
Problem #1 
 

 
Consider a pressure-cooker (pot to cook food at elevated pressure) with a pressure 

relief valve, which prevents the pressure within the cooker from exceeding 175 kPa, as 
shown above.  It initially contains 1 kg of water and has a volume of 0.006 m3.  Heat is 
supplied to the cooker at a rate of 500 W for 30 minutes after the operating pressure of 
175 kPa is reached. 

i. Find the temperature at which cooking takes place, assuming there is 
always some liquid in the cooker. 
 

ii. Find the mass of water left in the cooker at the end of the process 
assuming no water escapes prior to the time at which the operating 
pressure is reached. 

 
Note: Use the table following this problem. 
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Problem #2 
 
A nuclear power plant uses a combined power cycle, as shown in the figure 

below.  Helium is used as the working fluid for the closed gas turbine. The exhaust is 
used to power the vapor power cycle with water as the working fluid. Helium gas enters 
the compressor at 1 350 KT   and 1 120 kPaP   and exits at 2 958 KT   and 

2 1200 kPaP  . The inlet and outlet temperatures of the gas turbine are 1560 K and 743 

K, respectively. The net power output from the gas cycle is , 20 MWg netW  . The 

isentropic efficiencies of both the gas turbine and the compressor are 87%. For helium 
gas, 5.19 kJ/kg Kpc   . 

 
For the vapor cycle, steam enters the turbine at 8 MPa and 400 ºC, and leaves the 

turbine at a pressure of 6 kPa. After the condenser, saturated liquid enters the pump. Both 
the turbine and the pump may be assumed adiabatic and reversible. 
 

(1) Draw h – s diagram for the gas power cycle and use it to find (1a) the gas flow 
rate and (1b) the thermal efficiency of the gas cycle? 

 
(2) Determine (2a) the mass flow rate of the steam, (2b) the required pump power, 

and (2c) the temperature at the pump exit 8T . 

 
(3) Determine (3a) the output power of the steam turbine and (3b) the overall thermal 

efficiency of the combined cycle.  
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Problem #3 

Helium gas flows steadily through an insulated nozzle, entering at 500 K, 4 bar, 3 m/s 
and exiting at 400 K, 2 bar.  Find the exit velocity, the isentropic efficiency of the nozzle, 
and the specific rate of entropy production in the nozzle.  Assume helium is an ideal gas 
with constant specific heats, a molecular weight of 4 kg/kmol, and a ratio of specific 
heats of 5/3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


