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THERMAL SYSTEMS & POWER PLANT ENGINEERING

1.1 THERMAL SYSTEMS

                 Introduction: - Energy is an important input in all the sectors of any 

country’s economy. The standard of living of a given country can be directly related to 

per capita energy consumption. Energy crisis is due to two reasons: firstly, that the 

population of the world has increased rapidly and secondly the standard of living of 

human beings has improved. In this modern world, the dependence on electricity is so 

much that it has become a part and parcel of our life. The ever-increasing use of electric 

power for domestic, commercial and industrial purpose necessitates providing bulk 

electric power economically. This is achieved with the help of suitable power producing 

units, known as power plants or electric power generating stations. The design of a 

power plant should incorporate two important aspects. Firstly, the selection and placing 

of necessary power generating equipment should be such that a maximum of return is 

obtained from a minimum of expenditure over the working life of the plant. Secondly, 

the operation of the plant should be such as to provide cheap, reliable and continuous 

service. In India, there is still a large scope of development of industry and hence large 

scope of increase of electric power too. Thermal electric power generation is one of the 

major methods. The design of steam power station requires wide experience as the 

subsequent operation and maintenance are greatly affected by its design.
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 The satisfactory design consists of the following steps:-

(i) Selection of the site, (ii) Capacity of the power station, (iii) Selection of boilers and 

its auxiliaries,  (iv) Selection of turbine,  (v) Selection of condensing units,  (vi) Design 

of cooling system,

1.2   CONCEPT OF HEAT AND WORK

            The fundamental forms of energy with which thermal power stations are mainly 

concerned are heat and work. Heat produces work and then work is further converted 

into electrical energy through some form or energy conversion cycle.

            The term heat and work designates two fundamental forms of energy flow. Heat 

flow involves a quantity aspect and the temperature available. A heat cycle receives a 

heat flow at a given temperature pattern, to convert part to work and discard the 

remainder to the receiver. A cycle which uses heat in an ideal or reversible manner to 

produce work from the available energy, is called an ideal cycle.

The First Law and the Closed System:-The open system is one in which mass crosses 

the boundaries. A closed system is one in which only energy and not mass crosses the 

boundaries. A third system of some interest is the isolated system, a special instance of 

the closed system. It is one in which neither mass nor energy crosses the boundaries but 

energy transformations may take place within the boundaries. Because mass does not 

cross the boundaries in a closed system, the potential, kinetic, and flow energy terms 

drop out in the first law equation.
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The Cycle: - In order to convert forms of energy, particularly heat is to work on an 

extended or continuous basis, one needs to operate on a cycle. The process begins at one 

state of the working fluid and ends at another. A cycle, on the other hand, is a series of 

processes that begins and ends at the same state and thus can repeat indefinitely, or as 

long as needed. An example is the ideal diesel cycle, shown as the P-T and T-s in 

Fig.1.1 It is composed of an ideal and adiabatic compression process 1-2, a constant-

pressure heat addition process 2-3, an ideal and adiabatic expansion process 3-4 and a 

constant volume heat rejection process 4-1 which returns the cycle back to 1. Because 

the beginning and the end of the cycle is 1, thermodynamic cycle is a closed loop 

system where   and first law for this and all other cycles becomes∆𝑈 = 𝑈1 - 𝑈1 = 0

The Second Law of Thermodynamics: - The first law of thermodynamics was one of 

conservation of energy, declaring that all forms of energy are convertible to another, the 

second law puts a limitation on the conservation of same forms of energy to others. 

Second law does not negate the equivalence of conversion of these two, only the extent. 

Work is a more valuable commodity. It can be completely and continuously converted 

to heat. The opposite is not true. Heat cannot be completely and continuously converted 

to work. The portion of heat that cannot thus be converted to work, called unavailable 

energy, has to be rejected as low grade heat after the work has been done. Thus, while 

energy is conserved, availability is not. 

POWER PLANT ENGINEERING

1.3  POWER PLANT CYCLES :- A thermal power station works on the principle that 

heat is released by burning fuel which produces (working fluid) (steam) from water. The 

steam so produced runs the turbine coupled to generator which produces electrical 

energy. A working fluid goes through a repetitive cycle change and this cyclic change 

involving heat and work is known as thermodynamic cycle. Thus, a thermodynamic 

cycle is a series of operations, involving a heat source, a heat receiver, a machine and 

working substance.

