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Michigan State University 
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Thermodynamics 
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Instructions: 

 Six questions. 

 Open book. Open notes. 

 All problems carry equal weight. 

 Solve five of the six questions. 
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1.  A perfectly insulated piston-cylinder device contains 0.01 m
3
 H2 at 300K and 600 

kPa. It is stirred at constant pressure until the temperature reaches 400K. Determine the 

stirrer work and the boundary work for the process.  

 

 

2.  Consider a simple Rankine cycle with steam entering the turbine at 30 bars and 

400 ºC that is expanded through the turbine to 0.5 bars. The pump has an efficiency of 

0.75 and the turbine efficiency is 0.90. Determine: 

(a) The thermal efficiency 

(b) The quality of the steam at the turbine exit. 

 

 

3.  Air at 150 KPa and 310 K enters a compressor of inlet diameter 2 cm. The 

compressor raises the pressure to 3.5 times the inlet pressure and has an outlet diameter 

of 5 cm. Determine the exit temperature and power input required, if the mass flow rate 

of air is 100 kg/hr. 

 

 

4.  A saturated air-water vapor mixture at 20C and 100 kPa is contained in a closed 

5 m
3
 tank in equilibrium with 1 kg of water. The tank is then heated to 80C. Is there any 

liquid water in the tank? 

 

 

5.  A spark ignites a mixture of methane gas (CH4) and air (O2 + 3.76N2) according 

to the stoichiometric reaction CH4 + 2(O2 + 3.76N2)  CO2 + 2H2O + 7.52N2. For a 

volume V of gas with radius ½ mm and initially at 300K ( = 1.19 kg/m
3
) calculate: 

(a) The flame temperature. 

(b) The heat released to the gas in the volume V. Use hC = 48,000 kJ/kgCH4 as the 

overall reaction heat release. Note that hC is per kg of the fuel. 

(c) The heating rate, given that the heat release occurs in 10
-2

 sec. 
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6. Steam at 6 MPa and superheated (400ºC) enters a turbine. It exists at 1 MPa and 

then enters a reheater which raises its temperature. Following the reheater the steam 

passes through a second turbine which has an exit pressure of 100 kPa. If the quality at 

the exit of the second turbine must be above 95%, determine the temperature required at 

the exit of the reheater. What is the work output of the device?  


