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UNIT I INTRODUCTION TO POWER PLANTS AND BOILERS 

THERMAL POWER PLANT / STEAM POWER PLANT 

A steam power plant, also known as thermal power plant, is using steam as working fluid. 

Steam is produced in a boiler using coal as fuel and is used to drive the prime mover, namely, the 

steam turbine. In the steam turbine, heat energy is converted into mechanical energy which is used for 

generating electric power. Generator is an electro-magnetic device which makes the power available in 

the form of electrical energy. 

 

 

Figure Layout of steam power plant 

 

The layout of the steam power plant is shown in figure below. It consists of four main circuits. These 

are: 

1 Coal and ash circuit. 

2 Air and flue gas circuit 

3 Water and steam circuit and 

4 Cooling water circuit 
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1 Coal and ash circuit 

Coal from the storage yard is transferred to the boiler furnace by means of coal handling equipment 

like belt conveyor, bucket elevator, etc., ash resulting from the combustion of coal in the boiler furnace 

collects at the back of the boiler and is removed to the ash storage yard through the ash handling 

equipment. 

 

2 Air and flue gas circuit 

Air is taken from the atmosphere to the air preheater. Air is heated in the air preheater by the heat of 

flue gas which is passing to the chimney. The hot air is supplied to the furnace of the bolier. 

 

The flue gases after combustion in the furnace, pass around the boiler tubes. The flue gases then passes 

through a dust collector, economizer and pre-heater before being exhausted to the atmosphere through 

the chimney. By this method the heat of the flue gases which would have been wasted otherwise is 

used effectively. Thus the overall efficiency of the plant is improved. 

 

3 Feed water and steam circuit 

The steam generated in the boiler passes through super heater and is supplied to the steam turbine. 

Work is done by the expansion of steam in the turbine and the pressure of steam is reduced. The 

expanded steam then passes to the condenser, where it is condensed. 

 

The condensate leaving the condenser is first heated in a l.p. water heater by using the steam taken 

from the low pressure extraction point of the turbine. Again steam taken from the high pressure 

extraction point of the turbine is used for heating the feed water in the H.P water heater. The hot feed 

water is passing through the economizer, where it is further heated by means of flue gases. The feed 

water which is sufficiently heated by the feed water heaters and economizer is then fed into the boiler. 

 

4 Cooling water circuit 

Abundant quantity of water is required for condensing the steam in the condenser. Water circulating 

through the condenser may be taken from various sources such as river or lake, provided adequate 

water supply is available from the river or lake throughout the year. If adequate quantity of water is not 
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available at the plant site, the hot water from the condenser is cooled in the cooling tower or cooling 

ponds and circulated again. 

Advantages of thermal power plants 

1 Initial cost is low compared with hydro-plant. 

2 The power plant can be located near load center, so the transmission losses are considerably 

reduced. 

3 The generation of power is not dependent on the nature’s mercy like hydro plant. 

4 The construction and commissioning of thermal plant requires less period of time than a hydro 

plant. 

 

Disadvantages of thermal power plant 

1 The fossil fuel (coal) used in this plant may be exhausted after some time since it si no 

renewable. 

2 Power generation cost is high considerably high compared with hydro electric power plant. 

3 Efficiency of plant decreases with time. 

4 Transportation of fuel is a major problem if the plant location far away from the local field. 

5 The life of the plat is less when compared to hydro electric power plant. 

 

 

Hydro-electric power plant: 

Working principle:  

 

Hydro-electric power plant utilizes the potential energy of water stored in a dam built across the river. 

The potential energy of the water is used to run water turbine to which the electric generator is 

coupled. The mechanical energy available at the shaft of the turbine is converted into electrical energy 

by means of the generator. 

 

General arrangement of a hydro-electric power plant: 
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Water reservoir:  

Continuous availability of water is the basic necessity for a hydro-electric plant. Water collected from 

catchment area during rainy season is stored in the reservoir. Water surface in the storage reservoir is 

known as head race. 

 

Dam:  

The function of a dam is to increase the height of water level behind it, which ultimately increases the 

reservoir capacity. The dam also helps to increase the working head of the power plant. 

 

Spillway:  

Water in the dam after a certain level in the reservoir overflows through spillway without allowing the 

increase in water level in the reservoir during rainy season. 

 

Pressure tunnel:  

It carries water from the reservoir to surge tank. 

 

Penstock:  

Water from surge tank is taken to the turbine by means of pen stocks, made up of reinforced concrete 

pipe or steel. 
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Surge tank:  

There is sudden increase of pressure in the penstock due to sudden backflow of water, as load on the 

turbine is reduced. The sudden rise of pressure in the penstock is known as water hammer. The surge 

tank is introduced between the dam and the power house to keep in reducing the sudden rise of 

pressure in the penstock. Otherwise penstock will be damaged by the water hammer. 

 

Water turbine:  

Water through the penstock enters into the turbine through an inlet valve. Prime motors which are in 

common use are pelton turbine, francis turbine and kalpan turbine. The potential energy of water 

entering the turbine is converted into mechanical energy. The mechanical energy available at the 

turbine shaft is used to run the electric generator. The water is then discharged through the draft tube. 

 

Draft tube:  

It is connected to the outlet of the turbine. It allows the turbine to be placed over tail race level. 

 

Tail race:  

Tail race is a water way to lead the water discharged from the turbine to the river. The water held in the 

tail race is called tail race water level. 

 

Step-up transformer:  

Its function is to raise the voltage generated at the generator terminal before transmitting the power 

consumers. 

 

Power house:  

The power house accommodates the turbine, generator, and transformer and control room. 

 

 

BINARY VAPOR CYCLE 

In this cycle two working fluids are used. Fig. 1.7 shows Elements of Binary vapour power plant. The 

mercury boiler heats the mercury into mercury vapours in a dry and saturated state. These mercury 

vapours expand in the mercury turbine and then flow through heat exchanger where they transfer the 
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heat to the feed water, convert it into steam. The steam is passed through the steam super heater where 

the steam is super-heated by the hot flue gases. The steam then expands in the steam turbine. 

 

Characteristics of ideal working fluid for vapor power cycle 

 

 

 

Flow diagram of mercury –steam binary cycle 

The  mercury cycle a-b-c-d is a simple rankine cycle using saturated vapor. The heat rejected 

by mercury during condensation (process b-c) is transferred to boil water and form saturated vapour 

(process 5-6). The saturated vapour is heated from the external source (furnace) in the superheater 

(process 6-1). Superheated steam expands in the turbine and is then condensed. The condensate is then 

pumped to the economizer where it is heated till it becomes saturated liquid by the outgoing flue gases 

(process 4-5). The saturated liquid then goes to the mercury condenser-steam boiler, where the latent 
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heat is absorbed. In an actual plant, the steam plant, the steam cycle is always a regenerative cycle with 

feed water heating, but for the sake of simplicity, this complication has been omitted. 

Le m represents the flow rate of mercury in the mercury cycle per kg of steam circulating in the 

steam cycle.  

 

 

Combined cycle plants 

Gas turbine – Steam turbine plants 

Advantages of combined cycle power generation 

1 High overall plant efficiency. 

Efficiencies exceeding 50 % can be obtained. 

2 Low investment cost 

Because 2/ 3of the output is produced in he GT and only 1/3 in the simple ST , the investment cost 

required is approximately 30% less than those for a conventional steam power plant. 
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3 Small amount of water required 

The amount of cooling water required in only about 40 to 50%, as much for a steam power plant. 

4 Greta operational flexibility 

The simple steam cycle makes it possible to start up and shut down the plants quickly, which also 

affects efficiency in a positive direction. 

5 Phased installation 

The gas turbine plant can keep on generating power as the steam plant is under construction. This 

makes it possible to adjust the growth in demand for energy in a grid.  Later, a coal gasification unit 

can be installed if there is too sharp an increase in the price of oil or gas. 

6 Simplicity of operation 

It is simpler to run than a conventional steam power plant. Moreover, because combined cycle plants 

are generally operated fully automatically, they are especially suitable for use when operating staff is 

les experienced. 

7 Low environmental impact 

Gas burring combined cycle (CC) plants in particular are ideally suitable for use in heavily populated 

regions because of their high efficiency and low emission levels of pollutants. In particular, very low 

NOx levels. 

 

NUCLEAR POWER PLANT 

PARTS OF A NUCLEAR REACTOR 

A nuclear reactor is an apparatus in which heat is produced due to nuclear fission chain reaction. 

Figure shows the various parts of reactor, which are as follows : 

1. Nuclear Fuel 

2. Moderator 

3. Control Rods 

4. Reflector 

5. Reactors Vessel 

6. Biological Shielding 

7. Coolant. 
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NUCLEAR FUEL 

Fuel of a nuclear reactor should be fissionable material which can be defined as an element or isotope 

whose nuclei can be caused to undergo nuclear fission by nuclear bombardment and to produce a 

fission chain reaction. It can be one or all of the following 

U233, U235 and Pu239. 

Out of these U235 is most unstable and is capable of sustaining chain reaction and has been given the 

name as primary fuel. U233 arid Pu239 are artificially produced from Th232 and U238 respectively 

and are called secondary fuel. 

 

MODERATOR 

In the chain reaction the neutrons produced are fast moving neutrons. These fast moving neutrons are 

far less effective in causing the fission of U235 and try to escape from the reactor. To improve the 

utilization of these neutrons their speed is reduced. It is done by colliding them with the nuclei of other 

material which is lighter, does not capture the neutrons but scatters them. Each such collision causes 

loss of energy, and the speed of the fast moving neutrons is reduced. Such material is called 

Moderator. The slow neutrons (Thermal Neutrons) so produced are easily captured by the nuclear fuel 

and the chain reaction proceeds smoothly. Graphite, heavy water and beryllium are generally used as 

moderator. 
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Reactors using enriched uranium do not require moderator. But enriched uranium is costly due to 

processing needed. 

A moderator should process the following properties : 

1. It should have high thermal conductivity. 

2. It should be available in large quantities in pure form. 

3. It should have high melting point in case of solid moderators and low melting point in case 

of liquid moderators. Solid moderators should also possess good strength and machinability. 

