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(Add a short summary of the concepts you are using to solve the problem) 
 
Problem T12 

Consider the following Rankine cycles. Steam at 20 bar, 360ºC is expanded in a steam 
turbine to 0.08 bar. It then enters a condenser, where it is condensed to saturated liquid 
water. The pump feeds back the water into the boiler. 

a) Assuming ideal processes, sketch the cycle in a T-s diagram and find the net 
work and the cycle efficiency per kg of steam. 

b) If the turbine and the pump each have 80% efficiency, find the percentage 
reduction in the net work and cycle efficiency. Sketch the non-ideal cycle in the 
same T-s diagram. 
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(Add a short summary of the concepts you are using to solve the problem) 
 
Problem T13 – T14 

One method of producing liquid nitrogen is to use the system shown below. Nitrogen 
gas at a pressure of 100 bar and a temperature of 300 K flows at a rate of 10 m3/min 
(measured at 1 bar) through the heat exchanger, thereby decreasing in temperature. As it 
flows through the Joule-Thomson valve, its pressure is reduced from 100 bar to 1 bar 
and in the process some liquid is formed. The gas which is not liquefied, but has a 
reduced temperature, flows out through the counter-flow heat exchanger. The 
temperature of this discharge stream is 297 K. Assume that the heat exchange is 
externally adiabatic. 
 

a) Sketch the process in a T-s diagram and label all states. 

b) Find the mass flow into the heat exchanger. 

c) Determine the heat transferred in the heat exchanger. 

d) Determine the rate at which liquid nitrogen is delivered by this system. 

e) Sketch the temperature difference in the heat exchanger versus the temperature 
of the low-pressure stream. Is the heat transfer process in the heat exchanger 
reversible? Why or why not? (No calculation is needed here, an explanation in a 
few sentences is expected) 
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Thermodynamic Properties of Nitrogen 
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Signals and Systems 1: 

Please do problems 1.21, 1.22, 1.25, and 1.26 from Oppenheim and Willsky. 


