermodynamics?

5-40C Show that the Kelvin-Planck and the Clausius expressions of the second law are
equivalent.

5-41 A household refrigerator witha COP of 1.8 removes heat from the refrigerated
space at a rate of 90 kJ/min. Determine (a) the electric power consumed by the
refrigerator and (b) the rate of heat transfer to the kitchen air. Answers: (a) 0.83 kW, (b)
140kJ/min

5-41E A household refrigerator with a COP of 1.8 removes heat from the refrigerated
space at a rate of 55 Btu/min. Determine (a) the electric power consumed by the
refrigerator and (b) the rate of heat transfer to the kitchen air. Answers: (a) 0.72 hp, (b)
85.56 Btu/min

5-42 An air conditioner removes heat steadily from a house at a rate of 750 kJ /min while
drawing electric power at a rate of 6 kW. Determine (a) the COP of this air conditioner
and (b) the rate of heat discharge to the outside air. Answers: (a) 2.08, (b) 1110 kJ /min
5-43 A household refrigerator runs one-fourth of the time and removes heat from the
food compartment at an average rate of 1200 kJ /h. Ifthe COP of the refrigerator is 2.5
determine the power the refrigerator draws when running.

5-43E A household refrigerator runs one-fourth of the time and removes heat from the
food compartment at an average rate of 800 Btu/h. If the COP of the refrigerator is 2.2,
determine the power the refrigerator draws when running.

5-44 Water enters an ice machine at 15°C and leaves as ice at -5°C. Ifthe COP of the ice
machine is 2.4 during this operation, determine the required power input for an ice
production rate of 12 kg/h. (Note that 384 kJ of energy needs to be removed from each 1
kg of water at 15°C to turn it into ice at - 5°C.)

5-44E Water enters an ice machine at 55°F and leaves as ice at 25°F. I1fthe COP ofthe
ice machine is 2.4 during this operation, determine the required power input for an ice
production rate of 20 lbm/h. (Note that 169 Btu of energy needs to be removed from each
lom of water at 55°F to turn it into ice at 25°F.)

5-45 A household refrigerator that has a power input of 450 Wand a COP of 2.5 is to cool
five large watermelons, 10 kg each, to 8°C. If the watermelons are initially at 20°C,
determine how long it will take for the refrigerator to cool them. The watermelons can be
treated as water whose specific heat is 4.2 kJ/(kg*°C). Is your answer realistic or
optimistic? Explain. Answer: 2240 s

5-46 When a man returns to his well-sealed house ona summer day, he finds that the
house is at 32°C. He turns on the air conditioner, which cools the entire house to 20°C in
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15 min. If the COP of the air conditioning system is 2.5, determine the power drawn by
the air conditioner. Assume the entire mass within the house is equivalent to 800 kg of air
for which C, = 0.72 kJ/(kg*°C) and Cp = 1.0 kJ/(kg*°C).

5-46E When a man returns to his well-sealed house on a summer day, he finds that the
entire house is at 90°F. He turns on the air conditioner, which cools the entire house to
70°F in 15 min. If the COP of the air conditioning system is 2.5, determine the power
drawn by the air

The Carnot Cycle and Carnot Principles

5-63C What are the four processes that make up the Carnot cycle?
5-64C What are the four processes that make up the reversed Carnot cycle?
5-65C What are the two statements known as the Carnot principles:

5-66C Somebody claims to have developed a new reversible heat-engine cycle that has a
higher theoretical efficiency than the Carnot cycle operating between the same
temperature limits. How do you evaluate this claim?

5-67C Somebody claims to have developed a new reversible heat-engine cycle that has
the same theoretical efficiency as the Carnot cycle operating between the same
temperature limits. Is this a reasonable claim?

5-68C Is it possible to develop (a) anactual and (b) a reversible heat-engine cycle that is
more efficient than a Carnot cycle operating between the same temperature limits?
Explain.

Carnot Heat Engines

5-69C Is there any way to increase the efficiency of a Carnot heat engine other than by
increasing Ty or decreasing T,.?

5-70C Consider two actual power plants operating with solar energy. Energy is supplied
to one plant froma solar pond at 80°C and to the other from concentrating collectors that
raise the water temperature to 600°C. Which of these power plants will have a higher
efficiency ~d why?

5-71 A Carnot heat engine operates between a source at 1000 K and J sink at 300 K. If
the heat engine is supplied with heat at a rate of 800 kJ / min, determine (a) the thermal
efficiency and (b) the power output of this heat engine. Answers: (a) 70 percent, (b) 9.33
kw

5-71E A Carnot heat engine operates between a source at 1800 R and | sink at 440 R. If
the heat engine is supplied with heat at a rate 0j 1200 Btu/ min, determine (a) the thermal
efficiency and (b) the power output of this heat engine. Answers: (a) 75.6 percent, (b)
21.4 hp

5-72 A Carnot heat engine receives 500 kJ of heat from a source of unknown
temperature and rejects 200 kJ of it to a sink at 17°C Determine (a) the temperature of
the source and (b) the thermal efficiency of the heat engine.