4. It should provide good resistance to corrosion. 

5. It should be stable under heat and radiation. 

6. It should be able to slow down neutrons. 

 

Control Rods. The Control and operation of a nuclear reactor is quite different frorn a fossil and 

fuelled (coal or oil fired) furnace. The furnace is fed continuously and the heat energy in the furnace is 

controlled by regulating the fuel feed, and the combustion air whereas a nuclear reactor contains as 

much fuel as is sufficient to operate a large power plant for some months. The consumption of this fuel 

and the power level of the reactor depends upon its neutron flux in the reactor core. The energy 

produced in the reactor due to fission of nuclear fuel during chain reaction is so much that if it is not 

controlled properly the entire core and surrounding structure may melt and radioactive fission products 

may come out of the reactor thus making it uninhabitable. This implies that we should have some 

means to control the power of reactor. This is done by means of control rods. 

 

Control rods in the cylindrical or sheet form are made of boron or cadmium. These rods can be moved 

in and out of the holes in the reactor core assembly. Their insertion absorbs more neutrons and damps 

down the reaction and their withdrawal absorbs less neutrons. Thus power of reaction is controlled by 

shifting control rods which may be done manually or automatically. 

 

Control rods should possess the following properties: 

1. They should have adequate heat transfer properties. 

2. They should be stable under heat and radiation. 

3. They should be corrosion resistant. 

4. They should be sufficient strong and should be able to shut down the reactor almost instantly under 

all conditions. 
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5. They should have sufficient cross-sectional area for the absorption. 

 

REFLECTOR 

The neutrons produced during the fission process will be partly absorbed by the fuel rods, moderator, 

coolant or structural material etc. Neutrons left unabsorbed will try to leave the reactor core never to 

return to it and will be lost. Such losses should be minimized. It is done by surrounding the reactor 

core by a material called reflector which will send the neutrons back into the core. The returned 

neutrons can then cause more fission and improve the neutrons economy of' the reactor. Generally the 

reflector is made up of graphite and beryllium. 

 

REACTOR VESSEL 

It is a. strong walled container housing the cure of the power reactor. It contains moderator, reflector, 

thermal shielding and control rods. 

 

BIOLOGICAL SHIELDING 

Shielding the radioactive zones in the reactor roan possible radiation hazard is essential to protect, the 

operating men from the harmful effects. During fission of nuclear fuel, alpha particles, beta particles, 

deadly gamma rays and neutrons are produced. Out oil these nc-1utroxrs and gamma rays are of main 

significance. A protection must be provided against them. Thick layers of lead or concrete are provided 

round the reactor for stopping the gamma rays. Thick layers of metals or plastics are sufficient to stop 

the alpha and beta particles. 

 

COOLANT 

Coolant. flows through and around the reactor core. It is used to transfer the large amount of heat 

produced in the reactor due to fission of the nuclear fuel during chain reaction. The coolant either 

transfers its heat to another medium or if the coolant used is water it takes up the heat and gets 

converted into steam in the reactor which is directly sent to the turbine. 

 

 

Coolant used should be stable under thermal condition. It should have a low melting point and high 

boiling point. It should not corrode the material with which it comes in contact. The coolant should 

have high heat transfer coefficient. The radioactivity induced in coolant by the neutrons bombardment 
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should be nil. The various fluids used as coolant are water (light water or heavy water), gas (Air, CO2, 

Hydrogen, Helium) and liquid metals such as sodium or mixture of sodium and potassium and 

inorganic and organic fluids. 

 

 

Power required to pump the coolant should be minimum. A coolant of greater density and higher 

specific heat demands less pumping power and water satisfies this condition to a great extent. Water is 

a good coolant as it is available in large qualities can be easily handled, provides some lubrication also 

and offers no unusual corrosion problems. But due to its low boiling point (212 F at atmospheric 

pressure) it is to be kept under high pressure to keep it in the liquid state to achieve a high that transfer 

efficiency. Water when used as coolant should be free from impurities otherwise the impurities may 

become radioactive and handling of water will be difficult. 

 

ADVANTAGES OF NUCLEAR POWER PLANT 

The various advantages of a nuclear power plant are as follows: 

1. Space requirement of a nuclear power plant is less as compared to other conventional power plants 

are of equal size. 

2. A nuclear power plant consumes very small quantity of fuel. Thus fuel transportation cost is less and 

large fuel storage facilities are not needed Further the nuclear power plants will conserve the fossil 

fuels (coal, oil, gas etc.) for other energy need. 

3. There is increased reliability of operation. 

4. Nuclear power plants are not effected by adverse weather conditions. 

5. Nuclear power plants are well suited to meet large power demands. They give better performance at 

higher load factors (80 to 90%). 

6. Materials expenditure on metal structures, piping, storage mechanisms are much lower for a nuclear 

power plant than a coal burning power plant. 

 

For example for a 100 mW nuclear power plant the weight of machines and mechanisms, weight of 

metal structures, weight of pipes and fittings and weight of masonry and bricking up required are 

nearly 700 tonnes, 900 tonnes, 200 tonnes and 500 tonnes respectively whereas for a 100 mW coal 

burning power plant the corresponding value are 2700 tonnes, 1250 tonnes, 300 tonnes and 1500 

tonnes respectively. Further area of construction site required aired for 100 mW nuclear power plant is 
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5 hectares whereas was for a 100 mW coal burning power plant the area of construction site is nearly 

15 hectares. 

 

7. It does not require large quantity of water. 

 

DISADVANTAGES 

1. Initial cost of nuclear power plant is higher as compared to hydro or steam power plant. 

2. Nuclear power plants are not well suited for varying load conditions. 

3. Radioactive wastes if not disposed carefully may have bad effect on the health of workers and other 

population. 

In a nuclear power plant the major problem faced is the disposal of highly radioactive waste in 

form of liquid, solid and gas without any injury to the atmosphere. The preservation of waste 

for a long time creates lot of difficulties and requires huge capital. 

4. Maintenance cost of the plant is high. 

5. It requires trained personnel to handle nuclear power plants. 

 

 

DIESEL POWER PLANT 

Applications of diesel power plant 

1. Diesel power plant’s is in the range of 2 to 50 MW capacity. They are used as central station 

for small or medium power supplies. 

2. They can be used as stand-by plants to hydro-electric power plants and steam power plants for 

emergency services. 

3. They can be used as peak load plants in combinations with thermal or hydro-plants. 

4. They are quite suitable for mobile power generation and are widely used in transportation 

systems such as automobiles, railways, air planes and ships. 

5. Now-a-days power cut has become a regular feature for industries. The only solution to tide 

over this difficulty is to install diesel generating sets. 

Layout diesel engine power plant: 
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Diesel engine: 

Diesel engines or compression ignition engines as they are called are generally classified as two stroke 

engine and four stroke engines. In diesel engine, air admitted into the cylinder is compressed, the 

compression ratio being 12 to 20. At the end of compression stroke, fuel is injected. It burns and the 

burning gases expand and do work on the position. The engine is directly coupled to the generator. The 

gases are then exhausted from the cylinder to atmosphere. 

Engine starting system: 

This includes air compressor and starting air tank. The function of this system is to start the engine 

from cold supplying compressed air. 

Fuel system: 

Pump draws diesel from storage tank and supplies it to the small day tank through the filter. Day tank 

supplies the daily fuel need of engine. The day tan is usually placed high so that diesel flows to engine 

under gravity. 

Diesel is again filtered before being injected into the engine by the fuel injection pump. The fuel is 

supplied to the engine according to the load on the plant. 

Air intake system: 
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Air filters are used to remove dust from the incoming air. Air filters may be dry type, which is made up 

of felt, wool or cloth. In oil bath type filters, the sir is swept over a bath of oil so that dust particles get 

coated. 

Exhaust system: 

In the exhaust system, silencer (muffler) is provide to reduce the noise. 

Engine cooling system: 

The temperature of burning gases in the engine cylinder is the order of 1500 to 2000’C. to keep the 

temperature at the reasonable level, water is circulated inside the engine in water jackets which are 

passage around the cylinder, piston, combustion chamber etc. hot water leaving the jacket is sent to 

heat exchanger. Raw water is made to flow through the heat exchanger, where it takes up the heat of 

jacket water. It is then cooled in the cooling tower and recirculates again. 

Engine lubrication system: 

It includes lubricating oil tank, oil pump and cooler. Lubrication is essential to reduce friction and wear 

of engine parts such as cylinder walls and piston. 

Lubricating oil which gets heated due to friction of moving parts is cooled before recirculation. The 

cooling water used in the engine is used for cooling the lubricant also. 

Advantages of diesel power plant: 

1. Plant layout is simple. Hence it can be quickly installed and commissioned, while the erection 

and starting of a steam power plant or hydro-plant takes a fairly long time. 

2. Quick starting and easy pick-up of loads are possible in a very short time. 

3. Location of the plant is near the load center. 

4. The load operation is easy and requires minimum labors. 

5. Efficiency at part loads does not fall so much as that of a steam plant. 

6. Fuel handling is easier and no problem of ash disposal exists. 

7. The plant is smaller in size than steam power plant for same capacity. 

8. Diesel plants operate at high overall efficiency than steam. 

Disadvantages of diesel power plant: 

1. Plant capacity is limited to about 50 MW of power. 

2. Diesel fuel is much more expensive than coal. 

3. The maintenance and lubrication costs are high. 

4. Diesel engines are not guaranteed for operation under continuous, while steam can work under 

25% of overload continuously. 
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GAS TURBINE POWER PLANT 

 

 
L.P air compressor:  

Atmospheric air is drawn in and passed through the air filter. It then flows into the low pressure 

compressor. Major percentage of power developed (66%) by the turbine is used to run the compressor. 

The power required to run the compressor can be reduced by compressing the air in two stages, i.e., in 

low pressure and high pressure compressor and also by incorporating an intercooler between the two. 

 

 

Intercooler:  

Intercooler is used to reduce work of the compressor and increase the efficiency. The energy required 

to compress air is proportional it the air temperature at inlet. Therefore if intercooling is carried out 

between the stages of compression, total work can be reduced. 

 

H.P. Compressor:  

From the intercooler, the compressed air enters the high pressure compressor, where it is further 

compressed to a high pressure. Then it is passed into the regenerator. 

 

Regenerator:  

In the simple open cycle system the heat of the turbine exhaust gases goes as waste. To make use of 
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this heat a regenerator is provided. In the regenerator the heat of the hot exhaust gases from the turbine 

is used to preheat the air entering the combustion chamber. 

 

 

Combustion chamber:  

Hot air from regenerator flows to the combustion chamber. Fuel (natural gas or coal gas or kerosene or 

gasoline) is injected into the combustion chamber and burns in the steam of hot air. The products of 

combustion, comprising a mixture of gases as high temperature and pressure are passed to the turbine. 

