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ME 201
Thermodynamics

Second Law Practice Problems

1. Ideally, which fluid can do more work: air at 600 psia and 600°F or steam at 600
psia and 600°F

2. A heat pump provides 30,000 Btu/hr to maintain a dwelling at 68°F on a day when
the outside temperature is 35°F.  The power input to the pump is 1 hp.  If
electricity costs 8 cents per kilowatt-hour, compare the actual operating cost per
day with the minimum theoretical operating cost per day.

3. A cylinder/piston system contains water at 200 kPa, 200°C with a volume of 20
liters.  The piston is moved slowly, compressing the water to a pressure of 800
kPa.  The process is polytropic with a polytropic exponent of 1.  Assuming that the
room temperature is 20°C, show that this process does not violate the second law.

4. When a  man returns to his well-sealed house on a 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 15 minutes.  If the COP of the heat pump system is 2.5, determine the
power drawn by the heat pump.  Assume the entire mass within the house is
equivalent to 800 kg of air.

5. An innovative way of power generation involves the utilization of geothermal
energy, the energy of hot water that exists naturally underground (hot springs), 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 plant built at that location can have.  If the power output of the plant
is to be 5 MW, what is the minimum mass flow rate of hot water needed?

6. Air enters an adiabatic non-ideal nozzle at 9 m/s, 300 K, and 120 kPa and exits at
100 m/s and 100 kPa.  Determine the irreversibility and the reversible work on a
per mass basis.

7. Determine if a tray of ice cubes could remain frozen when placed in a food freezer
having a COP of 9, operating in a room where the temperature is 32°C.
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8. Air is compressed in a closed system from a state where the pressure is 100 kPa
and the temperature is 27°C to a final state at 500 kPa and 177°C.  Can this
process occur adiabatically?  If yes, determine the work per mass.  If no, determine
the direction of the heat transfer.

9. The pressure of water is increased by the use of a pump from 14 to 40 psia.  A rise
in the water temperature from 60°F to 60.2°F is observed.  Determine the
irreversibility, the second law efficiency, and the isentropic efficiency of the
pump.

10. Carbon dioxide undergoes an isothermal reversible process from 250 kPa and
300°C to 500 kPa.  Determine the heat transfer per mass by using the first law and
evaluating the boundary work from  Pdv∫ .  Compare this to the heat transfer per
mass calculated from the entropy change and the second law.


