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Example: 1 Examine the effect of adding a 
regenerative heat exchanger in the form of an Open 
Feedwater Heater, as shown below. We will find 
that this system does result in an increase in thermal 
efficiency by preheating the water before it enters the 
boiler, however at the expense of a reduced power 
output. In the schematic diagram we notice that many 
of the state and enthalpy values (indicated in red). 
The mass fraction of the steam bled at the outlet of 
the HP turbine (2) as well as the state and enthalpy 
values at stations (6) through (9) will be evaluated 
below. 
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For this example we have chosen the mixture 
pressure of the open feedwater heater as 200kPa. 
Notice that a portion of the steam is bled off the 
outlet of the HP turbine at a pressure of 1MPa, 
passed through a throttling valve reducing its 
pressure to 200kPa, and then mixed with the 
compressed liquid (also at 200kPa), ultimately 
resulting in saturated liquid at station (8). We first 
need to determine the mass flow fraction y of the 
bled steam required to bring the output of the open 
feedwater heater (8) to a saturated liquid state. 
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Example: 2 Examine the effect of adding a 
regenerative heat exchanger in the form of a Closed 
Feedwater Heater, as shown below. We have not 
included an open feedwater heater even though we 
learned in the previous example that it is a necessary 
component of a high pressure steam cycle, since we 
are using this example to develop the techniques for 
analyzing closed feedwater heaters. The various 
state values shown on the schematic (in red) have 
been evaluated in previous sections. 
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From the schematic diagram we see that a portion of 
the steam is bled off from the output of the HP turbine 
at state (2), and then used to heat the high pressure 
liquid, ultimately condensing to a subcooled liquid at 
state (8). A finite temperature difference is a necessary 
condition for heat transfer to occur, and from the 
temperature distribution plot shown above we see that 
the closed feedwater heater behaves as a counterflow 
heat exhanger, in which the compressed liquid water 
entering at state (6) is heated to the saturation 
temperature of the bled steam (Tsat@1MPa = 180°C). In 
typical closed feedwater heaters (such as those used at the 
Gavin Power Plant) there are three distinct zones of heat 
transfer as shown in the simplified schematic diagram below: 
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The bled steam first enters the desuperheating zone 
enclosure and is cooled while raising the temperature of the 
feedwater leaving the heater to a level approaching or equal to 
the steam saturation temperature. The condensing zone is the 
largest heat transfer region within the heater shell. The major 
portion of heat transfer takes place here as the steam 
condenses and gives up its latent heat. The subcooling zone, 
which is enclosed in a separate shrouded area within the shell, 
further cools the condensed steam while heating the incoming 
feedwater. The following photograph shows one of the seven 
sets of closed feedwater heaters used in the Gavin Power Plant 
Typically we find that the subcooled liquid is reduced to 
within around 4°C to 6°C above the incoming feedwater 
temperature. 
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example the Gavin Power Plant has one 
open- and 7 closed-feedwater heaters in each 
of the two sections of the plant (refer to the 
Case Study at the end of this section). In the 
following example we have chosen one open 
and one closed feedwater heaters in order to 
illustrate the method of analysis, however the 
same approach will apply to any combination 
of feedwater heaters. 

https://www.ohio.edu/mechanical/thermo/Gavin.jpg
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