 

 

Gas turbines:  

Products of combustion are expanded in high pressure turbine and then in low pressure turbine. The 

part of the work developed by the gases passing through the turbines is used to run the compressor and 

the remaining (about 34%) is used to generate electric power. 

 

Open cycle and closed cycle system:  

When the heat is given to the air by mixing and burning the fuel in the air and the gases coming out of 

the turbine are exhausted to the atmosphere, the cycle is known as “open cycle system”. If the heat to 

the working medium (air or any other suitable gas) is given without directly burning the fuel in the air 

and the same working medium is used again and again, the cycle is known as “closed cycle system”. 

 

Reheating combustion chamber:  

The output of the plant can be further improved by providing a reheating combustion chamber between 

high pressure and low pressure turbines. In this, fuel is added to reheat the exhaust gases of high 

pressure turbine. The addition of the regenerator, intercooler and reheating combustion chamber 

increases the overall efficiency of the plant. 

 

Advantages of Gas turbine power plant 

1. Natural gas is very suitable fuel and where this is available cheap, it is an ideal source of power 

in gas turbine. 

2. Gas turbine plant is smaller in size and weight compared to an equivalent steam power plant. 

For smaller capacities the size of the gas turbine power plant is appreciably greater than a high 
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speed diesel engine plant; but for larger capacities it is smaller in size than comparable diesel 

plant. If size and weight are main considerations such as in ships, aircraft engines and 

locomotives, gas turbines are more suitable. 

3. The initial cost is lower than an equivalent steam plant. 

4. It requires less water as compared to a steam plant. 

5. It can be started quickly, and can be put on load in a very short time. 

6. Maintenance cost is low. 

7. It does not require heavy foundations and buildings. 

8. Any poor quality and wide variety of fuels from natural gas to residual oil or powered coal can 

be used. 

9. The running speed of the turbine (40,000 to 100,000 rpm) is considerably large compared with 

diesel engine (1000 to 2000 rpm). 

10. The exhaust of the gas turbine is free from smoke. 

 

Disadvantage Gas turbine power plant 

1. Major part of the work (66%) developed in the turbine is used to drive the compressor. 

Therefore net work output of the plant is low. 

2. It requires special metals and alloys for different components because the operating 

temperature (2000’C) and speed (100,000 rpm) are very high. 

3. Part load efficiency is poor compared to diesel plant. 

 

The use of gas turbine in power generation industry is more recent in the last two decades than its use 

in other fields as early as in 1875. The major progress has been achieved in three directions: increase in 

capacities of gas turbine units (50-100 MW), increase in efficiency (38%) and drop in capital cost. 

 

COMPARISON OF NUCLEAR POWER PLANT AND STEAM POWER PLANT 

 

The cost of electricity generation is nearly equal in both these power plants. The other advantages and 

disadvantages are as follows: 
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(i) The number of workman required for the operation of nuclear power plant is much less than a steam 

power plant. This reduces the cost of operation. 

 

(ii) The capital cost of nuclear power plant falls sharply if the size of plant is increased. The capital 

cost as structural materials, piping, storage mechanism etc. much less in nuclear power plant than 

similar expenditure of steam power plant. However, the expenditure of nuclear reactor and building 

complex is much higher. 

 

(iii) The cost of power generation by nuclear power plant becomes competitive with cost of steam 

power plant above the unit size of about 500 mW. 

 

 

SELECTION OF SITE FOR A HYDRO-ELECTRIC POWER PLANT 

While selecting a suitable site, if a good system of natural storage lakes at high altitudes and with large 

catchment areas can be located, the plant will be comparatively economical. Anyhow the essential 

characteristics of a good site are: large catchment areas, high average rainfall and a favorable place for 

constructing the storage or reservoir. For this purpose, the geological, geographical and meteorological 

conditions of a site need careful investigation. The following factors should be given careful 

consideration while selecting a site for a hydro-electric power plant: 

 

1. Water Available. To know the available energy from a given stream or river, the discharge flowing 

and its variation with time over a number of years must be known. Preferably, the estimates of the 

average quantity of water available should be prepared on the basis of actual measurements of stream 

or river flow. The recorded observation should be taken over a number of years to know within 

reasonable, limits the maximum and minimum variations from the average discharge. the river flow 

data should be based on daily, weekly, monthly and yearly flow ever a number of years. Then the 

curves or graphs can be plotted between tile river flow and time. These are known as hygrographs and 

flow duration curves. 

 

The plant capacity and the estimated output as well as the need for storage will be governed by the 

average flow. The primary or dependable power which is available at all times when energy is needed 

will depend upon the minimum flow. Such conditions may also fix the capacity of the standby plant. 
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The, maximum of flood flow governs the size of the headwords and dam to be built with adequate 

spillway. 

 

2. Water-Storage. As already discussed, the output of a hydropower plant is not uniform due to wide 

variations of rain fall. To have a uniform power output, a water storage is needed so that excess flow at 

certain times may be stored to make it available at the times of low flow. To select the site of the dam ; 

careful study should be made of the geology and topography of the catchment area to see if the natural 

foundations could be found and put to the best use. 

 

3. Head of Water. The level of water in the reservoir for a proposed plant should always be within 

limits throughout the year. 

 

4. Distance from Load Center. Most of the time the electric power generated in a hydro-electric 

power plant has to be used some considerable distance from the site of plant. For this reason, to be 

economical on transmission of electric power, the routes and the distances should be carefully 

considered since the cost of erection of transmission lines and their maintenance will depend upon the 

route selected. 

 

5. Access to Site. It is always a desirable factor to have a good access to the site of the plant. This 

factor is very important if the electric power generated is to be utilized at or near the plant site. The 

transport facilities must also be given due consideration. 

 

SITE SELECTION OF NUCLEAR POWER PLANT 

The various factors to be considered while selecting the site for nuclear plant are as follows : 

1. Availability of water. At the power plant site an ample quantity of water should be available for 

condenser cooling and made up water required for steam generation. Therefore the site should be 

nearer to a river, reservoir or sea. 

2. Distance from load center. The plant should be located near the load center. This will minimize the 

power losses in transmission lines. 

3. Distance from populated area. The power plant should be located far away from populated area to 

avoid the radioactive hazard. 
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4. Accessibility to site. The power plant should have rail and road transportation facilities. 

5. Waste disposal. The wastes of a nuclear power plant are radioactive and there should be sufficient 

space near the plant site for the disposal of wastes. 

 

Safeguard against earthquakes. The site is classified into its respective seismic zone 1, 2, 3, 4, or 6. 

The zone 5 being the most seismic and unsuitable for nuclear power plants. About 300 km of radius 

area around the proposed site is studied for its past history of tremors, and earthquakes to assess the 

severest earthquake that could occur for which the foundation building and equipment supports are 

designed accordingly. This ensures that the plant will retain integrity of structure, piping and 

equipments should an earthquake occur. The site selected should also take into account the external 

natural events such as floods, including those by up-stream dam failures and tropical cyclones.  

 

The most important consideration in selecting a site for a nuclear power plant is to ensure that the site-

plant combination does not pose radio logical or any hazards to either the public, plant personnel on 

the environment during normal operation of plant or in the unlikely event of an accident. 

 

The Atomic Energy Regulatory Board (AERB) has stipulated a code of practice on safety in Nuclear 

Power Plant site and several safety guide lines for implementation. 

 

 

Steam Generator 

Boiler is an apparatus to produce steam. Thermal energy released by combustion of fuel is 

transferred to water, which vaporizes and gets converted into steam at the desired temperature and 

pressure.  

The steam produced is used for: 

(i) Producing mechanical work by expanding it in steam engine or steam turbine. 

(ii) Heating the residential and industrial buildings 

(iii) Performing certain processes in the sugar mills, chemical and textile industries. 

Boiler is a closed vessel in which water is converted into steam by the application of heat. 

Usually boilers are coal or oil fired. A boiler should fulfill the following requirements 

(i) Safety. The boiler should be safe under operating conditions. 
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(ii) Accessibility. The various parts of the boiler should be accessible for repair and 

maintenance. 

(iii) Capacity. The boiler should be capable of supplying steam according to the requirements. 

(iv) Efficiency. To permit efficient operation, the boiler should be able to absorb a maximum 

amount of heat produced due to burning of fuel in the furnace. 

(v) It should be simple in construction and its maintenance cost should be low. 

(vi) Its initial cost should be low. 

(vii) The boiler should have no joints exposed to flames. 

(viii) The boiler should be capable of quick starting and loading. 

The performance of a boiler may be measured in terms of its evaporative capacity also called power of 

a boiler. It is defined as the amount of water evaporated or steam produced in kg per hour. It may also 

be expressed in kg per kg of fuel burnt or kg/hr/m2 of heating surface. 

 

TYPES OF BOILERS 

The boilers can be classified according to the following criteria. 

According to flow of water and hot gases. 

1. Water tube. 

2. Fire tube. 

 

In water tube boilers, water circulates through the tubes and hot products of combustion flow over 

these tubes. In fire tube boiler the hot products of combustion pass through the tubes, which are 

surrounded, by water. Fire tube boilers have low initial cost, and are more compacts. But they are more 

likely to explosion, water volume is large and due to poor circulation they cannot meet quickly the 

change in steam demand. For the same output the outer shell of fire tube boilers is much larger than the 

shell of water-tube boiler. Water tube boilers require less weight of metal for a given size, are less 

liable to explosion, produce higher pressure, are accessible and can response quickly to change in 

steam demand. Tubes and drums of water-tube boilers are smaller than that of fire-tube boilers and due 

to smaller size of drum higher pressure can be used easily. Water-tube boilers require lesser floor 

space. The efficiency of water-tube boilers is more. 

 

Water tube boilers are classified as follows. 

1. Horizontal straight tube boilers 
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(a) Longitudinal drum (b) Cross-drum. 

2. Bent tube boilers 

(a) Two drum (b) Three drum (c) Low head three drum (d) Four drum. 

3. Cyclone fired boilers 

Various advantages of water tube boilers are as follows. 

(i) High pressure of the order of 140 kg/cm2 can be obtained. 

(ii) Heating surface is large. Therefore steam can be generated easily. 

(iii) Large heating surface can be obtained by use of large number of tubes. 

(iv) Because of high movement of water in the tubes the rate of heat transfer becomes large 

resulting into a greater efficiency 

 

Fire tube boilers are classified as follows. 

l. External furnace: 

(i) Horizontal return tubular 

(ii) Short fire box 

(iii) Compact. 