Types of Power Plant Cycles:- 

 1. Thermal power plants, in general, may work on

     (a) Vapour power cycles (b) Gas power cycles
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2. Vapour Power cycles can be classified as:

      (i) Rankine cycle  (ii) Reheat cycle (iii) Regenerative cycle (iv) Binary vapour cycle

3. Gas Power Cycle can be classified as follows:

 (i) Otto cycle (ii) Diesel cycle (iii) Dual combustion cycle (iv) Gas turbine cycle

Rankine Cycle: - Rankine cycle is the theoretical cycle on which steam power plant 

works. Rankine cycle is a vapour-liquid cycle, it is most convenient to draw it on both 

the P-V and T-s diagrams with respect to the saturated-liquid and vapour lines of the 

working fluid, which usually but not alway, is H2O.Figure 1.2 shows a simplified flow 

diagram of a Rankine cycle.

 1. Operation (k-l): Condensed steam is at pressure p2 and temperature T2 which is 
pumped into the boiler by means of feed     pump at pressure p1 and 
there it is called temperature T1. 

  2. Operation (l-m): The hot water at a saturation temperature T1 is evaporated to steam 
at pressure p1. 

3. Operation (m-n): After coming out of the boiler, the steam enters the turbine and        
expands adiabatically to a pressure p2. 
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4. Operation (n-k): The steam expands and condenses to water in the condenser at the 

same temperature and is pressure at point k. Thus, the cycle is 

completed.

      U This condensed water is again pumped to the boiler and then the next cycle starts 

Figure 1.3 5-1 shows the formation of steam in the boiler. The steam at state point 1 

(i.e., pressure p1 and temperature T1) enters the turbine an expands isentropic ally to a 

certain pressure p2 and temperature T2. From this state point 2 the whole of steam is 

drawn out of the turbine and is reheated in a reheater to a temperature T3. This reheated 

steam is then readmitted to the turbine where it is expanded to condenser pressure 

isentropic ally. Reheat allows heat addition twice. It results in increasing the average 

temperature at which heat is added and keeps the boiler hot, which results in 

improvement in cycle efficiency. Reheating also results in drier steam at turbine exhaust 

which is beneficial for real cycles. 
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Advantages of Reheating 

1. There is an increased output of the turbine. 2. The thermal efficiency of the turbines 
increases.3. Efficiencies of nozzle and blade increase.  4. Corrosion problems are 
minimised in steam turbines. 5. Dryness factor of steam improved.

Disadvantages of Reheating 

1. Reheating requires maintenance.
  2. Reheating increases the expenditure.

2.5 REGENERATIVE CYCLE: -
                 In the Rankine cycle it is observed that the condensate which is fairly at low 

temperature has an irreversible mixing with hot boiler water and these results in the 

decrease of cycle efficiency. Methods are, therefore, adopted to heat the feed water from 

the hot well of condenser irreversibly by interchange of heat within the system and thus 

improving the cycle efficiency. This heating method is called regenerative feed heat and 

the cycle is called regenerative cycle.

          The principle of generation can be practically utilized by extracting steam from 

the turbine at several locations and supplying it to the regenerative heaters. The resulting 

cycle is known as regenerative or bleeding cycle. The heating arrangement comprises; 

(i) for medium capacity turbine — not more than 3 heaters; (ii) for high pressure high 

capacity turbines — not more than 5 to 7 heaters; and (iii) for turbines of supercritical 

parameters—8 to 9 heaters. The most advantageous condensate heating temperature is 

selected depending on the turbine throttle conditions and this determines the number of 

heaters to be used. 
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           Figure 1.4 shows a diagrammatic layout of a condensing steam power plant in 

which a surface condenser is used to condense all the steam that is not extracted by feed 

water heating. The turbine is double extracting and the boiler is equipped with a 

superheater. This arrangement constitutes a regenerative cycle   surface condenser is 

used to condense all the steam that is not extracted by feed water heating. The turbine is 

double extracting and the boiler is equipped with a superheater. This arrangement 

constitutes a regenerative cycle.

2.7 THERMAL STATION 
                               A generating station which converts heat energy of coal combustion 

into electrical energy is known as a steam power station. 

              A thermal power station basically works on the Rankine cycle. Steam is 

produced in the boiler by utilizing the heat of coal combustion. The steam is then 

expanded in the prime mover (i.e. steam turbine) and is condensed in a condenser to be 

fed into the boiler again. The steam turbine drives the alternator which converts 

mechanical energy of the turbine into electrical energy. This type of power station is 

suitable where coal and water are available in abundance and a large amount of electric 

power is to be generated.

