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Directions:  Work all six problems.  Problems are 
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Problem 1 
Consider a heat exchanger that heats oil in the Alaskan pipeline in order to decrease its viscosity 
and make it easier to flow. The heat exchanger operates under the following conditions: 

 
Oil enters with a flow rate of 200 kg/s at 250 K and exits at 350 K.  Its pressure is 150 kPa. 
Steam is available at 50 kg/s and leaves as saturated liquid at 500 kPa. 
Determine: 
 
 a. The required inlet conditions for the steam (75%). 
 b. The irreversibility of the heat exchanger (25%). 
 
Problem 2 
Air is contained in a piston/cylinder system at 1400 K, 2000 kPa, and a volume of 0.03 m3.  It is 
allowed to polytropically expand to a volume of 0.21 m3.  The polytropic exponent is 1.9063, 
that is 
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Can this process occur?  The surroundings may be taken to be at 290 K. 
 
Problem 3 
It is desired to provide air for space heating at 22°C and 60% relative humidity with a flow rate 
of 2500 cfm.  Air is available at 10°C and 10% relative humidity.  To achieve the desired air 
conditioning it is proposed to heat the air with heating coils followed by a water spray at 15°C 
(evaporative cooler) to obtain the desired exit relative humidity.  Determine the heating 
requirements, the air conditions after the heater, and the mass of liquid water required in the 
evaporative cooler. 
 
Problem 4 
On a warm spring day a student turns on a 50 W fan in his 8ft x 12ft x 12ft dormitory room 
before leaving to take an exam, hoping that the room will be cooler upon his return. Assuming 
that all the doors and windows are tightly sealed and that there is no heat transfer through the 
walls and windows, determine the temperature in the room when the student comes back 3 hours 
later. Use specific heat values at room temperature and assume the room to be at 100 kPa and 80 
°F when the student leaves the room. 
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Problem 5 
A heat pump is under consideration for heating a new research station located in Antarctica. The 
heat pump will be required to supply heat energy to the station at a rate of 500,000 kJ/h when the 
interior of the station is maintained at 20 °C.  Determine the minimum power required by the 
heat pump in kW in each of two cases: The role of the cold reservoir is played by: 

a. The atmosphere at -20 °C 
b. Ocean water at 5 °C 

 
Problem 6 
A 500cc (0.5 liter) gasoline engine operates on the Otto cycle with a compression ratio of 10. At 
the beginning of the compression process the air is at 95 kPa and 20 °C. The temperature at the 
end of the isentropic expansion process is 775 K. Using specific heat values at room temperature 
determine: 

a. The highest pressure and temperature that occur in the cycle. 
b. The amount of heat transferred in 
c. The new work output 
d. The thermal efficiency 
e.The mean effective pressure (MEP) 

 