2. Internal furnace: 

(i) Horizontal tubular 

(a) Short firebox (b) Locomotive (c) Compact (d) Scotch. 

(ii) Vertical tubular. 

(a) Straight vertical shell, vertical tube 

(b) Cochran (vertical shell) horizontal tube. 

Various advantages of fire tube boilers are as follows. 

(i) Low cost 

(ii) Fluctuations of steam demand can be met easily 

(iii) It is compact in size. 

 

According to position of furnace. 

(i) Internally fired (ii) Externally fired 

In internally fired boilers the grate combustion chamber are enclosed within the boiler shell 

whereas in case of extremely fired boilers and furnace and grate are separated from the boiler 

shell. 
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According to the position of principle axis. 

(i) Vertical (ii) Horizontal (iii) Inclined. 

According to application. 

(i) Stationary (ii) Mobile, (Marine, Locomotive). 

According to the circulating water. 

(i) Natural circulation (ii) Forced circulation. 

According to steam pressure. 

(i) Low pressure (ii) Medium pressure (iii) Higher pressure. 

 

 

MERITS AND DEMERITS OF WATER TUBE BOILERS OVER FIRE TUBE BOILERS 

MERITS 

 

1. Generation of steam is much quicker due to small ratio of water content to steam content. This also 

helps in reaching the steaming temperature in short time. 

2. Its evaporative capacity is considerably larger and the steam pressure range is also high-200 bar. 

3. Heating surfaces are more effective as the hot gases travel at right angles to the direction of water 

flow. 

4. The combustion efficiency is higher because complete combustion of fuel is possible as the 

combustion space is much larger. 

5. The thermal stresses in the boiler parts are less as different parts of the boiler remain at uniform 

temperature due to quick circulation of water. 

6. The boiler can be easily transported and erected as its different parts can be separated. 

7. Damage due to the bursting of water tube is less serious. Therefore, water tube boilers are 

sometimes called safety boilers. 

8. All parts of the water tube boilers are easily accessible for cleaning, inspecting and repairing.  

9. The water tube boiler's furnace area can be easily altered to meet the fuel requirements. 

 

Demerits : 

1. It is less suitable for impure and sedimentary water, as a small deposit of scale may cause the 

overheating and bursting of tube. Therefore, use of pure feed water is essential. 

2. They require careful attention. The maintenance costs are higher. 
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3. Failure in feed water supply even for short period is liable to make the boiler over-heated. 

 

REQUIREMENTS OF A GOOD BOILER 

A good boiler must possess the following qualities: 

1. The boiler should be capable to generate steam at the required pressure and quantity as quickly as 

possible with minimum fuel consumption. 

2. The initial cost, installation cost and the maintenance cost should be as low as possible. 

3. The boiler should be light in weight, and should occupy small floor area. 

4. The boiler must be able to meet the fluctuating demands without pressure fluctuations. 

5. All the parts of the boiler should be easily approachable for cleaning and inspection. 

6. The boiler should have a minimum of joints to avoid leaks which may occur due to expansion and 

contraction. 

7. The boiler should be erected at site within a reasonable time and with minimum labour. 

8. The water and flue gas velocities should be high for high heat transfer rates with minimum pressure 

drop through the system. 

9. There should be no deposition of mud and foreign materials on the inside surface and soot 

deposition on the outer surface of the heat transferring parts. 

10. The boiler should conform to the safety regulations as laid down in the Boiler Act. 

 

HIGH PRESSURE BOILERS 

In all modern power plants, high pressure boilers (> 100 bar) are universally used as they offer the 

following advantages. 

In order to obtain efficient operation and high capacity, forced circulation of water through boiler tubes 

is found helpful. Some special types of boilers operating at super critical pressures and using forced 

circulations are described in this chapter. 

I . The efficiency and the capacity of the plant can be increased as reduced quantity of steam is 

required for the same power generation if high pressure steam is used. 

2. The forced circulation of water through boiler tubes provides freedom in the arrangement of 

furnace and water walls, in addition to the reduction in the heat exchange area. 

3. The tendency of scale formation is reduced due to high velocity of water. 

4. The danger of overheating is reduced as all the parts are uniformly heated. 



Power Plant Engineering 
Fatima Michael College of Engineering and Technology, Madurai 

 
5. The differential expansion is reduced due to uniform temperature and this reduces the 

possibility of gas and air leakages. 

6. Some special types of high pressure supercritical boilers are described in this chapter. 

 

LA MONT BOILER 

 

A forced circulation boiler was first introduced in 1925 by La Mont. The arrangement of water 

circulation and different components are shown in Fig. 5.5. 

The feed water from hot well is supplied to a storage and separating drum (boiler) through the 

economizer. Most of the sensible heat is supplied to the feed water passing through the economizer. A 

pump circulates the water at a rate 8 to 10 times the mass of steam evaporated. This water is circulated 

through the evaporator tubes and the part of the vapour is separated in the separator drum. The large 

quantity of water circulated (10 times that of evaporation) prevents the tubes from being overheated. 

 

 
 

Figure La Mont Boiler. 
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The centrifugal pump delivers the water to the headers at a pressure of 2.5 bar above the drum 

pressure. The distribution headers distribute the water through the nozzle into the evaporator. 

 

The steam separated in the boiler is further passed through the super-heater. Secure a uniform flow of 

feed water through each of the parallel boiler circuits a choke is fitted entrance to each circuit. 

 

These boilers have been built to generate 45 to 50 tonnes of superheated steam at a pressure of 120 bar 

and temperature of 500°C. Recently forced circulation has been introduced in large capacity power. 

 

BENSON BOILER 

The main difficulty experienced in the La Mont boiler is the formation and attachment of bubbles on 

the inner surfaces of the heating tubes. The attached bubbles reduce the heat flow and steam generation 

as it offers higher thermal resistance compared to water film. 

 

1. Benson in 1922 argued that if the boiler pressure was raised to critical pressure (225 atm.), the steam 

and water would have the same density and therefore the danger of bubble formation can be 

completely 

 

2. Natural circulation boilers require expansion joints but these are not required for Benson as the pipes 

are welded. The erection of Benson boiler is easier and quicker as all the parts are welded at site and 

workshop job of tube expansion is altogether avoided. 

 

3. The transport of Benson boiler parts is easy as no drums are required and majority of the parts are 

carried to the site without pre-assembly. 

 

4. The Benson boiler can be erected in a comparatively smaller floor area. The space problem does not 

control the size of Benson boiler used. 

 

5. The furnace walls of the boiler can be more efficiently protected by using small diameter and close 

pitched tubes. 
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6. The superheater in the Benson boiler is an integral part of forced circulation system, therefore no 

special starting arrangement for superheater is required. 

 

7. The Benson boiler can be started very quickly because of welded joints. 

 

8. The Benson boiler can be operated most economically by varying the temperature and pressure at 

partial loads and overloads. The desired temperature can also be maintained constant at any pressure. 

 

9. Sudden fall of demand creates circulation problems due to bubble formation in the natural 

circulation boiler which never occurs in Benson boiler. This feature of insensitiveness to load 

fluctuations makes it more suitable for grid power station as it has better adaptive capacity to meet 

sudden load fluctuations. 

 

10. The blow-down losses of Benson boiler are hardly 4% of natural circulation boilers of same 

capacity. 

 

11. Explosion hazards are not at all severe as it consists of only tubes of small diameter and has very 

little storage capacity compared to drum type boiler. During starting, the water is passed through the 

economiser, evaporator, superheater and back to the feed line via starting valve A.  

 

During starting the valve B is closed. As the steam generation starts and it becomes superheated, the 

valve A is closed and the valve B is opened. 

 

During starting, first circulating pumps are started and then the burners are started to avoid the 

overheating of evaporator and superheater tubes. 

 

LOEFFLER BOILER 

The major difficulty experienced in Benson boiler is the deposition of salt and sediment on the inner 

surfaces of the water tubes. The deposition reduced the heat transfer and ultimately the generating 

capacity. This further increased the danger of overheating the tubes due to salt deposition as it has high 

thermal resistance. 
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The difficulty was solved in Loeffler boiler by preventing the flow of water into the boiler tubes. Most 

of the steam is generated outside from the feedwater using part of the superheated steam coming out 

from the boiler. 

 

The pressure feed pump draws the water through the economiser and delivers it into the evaporator 

drum as shown in the figure. About 65% of the steam coming out of superheater is passed through the 

evaporator drum in order to evaporate the feed water coming from economizer. 

 

The steam circulating pump draws the saturated steam from the evaporator drum and is passed through 

the radiant superheater and then connective superheater. About 35% of the steam coming out from the 

superheater is supplied to the H.P. steam turbine. The steam coming out from H.P. turbine is passed 

through reheater before supplying to L.P. turbine as shown in the figure. 

 

The amount of steam generated in the evaporator drum is equal to the steam tapped (65%) from the 

superheater. The nozzles which distribute the superheated steam through the water into the evaporator 

drum are of special design to avoid priming and noise. 

 

This boiler can carry higher salt concentration than any other type and is more compact than indirectly 

heated boilers having natural circulation. These qualities fit it for land or sea transport power 

generation. Loeffler boilers with generating capacity of 94.5 tonnes/hr and operating at 140 bar have 

already been commissioned. 

 

 

UNIT II STEAM POWER PLANT 

Ash Handling 

A large quantity of ash is, produced in steam power plants using coal. Ash produced in about 10 to 

20% of the total coal burnt in the furnace. Handling of ash is a problem because ash coming out of the 

furnace is too hot, it is dusty and irritating to handle and is accompanied by some poisonous gases. It is 

desirable to quench the ash before handling due to following reasons: 

1. Quenching reduces the temperature of ash. 
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2. It reduces the corrosive action of ash. 

3. Ash forms clinkers by fusing in large lumps and by quenching clinkers will disintegrate. 

4. Quenching reduces the dust accompanying the ash. 

Handling of ash includes its removal from the furnace, loading on the conveyors and delivered to the 

fill from where it can be disposed off. 

 

Ash Handling Equipment 

Mechanical means are required for the disposal of ash. The handling equipment should perform the 

following functions: 

(1) Capital investment, operating and maintenance charges of the equipment should be low. 

(2) It should be able to handle large quantities of ash. 

(3) Clinkers, soot, dust etc. create troubles, the equipment should be able to handle them 

smoothly. 

(4) The equipment used should remove the ash from the furnace, load it to the conveying 

system to deliver the ash to a dumping site or storage and finally it should have means to 

dispose of the stored ash. 

