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Chapter 6, Solution 12C.

No. Because 100% of the work can be converted to heat.

Chapter 6, Solution 17.

The power output and thermal efficiency of a power plant are given. The rate of heat rejection is to be determined, and the result is to be compared to the actual case in practice.

Assumptions 1 The plant operates steadily. 2 Heat losses from the working fluid at the pipes and other components are negligible. 
Analysis The rate of heat supply to the power plant is determined from the thermal efficiency relation,
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[image: image19.bmp]
The rate of heat transfer to the river water is determined from the first law relation for a heat engine,
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In reality the amount of heat rejected to the river will be lower since part of the heat will be lost to the surrounding air from the working fluid as it passes through the pipes and other components.

Chapter 6, Solution 23.

[image: image17.bmp]The United States produces about 51 percent of its electricity from coal at a conversion efficiency of about 34 percent. The amount of heat rejected by the coal-fired power plants per year is to be determined. 

Analysis Noting that the conversion efficiency is 34%, the amount of heat rejected by the coal plants per year is 
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Chapter 6, Solution 24.

The projected power needs of the United States is to be met by building inexpensive but inefficient coal plants or by building expensive but efficient IGCC plants. The price of coal that will enable the IGCC plants to recover their cost difference from fuel savings in 5 years is to be determined. 

[image: image18.bmp]Assumptions 1 Power is generated continuously by either plant at full capacity. 2 The time value of money (interest, inflation, etc.) is not considered. 
Properties The heating value of the coal is given to be 28(106 kJ/ton. 
Analysis For a power generation capacity of 150,000 MW, the construction costs of coal and IGCC plants and their difference are
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The amount of electricity produced by either plant in 5 years is 
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The amount of fuel needed to generate a specified amount of power can be determined from
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Then the amount of coal needed to generate this much electricity by each plant and their difference are
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For 
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 to pay for the construction cost difference of $30 billion, the price of coal should be 
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Therefore, the IGCC plant becomes attractive when the price of coal is above $49.4 per ton. 

Chapter 6, Solution 44.

An air conditioner with a known COP cools a house to desired temperature in 15 min. The power consumption of the air conditioner is to be determined.

Assumptions 1 The air conditioner operates steadily. 2 The house is well-sealed so that no air leaks in or out during cooling. 3 Air is an ideal gas with constant specific heats at room temperature.

Properties The constant volume specific heat of air is given to be cv = 0.72 kJ/kg.(C. 
Analysis Since the house is well-sealed (constant volume), the total amount of heat that needs to be removed from the house is
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This heat is removed in 15 minutes. Thus the average rate of heat removal from the house is
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Using the definition of the coefficient of performance, the power input to the air-conditioner is determined to be
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Chapter 6, Solution 53.

A decision is to be made between a cheaper but inefficient air-conditioner and an expensive but efficient air-conditioner for a building. The better buy is to be determined.

Assumptions The two air conditioners are comparable in all aspects other than the initial cost and the efficiency.

Analysis The unit that will cost less during its lifetime is a better buy. The total cost of a system during its lifetime (the initial, operation, maintenance, etc.) can be determined by performing a life cycle cost analysis. A simpler alternative is to determine the simple payback period. The energy and cost savings of the more efficient air conditioner in this case is
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The installation cost difference between the two air-conditioners is


Cost difference = Cost of B – cost of A = 7000 – 5500 = $1500

Therefore, the more efficient air-conditioner B will pay for the $1500 cost differential in this case in about 1 year. 

Discussion A cost conscious consumer will have no difficulty in deciding that the more expensive but more efficient air-conditioner B is clearly the better buy in this case since air conditioners last at least 15 years. But the decision would not be so easy if the unit cost of electricity at that location was much less than $0.10/kWh, or if the annual air-conditioning load of the house was much less than 120,000 kWh.
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