5-73 A heat engine operates between a source at 550°C and a sink at 25°C. If heat is
supplied to the heat engine at a steady rate of 1200 kJ /min, determine the maximum
power output of this heat engine.

5-74 A heat engine is operating on Carnot cycle and has a thermal iency of 55 percent.
The waste heat from this engine is rejected to a nearby lake at 15°C at a rate of 800
kJ/min. Determine (a) the power output of the engine and (b) the temperature of the
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source. Answers: (a) 16.3 kW, (b) 640K

5-76 An innovative way of power generation involves the utilization of thermal energy-
the energy of hot water that exists naturally underground-as the heat source. If a supply
of hot water at 140°C is discovered at a location where the environmental temperature is
20°C, determine the maximum thermal efficiency a geothermal power plant t at that
location can have. Answer: 29.1 percent

5-77 An inventor claims to have developed a heat engine that receives 800 kJ of heat
froma source at 400 K and produces 250 kJ of net work while rejecting the waste heat to
a sink at 300 K. Is this a reasonable claim? Why

Carnot Refrigerators and Heat Pumps

5-79C How can we increase the COP of a Carnot refrigerator?

5-80C What is the highest COP that a refrigerator operating betwc temperature levels TL
and TH can have?

5-81C What is the highest COP that a heat pump operating between temperature levels
TL and TH can have?

5-82C Inaneffort to conserve energy in a heat-engine cycle, somebody suggests
incorporating a refrigerator that will absorb some of the waste energy QL and transfer it
to the energy source of the heat engine. Is this a smart idea? Explain.

5-83C It is well established that the thermal efficiency of a heat engine increases as the
temperature at which heat is rejected from the heat engine TL decreases. In an effort to
increase the efficiency of a power plant, somebody suggests refrigerating the cooling
water before it enter the condenser, where heat rejection takes place. Would you be in
favor of this idea? Why?

5-84C It is well known that the thermal efficiency of heat engine increases as the
temperature of the energy source increases. Inan attempt to improve the efficiency of a
power plant, somebody suggest transferring heat from the available energy source to a
higher temperature medium by a heat pump before energy is supplied to the power plant.
What do you think of this suggestion? Explain.

5-85 A Carnot refrigerator operates ina room in which the temperature is 25°C and
consumes 2 kW of power when operating. If the food compartment of the refrigerator is
to be maintained at 3°C, determine rate of heat removal from the food compartment.
5-86 A refrigerator is to remove heat from the cooled space at a rate 300 kJ/min to
maintain its temperature at -8°C. If the air surround the refrigerator is at 25°C, determine
the minimum power input required for this refrigerator. Answer: 0.623 kW

5-87 An air conditioning system operating on the reversed Carnot '-1 is required to
transfer heat from a house at a rate of 750 kJ/min, maintain its temperature at 20°C. If the
outdoor air temperature is 35 determine the power required to operate this air
conditioning system. Answer: 0.64 kW

Review Problems

5-100 Consider a Carnot heat engine cycle executed in a steady-flow ~:stem using steam
as the working fluid. The cycle has a thermal efficiency of 30 percent, and steam changes
from saturated liquid to saturated vapor at 300°C during the heat addition process. If the
mass low rate of the steam is 5 kg/s, determine the net power output of this engine, in
KW.
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5-101 A heat pump with a COP of 2.4 is used to heat a house. When running, the heat
pump consumes 8 KW of electric power. If the house is loosing heat to the outside at an
average rate of 4000 kJ /hand the temperature of the house is 3°C when the heat pump is
turned on, determine how long it will take for the temperature in the house to rise to
22°C. Assume the house is well sealed (ie., no air leaks) and take the entire mass within
the house (air, furniture, etc.) to be equivalent to 2,000 kg of air.

5-102 A gas turbine has an efficiency of 17 percent and develops a power output of 6000
kW. Determine the fuel consumption rate of this gas turbine, in L/min, if the fuel has a
heating value of 46,000 kJ/kg and a density of 0.8 g/ cm®.

5-103 Show that COPyp = COPR + 1 when both the heat pump and be refrigerator have
the same Qp and Qy values.

5-104 Anair conditioning system is used to maintain a house at a constant temperature of
20°C. The house is gaining heat from outdoors at a rate of 20,000 kJ /h, and the heat
generated in the house from the people, lights, and appliances amounts to 8000 kJ /h. Por
a COP of 2.5, determine the required power input to this air conditioning system.
Answer: 3.11 kW

5-105 Consider a Carnot heat engine cycle executed in a closed system using 0.01 kg of
steam as the working fluid. The cycle has a thermal efficiency of 15 percent, and the
steam changes from saturated liquid to saturated vapor at 70°C during the heat addition
process. Determine the net work output of this engine, in kJ.
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