(5) The equipment should be corrosion and wear resistant. 

 

Figure shows a general layout of ash handling and dust collection system. The commonly used 

ash handling systems are as follows: 

 
 

The commonly used ash discharge equipment is as follows: 



Power Plant Engineering 
Fatima Michael College of Engineering and Technology, Madurai 

 
(i) Rail road cars 

(ii) Motor truck 

(iii) Conveyers. 

Ash handling system 

(i) Hydraulic system 

(ii) Pneumatic system 

(iii) Mechanical system. 

 

 

Mechanical ash handling system 

Figure shows a mechanical ash handling system. In this system ash cooled by water seal falls on the 

belt conveyor and is carried out continuously to the bunker. The ash is then removed to the dumping 

site from the ash bunker with the help of trucks. 

 
 

 

Pneumatic system 

In this system (Figure) ash from the boiler furnace outlet falls into a crusher where larger ash particles 

are crushed to small sizes. The ash is then carried by a high velocity air or steam to the point of 

delivery. Air leaving the ash separator is passed through filter to remove dust etc. so that the exhauster 

handles clean air which will protect the blades of the exhauster. 
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Water Jetting  

Water jetting of ash is shown in Figure. In this method a low pressure jet of water coming out of the 

quenching nozzle is used to cool the ash. The ash falls into a trough and is then removed. 

 
 

Hydraulic System.  
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In this system, ash from the furnace grate falls into a system of water possessing high velocity and is 

carried to the sumps. It is generally used in large power plants. Hydraulic system is of two types 

namely low pressure hydraulic system used for continuous removal of ash and high pressure system 

which is used for intermittent ash disposal. Fig. 4.34 shows hydraulic system. 

 
 

 

Fuel Handling 

The important factor considered in selecting fuel handling systems are as follows: 

(i) Plant flue rate 

(ii) Plant location in respect to fuel shipping 

(i) Storage area available. 

 

Coal delivery equipment is one of the major components of plant cost. The various steps involved 

in coal handling are as follows : (Fig. 4.2) 

(i) Coal delivery    

(ii) Unloading 

(iii) Preparation    

(iv) Transfer 

(v) Outdoor storage   

(vi)  Covered storage 

(vii) In plant handling    

(viii) Weighing and measuring 

 (ix)  Feeding the coal into furnace. 
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(i) Coal Delivery. The coal from supply points is delivered by ships or boats to power stations situated 

near to sea or river whereas coal is supplied by rail or trucks to the power stations which are situated 

away from sea or river. The transportation of coal by trucks is used if the railway facilities are not 

available. 

 

(ii) Unloading. The type of equipment to be used for unloading the coal received at the power station 

depends on how coal is received at the power station. If coal is delivered by trucks, there is no need of 

unloading device as the trucks may dump the coal to the outdoor storage. Coal is easily handled if the 

lift trucks with scoop are used. In case the coal is brought by railway wagons, ships or boats, the 

unloading may be done by car shakes, rotary car dumpers, cranes, grab buckets and coal accelerators. 

Rotary car dumpers although costly are quite efficient for unloading closed wagons. 
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(iii) Preparation. When the coal delivered is in the form of big lumps and it is not of proper size, the 

preparation (sizing) of coal can be achieved by crushers, breakers, sizers driers and magnetic 

separators. 

 

(iv) Transfer. After preparation coal is transferred to the dead storage by means of the following 

systems: 

1. Belt conveyors.  

2. Screw conveyors. 

3. Bucket elevators.  

4. Grab bucket elevators. 

5. Skip hoists.  

6. Flight conveyor. 

7. Skip hoists 

8. Mass flow conveyer 

9. Chutes. 

 

1. Belt conveyor. Above fifure shows a belt conveyor. It consists of an endless belt. moving over a 

pair of end drums (rollers). At some distance a supporting roller is provided at the center. The belt is 

made, up of rubber or canvas. Belt conveyor is suitable for the transfer of coal over long distances. It is 

used in medium and large power plants. The initial cost of the system is not high and power 

consumption is also low. The inclination at which coal can be successfully elevated by belt conveyor is 

about 20. Average speed of belt conveyors varies between 200-300 r.p.m. This conveyor is preferred 

than other types. 

 

 
Advantages of belt conveyor 

1. Its operation is smooth and clean. 
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2. It requires less power as compared to other types of systems. 

3. Large quantities of coal can be discharged quickly and continuously. 

4. Material can be transported on moderates inclines. 

 

2. Screw conveyor. It consists of an endless helicoid screw fitted to a shaft. The screw while rotating 

in a trough transfers the coal from feeding end to the discharge end. This system is suitable, where coal 

is to be transferred over shorter istance and space limitations exist. The initial cost of the system is low. 

It suffers from the drawbacks that the power consumption is high and there is considerable wear of 

screw. Rotation of screw varies between 75-125 r.p.m. 

 
3. Bucket elevator. It consists of buckets fixed to a chain (Fig. 4.5). The chain moves over two 

wheels. The coal is carried by the buckets from bottom and discharged at the top. 

 

 
 

4. Grab bucket elevator. It lifts and transfers coal on a single rail or track from one point to the other. 

The coal lifted by grab buckets is transferred to overhead bunker or storage. This system requires less 

power for operation and requires minimum maintenance. The grab bucket conveyor can be used with 



Power Plant Engineering 
Fatima Michael College of Engineering and Technology, Madurai 

 
crane or tower as shown above. Although the initial cost of this system is high but operating cost is 

less. 

 

 
 

5. Skip hoist. It consists of a vertical or inclined hoist way a bucket or a car guided by a frame and a 

cable for hoisting the bucket. The bucket is held in up right position. It is simple and compact method 

of elevating coal or ash. Above figure shows a skip hoist. 

 
 

6. Flight conveyor. It consists of one or two strands of chain to which steel scraper or flights are 

attached’. which scrap the coal through a trough having identical shape This coal is discharged in the 

bottom of trough. It is low in first cost but has large energy consumption. There is considerable wear. 

Skip hoist and bucket elevators lift the coal vertically while Belts and flight conveyors move the coal 

horizontally or on inclines. 

 

Flight conveyors possess the following advantages. 

(ii) They can be used to transfer coal as well as ash. 
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(ii) The speed of conveyor can be regulated easily. 

(iii) They have a rugged construction. 

(iv) They need little operational care. 

Disadvantages. Various disadvantages of flight conveyors are as follows: 

(i) There is more wear due to dragging action. 

(ii) Power consumption is more. 

(iii) Maintenance cost is high. 

(iii) Due to abrasive nature of material handled the speed of conveyors is low (10 to 30 m/min). 

 
(v) Storage of coal. It is desirable that sufficient quantity of coal should be stored. Storage of coal 

gives protection against the interruption of coal supplies when there is delay in transportation of coal or 

due to strikes in coal mines. Also when the prices are low, the coal can be purchased and stored for 

future use. The amount of coal to be stored depends on the availability of space for storage, 

transportation facilities, the amount of coal that will whether away and nearness to coal mines of the 

power station. 

 

Usually coal required for one month operation of power plant is stored in case of power stations 

situated at longer distance from the collieries whereas coal need for about 15 days is stored in case of 

power station situated near to collieries. Storage of coal for longer periods is not advantageous because 

it blocks the capital and results in deterioration of the quality of coal. 

 

The coal received at the power station is stored in dead storage in the form of piles laid directly on the 

ground. 

 

The coal stored has the tendency to whether (to combine with oxygen of air) and during this process 

coal loss some of its heating value and ignition quality. Due to low oxidation the coal may ignite 



Power Plant Engineering 
Fatima Michael College of Engineering and Technology, Madurai 

 
spontaneously. This is avoided by storing coal in the form of piles which consist of thick and compact 

layers of coal so that air cannot pass through the coal piles. This will minimize the reaction between 

coal and oxygen. The other alternative is to allow the air to pass through layers of coal so that air may 

remove the heat of reaction and avoid burning. In case the coal is to be stored for longer periods the 

outer surface of piles may be sealed with asphalt or fine coal. 

 

The coal is stored by the following methods : 

(i) Stocking the coal in heats. The coal is piled on the ground up to 10-12 m height. The pile top should 

be given a slope in the direction in which the rain may be drained off. 

 

The sealing of stored pile is desirable in order to avoid the oxidation of coal after packing an air tight 

layer of coal. Asphalt, fine coal dust and bituminous coating are the materials commonly used for this 

purpose. 

(ii) Under water storage. The possibility of slow oxidation and spontaneous combustion can be 

completely eliminated by storing the coal under water. 

(iii)Coal should be stored at a site located on solid ground, well drained, free of standing water 

preferably on high ground not subjected to flooding. 

 
(vi) In Plant Handling. From the dead storage the coal is brought to covered storage (Live storage) 

(bins or bunkers). A cylindrical bunker shown in Fig. 4.9. In plant handling may include the equipment 

such as belt conveyors, screw conveyors, bucket elevators etc. to transfer the coal. Weigh lorries 

hoppers and automatic scales are used to record the quantity of coal delivered to the furnace. 
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(vii) Coal weighing methods. Weigh lorries, hoppers and automatic scales are used to weigh the 

quantity coal. The commonly used methods to weigh the coal are as follows:  

(i) Mechanical (ii) Pneumatic (iii) Electronic. 

 

The Mechanical method works on a suitable lever system mounted on knife edges and bearings 

connected to a resistance in the form of a spring of pendulum. The pneumatic weighters use a 

pneumatic transmitter weight head and the corresponding air pressure determined by the load applied. 

The electronic weighing machines make use of load cells that produce voltage signals proportional to 

the load applied. 

 

 

TYPES OF DUST COLLECTORS 

The various types of dust collectors are as follows : 

1. Mechanical dust collectors. 

2. Electrical dust collectors. 

 

Mechanical dust collectors. Mechanical dust collectors are sub-divided into wet and dry types. In wet 

type collectors also known as scrubbers water sprays are used to wash dust from the air. The basic 

principles of mechanical dust collectors are shown in Fig. 4.38. As shown in Figure (a) by increasing 

the cross-sectional area of duct through which dust laden gases are passing, the velocity of gases is 

reduced and causes heavier dust particles to fall down. Changing the direction of flow [Figure (b)] of 

flue gases causes the heavier particles of settle out. Sometime baffles are provided as shown in Figure 

(c) to separate the heavier particles. 
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Dry type dust collectors include gravitational, cyclone, louvred and baffle dust collectors. 