             The schematic line diagram of a modern steam power station is shown in Fig. 

1.4. The whole arrangement can be divided into the following stages for the sake of 

simplicity: 

(i) Coal and Dust Handling Arrangement 

 (ii) Steam Generating Plant 

 (iii) Steam Turbine 

 (iv) Alternator Generator  

(v) Feed Water  

(vi) Cooling Arrangement

Air Preheater : An air preheater increases the temperature of the air supplied for coal 

burning by deriving heat from flue gases. Air is drawn from the atmosphere by a forced 

draught fan and is passed through air preheater before supplying to the boiler furnace. 
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The air preheater extracts heat from flue gases and increases the temperature of air used 

for coal combustion. The principal benefits of preheating the air are : increased thermal 

efficiency and increased steam capacity per square metre of boiler surface. 

Steam Turbine: The dry and superheated steam from the superheater is fed to the steam 

turbine through main valve. The heat energy of steam when passing over the blades of 

turbine is converted into mechanical energy. After giving heat energy to the turbine, the 

steam is exhausted to the condenser which condenses the exhausted steam by means of 

cold water circulation. 

Alternator: The steam turbine is coupled to an alternator. The alternator converts me-

chanical energy of turbine into electrical energy. The electrical output from the 

alternator is delivered to the bus bars through transformer, circuit breakers and isolators.

 

Feed Water: The condensate from the condenser is used as feed water to the boiler. 

Some water may be lost in the cycle which is suitably made up from external source. 

The feed water on its way to the boiler is heated by water heaters and economiser. This 

helps in raising the overall efficiency of the plant. 

Cooling Arrangement: To improve the efficiency of the plant, the steam exhausted 

from the turbine is condensed by means of a condenser. Water is drawn from a natural 

source of supply such as a river, canal or lake and is circulated through the condenser. 

The circulating water takes up the heat of the exhausted steam and itself becomes hot. 

This hot water coming out from the condenser is discharged at a suitable location down 

the river. In case the availability of water from the source of supply is not assured 

throughout the year, cooling towers are used. During the scarcity of water in the river, 

hot water from the condenser is passed on to the cooling towers where it is cooled. The 

cold water from the cooling tower is reused in the condenser. 
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2.8 EFFICIENCY OF STEAM POWER STATION 

The overall efficiency of a steam power station is quite low (about 29%) mainly due to 

two reasons : (a) a huge amount of heat is lost in the condenser and (b) heat losses occur 

at various stages of the plant. The heat lost in the condenser cannot be avoided. It is 

because heat energy cannot be converted into mechanical energy without temperature 

difference. The greater the temperature difference, the greater is the heat energy 

converted into mechanical energy. 

Thermal Efficiency: The ratio of heat equivalent of mechanical energy transmitted to 

the turbine shaft to the heat of combustion of coal is known as thermal efficiency of 

steam power station.
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2.10 CAPACITY OF POWER PLANTS 

             The installed capacity of the power plants can be determined by studying the 

load duration curve and the anticipated future demands. As a minimum requirement, the 

plant capacity must be equal to at least the peak load. Capacity of power plant can be 

determined by : 

1. The present demand of power by the industry and other utilizing or generations.

 2. The future demand and prospects of developments of industry in the next 10 to 15          

years, which can approximately be obtained by projecting the increase in load demand 

in the past 10 years or so. 

 3. Availability of water supply. 

    1. The present demand of power by the industry and other utilising organisations. 

4. Possibility of interconnection of power stations to the existing systems. Capacities of 

turbine and generator are related as: 

Turbine, kW = Generator Kw \ Generator efficiency

Generator size should be larger, because larger units have 

(a) Lower cost per unit capacity; 

(b) Higher efficiency; 

(c) Lower space requirement for unit capacity. 

Hence, larger size compensable with load curve should be chosen.
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Assignment Questions 

1. Define the first law of thermodynamics and open system. 

2. Describe the second law of thermodynamics and its applicablility to the steam power 

plants. 

3. Discuss the various operations of Rankine-cycle. 

4. Explain a regenerative cycle with diagram. 

5. Give the advantages and disadvantages of regenerative cycle over Rankine cycle. 

6. Explain the working of binary vapour cycle. 

7. How are steam power plants classified? 

8. Give the layout of a modern steam power plant and explain it briefly. 

9. What are the essential requirements of steam power station design?
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