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Production of Power from Heat 

In a conventional power plant the molecular energy of fuel is released by a 

combustion process. The function of the work-producing device is to convert 

part of the heat of combustion into mechanical energy. In a nuclear power plant 

the fission process releases energy of the nucleus of the atom as heat, which is 

then partially converted into work. Thus, the thermodynamic analysis of heat 

engines, as presented in this chapter, applies equally well to conventional 

(fossil-fuel) and nuclear power plants. 

The steam power plant is a large-scale heat engine in which the working fluid 

(H2O) is in steady-state flow successively through a pump, a boiler, a turbine, 

and a condenser in a cyclic process. The working fluid is separated from the 

heat source, and heat is transferred across a physical boundary. In a fossil-fuel-

fired plant the combustion gases are separated from the steam by boiler-tube 

walls. 

THE STEAM POWER PLANT 

The Carnot-engine cycle operates reversibly and consists of two isothermal 

steps connected by two adiabatic steps. In the isothermal step at higher 

temperature TH, heat |QH | is absorbed by the working fluid of the engine, and in 

the isothermal step at lower temperature Tc, heat |QC | is discarded by the fluid. 

The work produced is |W |= |QH | - |QC | , and the thermal efficiency of the 

Carnot engine is: 

𝛈 =
|𝑾|

|𝑸𝑯|
= 𝟏 −

𝑻𝑪
𝑻𝑯
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Figure above shows a simple steady-state steady-flow process in which steam 

generated in a boiler is expanded in an adiabatic turbine to produce work. The 

discharge stream from the turbine passes to a condenser from which it is 

pumped adiabatically back to the boiler. The power produced by the turbine is 

much greater than the pump requirement, and the net power output is equal to 

the difference between the rate of heat input in the boiler | QH | and the rate of 

heat rejection in the condenser | QC |. 

Carnot cycle 

The processes that occur as the working fluid flows around the cycle of Fig. 

above are represented by lines on the TS diagram of Fig. below. The sequence 

of lines shown conforms to a Carnot cycle. Step 1 - 2 is the vaporization process 

taking place in the boiler, wherein saturated liquid water absorbs heat at the 

constant temperature TH, and produces saturated vapor. Step 2 - 3 is a 

reversible, adiabatic expansion of saturated vapor into the two-phase region to 

produce a mixture of saturated liquid and vapor at TC. This isentropic expansion 
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is represented by a vertical line. Step 3 - 4 is a partial condensation process 

wherein heat is rejected at TC. Step 4 - 1 takes the cycle back to its origin, 

producing saturated-liquid water at point 1. It is an isentropic compression 

process represented by a vertical line. 

 

The Rankine Cycle 

The thermal efficiency of the Carnot cycle just described is given by Equation 

of the thermal efficiency of the Carnot engine. As a reversible cycle, it could 

serve as a standard of comparison for actual steam power plants. However, 

severe practical difficulties attend the operation of equipment intended to 

carry out steps 2 - 3 and 4 - 1. Turbines that take in saturated steam 

produce an exhaust with high liquid content, which causes severe erosion 

problems. Even more difficult is the design of a pump that takes in a 

mixture of liquid and vapor (point 4) and discharges a saturated liquid 

(point 1). 

For these reasons, an alternative model cycle is taken as the standard, at least for 

fossil-fuel-burning power plants. It is called the Rankine cycle, and differs from 
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the cycle of Fig. 8.2 in two major respects. First, the heating step 1 - 2 is carried 

well beyond vaporization, so as to produce a superheated vapor, and second, the 

cooling step 3 - 4 brings about complete condensation, yielding saturated liquid 

to be pumped to the boiler. The Rankine cycle therefore consists of the four 

steps shown by Fig. below, and described as follows: 

 

• 1 - 2 A constant-pressure heating process in a boiler. The step lies along 

an isobar (the pressure of the boiler), and consists of three sections: 

heating of subcooled liquid water to its saturation temperature, 

vaporization at constant temperature and pressure, and superheating of 

the vapor to a temperature well above its saturation temperature. 

• 2 - 3 Reversible, adiabatic (isentropic) expansion of vapor in a turbine to 

the pressure of the condenser. The step normally crosses the saturation 

curve, producing a wet exhaust. However, the superheating accomplished 

in step 1- 2 shifts the vertical line far enough to the right on Fig. 8.3 that 

the moisture content is not too large. 
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• 3 - 4 A constant-pressure, constant-temperature process in a condenser to 

produce saturated liquid at point 4. 

• 4 - 1 Reversible, adiabatic (isentropic) pumping of the saturated liquid to 

the pressure of the boiler, producing compressed (subcooled) liquid. The 

vertical line (whose length is exaggerated in Fig. 8.3) is very short, 

because the temperature rise associated with compression of a liquid is 

small. 

 

Practical power cycle 

Power plants can be built to operate on a cycle that departs from the Rankine 

cycle solely because of the irreversibilities of the work-producing and work-

requiring steps. Figure 8.4 illustrates the effects of these irreversibilities on 

steps 2 - 3 and 4 - 1. The lines are no longer vertical, but tend in the direction of 

increasing entropy. The turbine exhaust is normally still wet, but as long as the 

moisture content is less than about l0%, erosion problems are not serious. Slight 

subcooling of the condensate in the condenser may occur, but the effect is 

inconsequential. 
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The boiler serves to transfer heat from a burning fuel (or from a nuclear reactor) 

to the cycle, and the condenser transfers heat from the cycle to the surroundings. 

Neglecting kinetic and potential energy changes reduces the energy relations, 

Eqs. (2.31) and (2.32), 

 

 

 in either case to: 
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