A cyclone dust collector uses a downward flowing vortex for dust laden gases along the inner walls. 

The clean gas leaves from an inner upward flowing vortex. The dust particles fall to the bottom due to 

centrifuging action. 

 

 

Electrostatic Precipitators 

It has two sets of electrodes, insulated from each other that maintain an electrostatic field 

between them at high voltage. The flue gases are made to pass between these two sets of electrodes. 

The electric field ionises the dust particle; that pass through it attracting them to the electrode of 

opposite charge. The other electrode is maintained at a negative potential of 30,000 to 60,000 volts. 

The dust particles are removed from the collecting electrode by rapping the electrode periodically. The 

electrostatic precipitator is costly but has low maintenance cost and is frequently employed with 

pulverised coal fired power stations for its effectiveness on very fine ash particles and is superior to 

that of any other type. 

 

Depending on the type of fuel and the power of bailer the ash collection in industrial boilers and 

thermal power stations can be effected by mechanical ash collectors, fly ash scrubbers and electrostatic 

precipitators. For fly ash scrubbers of large importance is the content of free lime (CaO) in the ash. 

With a high concentration of  aO the ash can be cemented and impair the operation of a scrubber. The 

efficiency of operation of gas cleaning devices depends largely on the physico-chemical properties of 

the collected ash and of the entering waste gases. 
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Following are the principal characteristics of the fly ash: 

(i) Density 

(ii) Dispersity (Particle size) 

(iii) Electric resistance (For electrostatic precipitators) 

(iv) Coalescence of ash particles. 

 

Due to increasing boiler size and low sulphur high ash content coal the problem of collecting fly ash is 

becoming increasingly complex. Fly ash can range from very fine to very coarse size depending on the 

source. Particles colour varies from light tan to grey to black. Tan colour indicates presence of ion 

oxide while dark shades indicate presence of unburnt carbon. Fly ash particles size varies between 1. 

Micron (l •) to 300 •. Fly ash concentration in flue gases depends upon mainly the following factors: 

 

(i) Coal composition. 

(ii) Boiler design and capacity. 

 

Percentage of ash in coal directly contributes to fly ash emission while boiler design and operation 

determine the percentage retained in the furnace as bottom ash and fly ash carried away by flue gas. 

Fly ash concentration widely varies around 20-90 g/mm3 depending on coal and boiler design. Fly ash 

particle size distribution depends primarily on the type of boiler such as pulverised coal fired boiler 

typically produces coarser particles then cyclone type boilers. Electrostatic precipitator (ESP) is quite 

commonly used for removal of fly ash from flue gases. 

 

 

Combustion equipment for burning coal 

 

MECHANICAL FIRING (STOKERS) 
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Mechanical stokers are commonly used to feed solid fuels into the furnace in medium and large size 

power plants. 

The various advantages of stoker firing are as follows : 

(i) Large quantities of fuel can be fed into the furnace. Thus greater combustion capacity is 

achieved. 

(ii) Poorer grades of fuel can be burnt easily. 

(iii) Stoker save labour of handling ash and are self-cleaning. 

(iv) By using stokers better furnace conditions can be maintained by feeding coal at a uniform 

rate. 

(v) Stokers save coal and increase the efficiency of coal firing. The main disadvantages of 

stokers are their more costs of operation and repairing resulting from high furnace temperatures. 

 

1. Overfeed Principle.  

According to this principle (Figure) the primary air enters the grate from the bottom. The air while 

moving  through the grate openings gets heated up and air while moving through the grate openings 

gets heated up and the grate is cooled. 

 
The hot air that moves through a layer of ash and picks up additional energy. The air then passes 

through a layer of incandescent coke where oxygen reacts with coke to form-C02 and water vapours 

accompanying the air react with incandescent coke to form CO2, CO and free H2. The gases leaving 

the surface of fuel bed contain volatile matter of raw fuel and gases like CO2, CO, H2, N2 and H2O. 

Then additional air known as secondary air is supplied to burn the combustible gases. The combustion 

gases entering the boiler consist of N2, CO2, O2 and H2O and also CO if the combustion is not 

complete. 

 

2. Underfeed Principle. Fig. 4.14 shows underfeed principle. In underfeed principle air entering 

through the holes in the grate comes in contact with the raw coal (green coal). 
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Then it passes through the incandescent coke where reactions similar to overfeed system take place. 

The gases produced then passes through a layer of ash. The secondary air is supplied to burn the 

combustible gases. Underfeed principle is suitable for burning the semi-bituminous and bituminous 

coals. 

 

Types of Stokers. The various types of stokers are as follows: 

 
 

Charging of fuel into the furnace is mechanized by means of stokers of various types. They are 

installed above the fire doors underneath the bunkers which supply the fuel. The bunkers receive the 

fuel from a conveyor. 

 

(i) Chain Grate Stoker. Chain grate stoker and traveling grate stoker differ only in grate construction. 

A chain grate stoker (Figure) consists of an endless chain which forms a support for the fuel bed. 
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The chain travels over two sprocket wheels, one at the front and one at the rear of furnace. The 

traveling chain receives coal at its front end through a hopper and carries it into the furnace. The ash is 

tipped from the rear end of chain. The speed of grate (chain) can be adjusted to suit the firing 

condition. The air required for combustion enters through the air inlets situated below the grate. 

Stokers are used for burning non-coking free burning high volatile high ash coals. Although initial cost 

of this stoker is high but operation and maintenance cost is low. 

 

The traveling grate stoker also uses an endless chain but differs in that it carries small grate bars which 

actually support the fuel fed. It is used to burn lignite, very small sizes of anthracites coke breeze etc. 

 

The stokers are suitable for low ratings because the fuel must be burnt before it reaches the rear of the 

furnace. With forced draught, rate of combustion is nearly 30 to 50 lb of coal per square foot of grate 

area per hour, for bituminous 20 to 35 pounds per square foot per hour for anthracite. 

 

(ii) Spreader Stoker. A spreader stoker is shown in Fig. 4.17. In this stoker the coal from the hopper 

is fed on to a feeder which measures the coal in accordance to the requirements. Feeder is a rotating 

drum fitted with  blades. Feeders can be reciprocating rams, endless belts, spiral worms etc. From the 

feeder the coal drops on to spreader distributor which spread the coal over the furnace. The spreader 

system should distribute the coal evenly over the entire grate area. The spreader speed depends on the 

size of coal. 
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Advantages 

The various advantages of spreader stoker are as follows: 

1. Its operation cost is low. 

2. A wide variety of coal can be burnt easily by this stoker. 

3. A thin fuel bed on the grate is helpful in meeting the fluctuating loads. 

4. Ash under the fire is cooled by the incoming air and this minimizes clinkering. 

5. The fuel burns rapidly and there is little coking with coking fuels. 

Disadvantages 

1. The spreader does not work satisfactorily with varying size of coal. 

2. In this stoker the coal burns in suspension and due to this fly ash is discharged with flue gases which 

requires an efficient dust collecting equipment. 

 

(iii) Multi-retort Stoker. A multi-retort stoker is shown in Figure. The coal falling from the hopper is 

pushed forward during the inward stroke of stoker ram. The distributing rams (pushers) then slowly 

move the entire coal bed down the length of stoker. The length of stroke of pushers can be varied as 

desired. The slope of stroke helps in moving the fuel bed and this fuel bed movement keeps it slightly 

agitated to break up clinker formation. The primary air enters the fuel bed from main wind box situated 

below the stoker. Partly burnt coal moves on to the extension grate. A thinner fuel bed on the extension 

grate requires lower air pressure under it. The air entering from the main wind box into the extension 

grate wind box is regulated by an air damper. 
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As sufficient amount of coal always remains on the grate, this stoker can be used under large boilers 

(upto 500,000 lb per hr capacity) to obtain high rates of combustion. Due to thick fuel bed the air 

supplied from the main wind box should be at higher pressure. 

 

 

 

 

Coal is pulverized (powdered) to increase its surface exposure thus permitting rapid combustion. 

Efficient use of coal depends greatly on the combustion process employed. 

For large scale generation of energy the efficient method of burning coal is confined still to pulverized 

coal combustion. The pulverized coal is obtained by grinding the raw coal in pulverizing mills. The 

various pulverising mills used are as follows: 

(i) Ball mill  

(ii) Hammer mill 

(iii) Ball and race mill  

(iv) Bowl mill. 

The essential functions of pulverising mills are as follows:  

(i) Drying of the coal  
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(ii) Grinding 

(iii) Separation of particles of the desired size. 

Proper drying of raw coal which may contain moisture is necessary for effective grinding. 

The coal pulverising mills reduce coal to powder form by three actions as follows: 

(i) Impact  

(ii) Attrition (abrasion)  

(iii) Crushing. 

Most of the mills use all the above mentioned all the three actions in varying degrees. In impact type 

mills hammers break the coal into smaller pieces whereas in attrition type the coal pieces which rub 

against each other or metal surfaces to disintegrate. In crushing type mills coal caught between metal 

rolling surfaces gets broken into pieces. The crushing mills use steel balls in a container. These balls 

act as crushing elements. 

 

 
 

BALL MILL 

A line diagram of ball mill using two classifiers is shown in Figure. It consists of a slowly rotating 

drum which is partly filled with steel balls. Raw coal from feeders is supplied to the classifiers from 

where it moves to the drum by means of a screw conveyor. 
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As the drum rotates the coal gets pulverized due to the combined impact between coal and steel balls. 

Hot air is introduced into the drum. The powdered coal is picked up by the air and the coal air mixture 

enters the classifiers, where sharp changes in the direction of the mixture throw out the oversized coal 

particles. The over-sized particles are returned to the drum. The coal air mixture from the classifier 

moves to the exhauster fan and then it is supplied to the burners. 

 

BALL AND RACE MILL 

Figure shows a ball and race mill. In this mill the coal passes between the rotating elements again and 

again until it has been pulverized to desired degree of fineness. The coal is crushed between two 

moving surfaces namely balls and races. The upper stationary race and lower rotating race driven by a 

worm and gear hold the balls between them. The raw coal supplied falls on the inner side of the races. 

The moving balls and races catch coal between them to crush it to a powder. The necessary force 

needed for crushing is applied with the help of springs. The hot air supplied picks up the coal dust as it 

flows between the balls and races, and then enters the classifier. Where oversized coal particles are 
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returned for further grinding, where as the coal particles of required size are discharged from the top of 

classifier. 

