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Unit Seven Homework Problems, October 26, 2010
1
A 600 MW steam power plant, which is cooled by a nearby river, has a thermal efficiency of 40%.  Determine the rate of heat transfer to the river water.  Will the actual heat transfer rate be higher or lower than this value? Why?
2
An automobile engine consumes fuel at a rate of 28 L/h and delivers 60 kW of power to the wheels.  If the fuel has a heating value of 44,000 kJ/kg and a density of 0.8 g/cm3, determine the efficiency of the engine.

3
A household refrigerator with a COP of 1.2 removes heat from the refrigerated space at a rate of 60 kJ/min.  Determine (a) the electric power consumed by the refrigerator and (b) the rate of heat transfer to the kitchen air.

4
A heat pump is used to maintain a house at a constant temperature of 23oC.  The house is losing heat to the outside air through the walls and windows at a rate of 60,000 kJ/h while the energy generated within the house from people, lights and appliances amounts to 4,000 kJ/h.  For a COP of 2.5, determine the required power input to the heat pump.

5
A heat engine is operating on a Carnot cycle and has a thermal efficiency of 55%.  The waste heat from this engine is rejected to a nearby lake at 60oF at a rate of 800 Btu/min.  Determine (a) the power output of the engine and (b) the temperature of the heat source.

6
A homeowner is trying to decide between a high-efficiency natural gas furnace with an efficiency of 97% and a ground-source heat pump with a COP of 3.5.  The unit costs of electricity and natural gas are $0.092/kWh and $1.42/therm (1 therm = 105,500 kJ).  Determine which system will have a lower energy cost.
7
Water, initially at a temperature of 500oC and a pressure of 1 MPa is cooled at constant pressure to a mixture of liquid and vapor with a quality of 70%.  What is the entropy change.

8
The inlet to an R-134a compressor is a saturated vapor at 15 psia.  The outlet of the compressor has a pressure of 300 psia.  The entropy of the outlet state is the same as that of the inlet.  What is the enthalpy change between the inlet and outlet states?

9
Conventional coal fired power plants cost $1,300 per kW to construct and have an efficiency of 34%.  Advanced plants use the clean burning Integrated Coal Gasification Combined Cycle (IGCC) plants where the coal is subjected to heat and pressure to gasify it while removing sulfur and particulate matter from it.  The gaseous coal is then burned in a gas turbine, and part of the waste heat form the exhaust gases is recovered to generate steam for the steam turbine.  Currently the construction of IGCC plants costs about $1,500 per kW, but their efficiency is about 45%.  The average heating value of coal is about 28,000,000 kJ per ton (that is, 28,000,000 kJ of heat is released when one ton of coal is burned.)  If the IGCC plant is to recover its cost difference from fuel savings in five years, determine what the cost of coal should be in $ per ton.
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