
Mollier or Enthalpy-Entropy (h-s) diagram
This diagram has a series of 

• constant temperature lines, 
• constant pressure lines, 
• constant quality lines, and 
• constant volume lines. 

The Mollier diagram is used 
only when quality is greater 
than 50% and for superheated 
steam. 

 For any state, at least two 
properties should be known to 
determine the other unknown 
properties of steam at that 
state.







Find the specific volume, enthalpy and internal energy of wet steam at 18 bar with 
dryness fraction (x) = 0.85, by using Steam Tables and Mollier chart.













A Simple Vapor Power Plant



The Rankine Cycle - Components























Reheating
• The optimal way of increasing the boiler pressure without increasing the 

moisture content in the exiting vapor is to reheat the vapor after it exits from a 
first-stage turbine and redirect this reheated vapor into a second turbine.
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Reheat Rankine Cycle

• Reheating allows one to increase the boiler pressure without 
increasing the moisture content in the vapor exiting from the 
turbine.

• By reheating, the average temperature of the vapor entering the 
turbine is increased, thus, it increases the thermal efficiency of 
the cycle.

• Multistage reheating is possible but not practical.  One major 
reason is because the vapor exiting will be superheated vapor at 
higher temperature, thus, decrease the thermal efficiency.  Why?

• Energy analysis: Heat transfer and work output both change 
qin = qprimary + qreheat = (h3-h2) + (h5-h4)
Wout = Wturbine1 + Wturbine2 = (h3-h4) + (h5-h6) 









Regeneration

• From 2-2’,  the average temperature is very low, therefore, the heat addition 
process is at a lower temperature and therefore, the thermal efficiency is lower.  
Why?

• Use  a regenerator to heat the liquid (feedwater) leaving the pump before 
sending it to the boiler. This increases the average temperature  during heat 
addition in the boiler, hence it increases efficiency. 
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Regenerative Cycle

• Improve efficiency by increasing feedwater temperature before it enters 
the boiler.

• Two Options:
• Open feedwater : Mix steam with the feedwater in a mixing chamber.
• Closed feedwater: No mixing.
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Regenerative Cycle - Analysis

• Assume y percent of steam is extracted from the turbine and is directed 
into open feedwater heater.

• Energy analysis:
qin = h5-h4, qout = (1-y)(h7-h1),
Wturbine, out = (h5-h6) + (1-y)(h6-h7)
Wpump, in = (1-y)Wpump1 + Wpump2

= (1-y)(h2-h1) + (h4-h3)
= (1-y)v1(P2-P1) + v3(P4-P3)

• In general, more feedwater heaters result in higher cycle efficiencies.
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