 

 
 

In this mill coal is pulverized by a combination of' crushing, impact and attrition between the grinding 

surfaces. The advantages of this mill are as follows : 

(i) Lower capital cost  

(ii) Lower power consumption 

(iii) Lower space required  

(iv) Lower weight. 

 

The use of pulverized coal has now become the standard method of firing in the large boilers. The 

pulverized coal burns with some advantages that result in economic and flexible operation of steam 

boilers. 

 

Preparation of pulverized fuel with an intermediate bunker is shown in Figure. The fuel moves to the 

automatic balance and then to the feeder and ball mill through which hot air is blown. It dries the 

pulverized coal and carries it from the mill to separator. 

 

The air fed to the ball mill is heated in the air heater. In the separator dust (fine pulverized coal) is 

separated from large coal particles which are returned to the ball mill for regrinding. The dust moves to 
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the cyclone. Most of the dust (about 90%) from cyclone moves to bunker. The remaining dust is mixed 

with air and fed to the burner. 

 

Coal is generally ground in low speed ball tube mill. It is filled to 20-35% of its volume. With steel 

balls having diameter varying from 30-60 mm. The steel balls crush and ground the lumps of coal. 

The average speed of rotation of tube or drum is about 18-20 r.p.m. [Figure]. 

 

 
 

Advantages 

The advantages of using pulverized coal are as follows: 

1. It becomes easy to burn wide variety of coal. Low grade coal can be burnt easily. 

2. Powdered coal has more heating surface area. They permits rapids and high rates of combustion. 

3. Pulverized coal firing requires low percentage of excess air. 

4. By using pulverized coal, rate of combustion can be adjusted easily to meet the varying load. 

5. The system is free from clinker troubles. 

6. It can utilize highly preheated air (of the order of 700°F) successfully which promotes rapid flame 

propagation. 

7. As the fuel pulverising equipment is located outside the furnace, therefore it can be repaired without 

cooling the unit down. 

8. High temperature can be produced in furnace. 

 

Disadvantages 

1. It requires additional equipment to pulverize the coal. The initial and maintenance cost of the 

equipment is high. 
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2. Pulverized coal firing produces fly ash (fine dust) which requires a separate fly ash removal 

equipment. 

3. The furnace for this type of firing has to be carefully designed to withstand for burning the 

pulverized fuel because combustion takes place while the fuel is in suspension. 

4. The flame temperatures are high and conventional types of refractory lined furnaces are inadequate. 

It is desirable to provide water cooled walls for the safety of the furnaces. 

5. There are more chances of explosion as coal burns like a gas. 

6. Pulverized fuel fired furnaces designed to burn a particular type of coal can not be used to any other 

type of coal with same efficiency. 

7. The size of coal is limited. The particle size of coal used in pulverized coal furnace is limited to 70 

to 100 microns. 

 

SHAFT MILL 

Figure shows fuel pulverization with a shaft mill. The fuel from bunker is moved to feeder via 

automatic balance. Then from duct fuel goes to mill where it is crushed by beaters secured on the 

spindle of the mill rotor. 

 
The pulverised fuel is dried up and then blown into shaft by hot air. Secondary air is delivered into the 

furnace through holes to burn the fuel completely. 

STEAM CONDENSERS 
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Thermal efficiency of a closed cycle power developing system using steam as working fluid 

and working on Carnot cycle is given by an expression (T1 – T2)/T1. This expression of efficiency 

shows that the efficiency increases with an increase in temperature Tl and decrease in temperature T2. 

The maximum temperature T1 of the steam supplied to a steam prime mover is limited by material 

considerations. The temperature T2 (temperature at which heat is rejected) can be reduced to the 

atmospheric temperature if the exhaust of the steam takes place below atmospheric pressure. If the 

exhaust is at atmospheric pressure, the heat rejection is at 100°C. 

 

Low exhaust pressure is necessary to obtain low exhaust temperature. But the steam cannot be 

exhausted to the atmosphere if it is expanded in the engine or turbine to a pressure lower than the 

atmospheric pressure. Under this condition, the steam is exhausted into a vessel known as condenser 

where the pressure is maintained below the atmosphere by continuously condensing the steam by 

means of circulating cold water at atmospheric temperature. 

 

A closed vessel in which steam is condensed by abstracting the heat and where the pressure is 

maintained below atmospheric pressure is known as a condenser. The efficiency of the steam plant is 

considerably increased by the use of a condenser. In large turbine plants, the condensate recovery 

becomes very important and this is also made possible by the use of condenser. 

The steam condenser is one of the essential components of all modern steam power plants. 

Steam condensers are of two types: 

1. Surface condenser. 2. Jet condensers 

 

SURFACE CONDENSERS 

In surface condensers there is no direct contact between the steam and cooling water and the 

condensate can be re-used in the boiler: In such condenser even impure water can be used for cooling 

purpose whereas the cooling water must be pure in jet condensers. Although the capital cost and the 

space needed is more in surface condensers but it is justified by the saving in running cost and increase 

in efficiency of plant achieved by using this condenser. Depending upon the position of condensate 

extraction pump, flow of condensate and arrangement of tubes the surface condensers may be 

classified as follows: 
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(i) Down flow type. Figure shows a sectional view of dawn flow condenser. Steam enters at the top 

and flows downward. The water flowing through the tubes in one direction lower half comes out in the 

opposite direction in the upper half Fig. 1.10 shows a longitudinal section of a two pass down-flow 

condenser. 
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(ii) Central flow condenser 

Figure shows a central flow condenser. In this condenser the steam passages are all around the 

periphery of the shell. Air is pumped away from the centre of the condenser. The condensate moves 

radially towards the centre of tube nest. Some of the exhaust steams while moving towards the centre 

meets the undercooled condensate and pre-heats it thus reducing undercooling. 

 

 
 

(iii) Evaporation condenser 

In this condenser (Figure) steam to be condensed is passed through a series of tubes and the cooling 

waterfalls over these tubes in the form of spray. A steam of air flows over the tubes to increase 

evaporation of cooling water, which further increases the condensation of steam. 
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ADVANTAGES AND DISADVANTAGES OF A SURFACE CONDENSER 

The various advantages of a surface condenser are as follows: 

1. The condensate can be used as boiler feed water. 

2. Cooling water of even poor quality can be used because the cooling water does not come in 

direct contact with steam. 

3. High vacuum (about 73.5 cm of Hg) can be obtained in the surface condenser. This increases 

the thermal efficiency of the plant. 

The various disadvantages of' the surface condensers are as follows: 

1. The capital cost is more. 

2. The maintenance cost and running cost of this condenser is high. 

3. It is bulky and requires more space. 

 

REQUIREMENTS OF A MODERN SURFACE CONDENSER 

The requirements of ideal surface condenser used for power plants are as follows: 

1. The steam entering the condenser should be evenly distributed over the whole cooling surface of the 

condenser vessel with minimum pressure loss. 

2. The amount of cooling water being circulated in the condenser should be so regulated that the 

temperature of cooling water leaving the condenser is equivalent to saturation temperature of steam 

corresponding to steam pressure in the condenser. 

This will help in preventing under cooling of condensate. 

3. The deposition of dirt on the outer surface of tubes should be prevented. 

Passing the cooling water through the tubes and allowing the steam to flow over the tubes 

achieve this. 

4. There should be no air leakage into the condenser because presence of air destroys the vacuum in 

the condenser and thus reduces the work obtained per kg of steam. If there is leakage of air into the 

condenser air extraction pump should be used to remove air as rapidly as possible. 

 

JET CONDENSERS 

In jet condensers the exhaust steam and cooling water come in direct contact with each other. The 

temperature of cooling water and the condensate is same when leaving the condensers. Elements of the 

jet condenser are as follows: 

1. Nozzles or distributors for the condensing water. 
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2. Steam inlet. 

3. Mixing chambers: They may be (a) parallel flow type (b) counter flow type depending on whether 

the steam and water move in the same direction before condensation or whether the flows are opposite. 

4. Hot well. 

In jet condensers the condensing water is called injection water. 

 

TYPES OF JET CONDENSERS 

1. Low level jet condensers (Parallel flow type). In this condenser (Figure) water is sprayed through 

jets and it mixes with steam. The air is removed at the top by an air pump. In counter flow type of 

condenser the cooling water flows in the downward direction and the steam to be condensed moves 

upward. 

 

 
2. High level or Barometric condenser. Fig. 1.14 shows a high-level jet condenser. The condenser 

shell is placed at a height of 10.33 m (barometric height) above the hot well. As compared to low level 

jet condenser. This condenser does not flood the engine if the water extraction pump fails. A separate 

air pump is used to remove the air. 
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3. Ejector Condenser. Figure shows an ejector condenser. In this condenser cold water is discharged 

under a head of about 5 to 6 m through a series of convergent nozzles. The steam and air enter the 

condenser through a non-return valve. Mixing with water condenses steam. Pressure energy is partly 

converted into kinetic energy at the converging cones. In the diverging come the kinetic energy is 

partly converted into pressure energy and a pressure higher than atmospheric pressure is achieved so as 

to discharge the condensate to the hot well. 
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UNIT III NUCLEAR AND HYDEL POWER PLANTS 

THE ATOMIC STRUCTURE 

In 1803 John Dalton, attempting to explain the laws of chemical combination, propose his simple but 

incomplete atomic hypothesis. He postulated that all elements consists of indivisible minute particles 

of matter, atoms, that were different for different elements and preserved their identity in chemical 

reactions. In 1811 Amadeo Avo-gadro introduced the molecular theory based on the molecule, a 

particle of matter composed of a finite number of atoms. It is now known that the atoms are themselves 

composed of sub particles, common among atoms of all elements. 

 

An atom consists of a relatively heavy, positively charged nucleus and a number of much lighter 

negatively charged electrons that exist in various orbits around the nucleus. The nucleus, in turn, 

consists of sub particles, called nucleons. Nucleons at primarily of two kinds: the neutrons, which are 

electrically neutral, and the proton: which are positively charged. The electric charge on the proton is 

equal in magnitude but opposite in  sign to that on the electron. The atom as a whole is electrically 

neutral the number of protons equals the number of electrons in orbit. One atom may be transformed 

into another by losing or acquiring some of the above sub particles. Such reactions result in a change in 

mass Am and therefore release (or absorb) large quantities of energy DE, according to Einstein’s law 

 
where c is the speed of light in vacuum and g,. is the familiar engineering conversion factor. Above 

equation applies to all processes, physical, chemical, or nuclear, in which energy is released or 

absorbed. Energy is, however, classified as nuclear if it is associated with changes in the atomic 

nucleus. 

