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The Regenerative Cycle 

The thermal efficiency of a steam power cycle is increased when the pressure and hence the 

vaporization temperature in the boiler is raised. It is also increased by increased superheating in 

the boiler. Thus, high boiler pressures and temperatures favour high efficiencies. 

Thus, in practice power plants seldom operate at pressures much above 10000 kPa (100 bar) or 

temperatures much above 873.15 K (600°C). The thermal efficiency of a power plant increases 

as the pressure and hence the temperature in the condenser is reduced. 

Most modern power plants operate on a modification of the Rankine cycle that incorporates 

feedwater heaters. Water from the condenser, rather than being pumped directly back to the 

boiler, is first heated by steam extracted from the turbine. This is normally done in several 

stages, with steam taken from the turbine at several intermediate states of expansion. An 

arrangement with four feedwater heaters is shown in Fig. 8.5. The operating conditions indicated 

on this figure and described in the following paragraphs are typical, and are the basis for the 

illustrative calculations of Ex. 8.2. 

 

 

 

 

 

 



Thermodynamic  Third class  Dr. Arkan J. Hadi 

 

2 
 

The feedwater pump, which operates under exactly the conditions of the pump in Ex. 7.10, 

causes a temperature rise of about 1 K (l
o
C), making the temperature of the feedwater entering 

the series of heaters equal to 3 19.15 K (46°C). 

The saturation temperature of steam at the boiler pressure of 8600 kPa is 573.21 K (300.06°C), 

and the temperature to which the feedwater can be raised in the heaters is certainly less. This 

temperature is a design variable, which is ultimately fixed by economic considerations. 

However, a value must be chosen before any thermodynamic calculations can be made. We have 

therefore arbitrarily specified a temperature of 499.15 K (226°C) for the feedwater stream 

entering the boiler. We have also specified that all four feedwater heaters accomplish the same 

temperature rise. Thus, the total temperature rise of 499.15 - 319.15 = 180 K is divided into four 

45 K (45°C) increments. This establishes all intermediate feedwater temperatures at the values 

shown on Fig. 8.5.  

The steam supplied to a given feedwater heater must be at a pressure high enough that its 

saturation temperature is above that of the feedwater stream leaving the heater. We have here 

presumed a minimum temperature difference for heat transfer of no less than 5 K (5°C), and 

have chosen extraction steam pressures such that the T
sat

 values shown in the feedwater heaters 

are at least 5 K (5°C) greater than the exit temperatures of the feedwater streams. The condensate 

from each feedwater heater is flashed through a throttle valve to the heater at the next lower 

pressure, and the collected condensate in the final heater of the series is flashed into the 

condenser. Thus, all condensate returns from the condenser to the boiler by way of the feedwater 

heaters. 

 

The purpose of heating the feedwater in this manner is to raise the average temperature at which 

heat is added in the boiler. This increases the thermal efficiency of the plant, which is said to 

operate on a regenerative cycle. 
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