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THE IDEAL REGENERATIVE RANKINE CYCLE 

Heat is transferred to the working fluid during 
process 2-2 at a relatively low temperature. 
This lowers the average heat-addition 
temperature and thus the cycle efficiency. 

In steam power plants, steam is extracted 
from the turbine at various points. This steam, 
which could have produced more work by 
expanding further in the turbine, is used to 
heat the feedwater instead. The device where 
the feedwater is heated by regeneration is 
called a regenerator, or a feedwater heater 
(FWH). 

A feedwater heater is basically a heat 
exchanger where heat is transferred from the 
steam to the feedwater either by mixing the 
two fluid streams (open feedwater heaters) 
or without mixing them (closed feedwater 
heaters). 
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Open Feedwater Heaters 
An open (or direct-contact) feedwater 
heater is basically a mixing chamber, where 
the steam extracted from the turbine mixes 
with the feedwater exiting the pump. 
Ideally, the mixture leaves the heater as a 
saturated liquid at the heater pressure. 

The ideal regenerative 
Rankine cycle with an open 

feedwater heater. 
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Closed Feedwater Heaters 

Another type of feedwater heater frequently used in steam power plants is 
the closed feedwater heater, in which heat is transferred from the extracted 
steam to the feedwater without any mixing taking place. The two streams now can 
be at different pressures, since they do not mix. 
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The closed feedwater heaters are more complex because of the 
internal tubing network, and thus they are more expensive. Heat 
transfer in closed feedwater heaters is less effective since the two 
streams are not allowed to be in direct contact. However, closed 
feedwater heaters do not require a separate pump for each heater 
since the extracted steam and the feedwater can be at different 
pressures.  

Open feedwater heaters 
are simple and 
inexpensive and have 
good heat transfer 
characteristics. For each 
heater, however, a pump 
is required to handle the 
feedwater. 
 
Most steam power 
plants use a 
combination of open 
and closed feedwater 
heaters. 



 



 



 



 



 