 

Figure 10.1 shows three atoms. Hydrogen has a nucleus composed of one proton, no neutrons, and one 

orbital electron. It is the only atom that has no neutrons. Deuterium has one proton and one neutron in 

its nucleus and one orbital electron. Helium contains two protons, two neutrons, and two electrons. The 

electrons exist in orbits, and each is quantitized as a lumped unit charge as shown. Most of the mass of 

the atom is in the nucleus. The masses of the three primary atomic sub particles are 

Neutron mass mn = 1.008665 amu 

Proton mass mP = 1.007277 amu 
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Electron mass me = 0.0005486 amu. The abbreviation amu, for atomic mass unit, is a unit of mass 

approximately equal to 1.66 × 10–27 kg, or 3.66 × 10–2 lb. These three particles are the primary building 

blocks of all atoms. Atoms differ in their mass because they contain varying numbers of them. 

 

Atoms with nuclei that have the same number of protons have similar chemical and physical 

characteristics and differ mainly in their masses. They are called isotopes. For example, deuterium, 

frequently called heavy hydrogen, is an isotope of hydrogen. It exists as one part in about 6660 in 

naturally occurring hydrogen. When combined with oxygen, ordinary hydrogen and deuterium form 

ordinary water (or simply water) and heavy water, respectively. 

 

The number of protons in the nucleus is called the atomic number Z. The total number of nucleons in 

the nucleus is called the mass number A. 

 

 
 

As the mass of a neutron or a proton is nearly 1 amu, A is the integer nearest the mass of the nucleus 

which in turn is approximately equal to the atomic mass of the atom. Isotopes of the same element thus 

have the same atomic number but differ in mass number. Nucleus symbols are written conventionally 

as 

ZXA 

where X is the usual chemical symbol. Thus the hydrogen nucleus is 1H1, deuterium is 1H2 (and 

sometimes D), and ordinary helium is 2He1. For particles containing no protons, the subscript 

indicates the magnitude and sign of the electric charge. The an electron is – e° (sometimes e or  ) and 

a neutron is 0n•. Symbols are also often written in the form He-4, helium-4, etc. Another system of 

notation, written as 7. will not be used in this text. 

 

FISSION 
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Unstable (radioactive) elements spontaneously split (radioactive decay), emitting high energy particles. 

Collision of particles with other atomic nuclei can trigger further nuclear decompositions. A small 

amount of mass is converted into a large amount of energy, when atomic nuclei are split.  

Einstein equation: E = mc2 

Conversion of mass to energy. E = energy, m = mass converted, c = speed of light 

 

CRITICAL MASS 

There is a threshold mass of a radioactive isotope at which the flux density of radioactive particles will 

sustain a chain reaction. If this reaction is uncontrolled the result is an atomic bomb explosion. If the 

radiation fluxes are controlled and limited, we call it a nuclear reactor, which can be the basis of an 

electric power plant. 

 

 

 

ALPHA RADIATION 

Alpha is quickly absorbed by matter because the particles have a large probability of collision with 

nuclei. Sources external to the human body cause radiation absorption within the thickness of the skin. 

Radiation from airborne particles in the lung are absorbed by surface membranes lining the lung. 

Alpha emitters ingested with food cause radiation absorption by the lining of the gut. The risk of 

genetic damage to adult organisms is very small because absorption takes place in surface cells. 

 

BETA PARTICLES 

Beta particles penetrate to the deepest parts of the body and can cause genetic damage and disrupt the 

function of cells anywhere in the body. Building walls and earthwork provide substantial shielding. 

 

GAMMA PARTICLES 
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Gamma has the greatest penetration due to their small cross-section. Gamma particles can pass through 

ordinary materials. Effective shielding requires blankets of lead. Gamma radiation is a danger to all 

cells in the body. 

 

HALF LIFE, T 

Time for half the atomic nuclei to spontaneously split. The amount decays exponentially 

N = No exp (– t/T) 

N = Amount of radioactive material, 

No = Initial amount, 

t = Elapsed time 

 

ETHICAL PROBLEMS IN NUCLEAR POWER REGULATION 

The Atomic Energy Commission (AEC), was formed to create a civilian nuclear energy industry, and 

had conflicting responsibilities: 

•• Promoting Nuclear Power 

—funded research in plant design 

—subsidized production of nuclear fuel 

• Regulating Plant Safety 

—defined safety procedures, poor enforcement 

—inspecting, certifying plants 

—certifying operators, poor training 

As a result of these conflicting interests 

• No Long Term Waste Dispotal Plan was Completed 

—wastes are still accumulating in temporary storage 

—radioactive waste? NIMBY 

• Future Termination/Cleanup Costs are not Factored into Current Electric Rates 

• Power Companies are Largely Self-Regulated 

—avoid reporting radiation release or do not monitor releases. 

—avoid safety regulations to save money. 

Internal conflicts of the AEC were supposed to be resolved by splitting the promotional and regulatory 

duties between the new agencies: 

Nuclear Regulatory Commission (NRC) – safety and standards 
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Dept. of Energy (DOE) – research, promotion, waste disposal, and fuel rod production. 

 

NUCLEAR FUSION AND FISSION 

Nuclear reactions of importance in energy production are fusion, fission, and radioactivity. Infusion, 

two or more light nuclei fuse to form a heavier nucleus. In fission, a heavy nucleus is split into two or 

more lighter nuclei. In both, there is a decrease in mass resulting in exothermic energy. 

The same as in force =(1/g) × mass × acceleration. 

 

 

FUSION 

Energy is produced in the sun and stars by continuous fusion reactions in which four nuclei of 

hydrogen fuse in a series of reactions involving other particles that continually appear and disappear in 

the course of the reactions, such as He, nitrogen, carbon, and other nuclei, but culminating in one 

nucleus of helium and two positrons resulting in a decrease in mass of about 0.0276 amu, 

corresponding to 25.7 MeV. 

41H1 = 2He4 + 2+1e0 

The heat produced in these reactions maintains temperatures of the order of several million degrees in 

their cores and serves to trigger and sustain succeeding reactions. On earth, although fission preceded 

fusion in both weapons and power generation. the basic fusion reaction was discovered first, in the 

1920s, during research on particle accelerators. Artificially produced fusion may be accomplished 

when two light atom fuse into a larger one as there is a much greater probability of two particles 

colliding than of four. The 4-hydrogen reaction requires, on an average, billions of years for 

completion, whereas the deuterium-deuterium reaction requires a fraction of a second. To cause fusion, 

it is necessary to accelerate the positively charged nuclei to high kinetic energies, in order to overcome 

electrical repulsive forces, by raising their temperature to hundreds of millions of degrees resulting in a 

plasma. The plasma must be prevented from contacting the walls of the container, and must be 

confined for a period of time (of the order of a second) at a minimum density. Fusion reactions are 
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called thermonuclear because very high temperatures are required to trigger and sustain them. Table 

10.2 lists the possible fusion reactions and the energies produced by them. 

 

 

n, p, D, and T are the symbols for the neutron, proton, deuterium and tritium respectively. 

 

Many problems have to be solved before an artificially made fusion reactor becomes a reality. The 

most important of these are the difficulty in generating and maintaining high temperatures and the 

instabilities in the medium (plasma), the conversion of fusion energy to electricity, and many other 

problems of an operational nature. Fusion power plants will not be covered in this text. 

 

Fission 

Unlike fusion, which involves nuclei of similar electric charge and therefore requires high kinetic 

energies, fission can be caused by the neutron, which, being electrically neutral, can strike and fission 

the positively charged nucleus at high, moderate, or low speeds without being repulsed. Fission can be 

caused by other particles, but neutrons are the only practical ones that result in a sustained reaction 

because two or three neutrons are usually released for each one absorbed in fission. These keep the 

reaction going. There are only a few fissionable isotopes U235, Pu239 and U233 are fissionable by 

neutrons of all energies. 

 

The immediate (prompt) products of a fission reaction, such as Xe° and Sry4 above, are called fission 

fragments. They, and their decay products , are called fission products. Figure shows fission product 

data for U235 by thermal and fast neutrons and for U233 and Pu239 by thermal neutrons 1841. The 

products are represented by their mass numbers. 
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Nuclear Power Plant 

Working Principle:  

 

A nuclear power plant differs from a conventional steam power plant only in the steam generating part. 

There is no change in the turbo-alternator and the condensing system. The nuclear fuel which is at 

present in commercial use is uranium. Scientists say that 1 kg of uranium can produce as much energy 

as can be produced by burning 4500 tonnes of high grade coal. 

 

To understand how nuclear fission works, refer the below image. 
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Uranium exists in the isotopic form of U235 which is unstable. When a neutron enters the nucleus of 

U235, the nucleus splits into two equal fragments and also releases 2.5 fast moving neutrons with a 

velocity of 1.5*10^7 meters/sec producing a large amount of energy, nearly 200 million electron-volts. 

This is called “nuclear fission”. 

Chain reaction:  

 

The neutrons released during the fission can be made to fission other nuclei of U235 causing a chain 

reaction. A chain reaction produces enormous amount of heat, which is used to produce steam. 

 

The chain reaction under uncontrolled conditions can release extremely large amounts of energy 

causing “atomic explosion”. 

 

Energy liberated in chain reaction, according to Einstein law, is E=mv^2, where E=energy liberated, 

m=mass in grams, v= speed of light = 3*10^10 cm/sec. 

 

Out of 2.5 neutrons released in fission of each nuclei of U235, one neutron is used to sustain the chain 

reaction, 0.9 neutron is converted into fissionable material Pu239 and 0.6 neutron is absorbed by 

control rod and coolant moderator. 

 

Function of the moderator is to reduce the energy of neutrons evolved during fission in order to 

maintain the chain reaction. The moderators which are commonly used are ordinary water and heavy 

water. 
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Main components of a nuclear power plant 

 

 
 

Nuclear reactor:  

A nuclear reactor may be regarded as a substitute for the boiler fire box of a steam power plant. Heat is 

produced in the reactor due to nuclear fission of the fuel U235. the heat liberated in the reactor is taken 

up by the coolant circulating through the core. Hot coolant leaves the reactor at top and flows into the 

steam generator (boiler). 

 

Radiation hazards and shielding: 

The reactor is a source of intense radio-activity. These radiations are very harmful to human life. It 

requires strong control to ensure that this radio-activity is not released into the atmosphere to avoid 

atmospheric pollution. A thick concrete shielding and a pressure vessel are provided to prevent the 

escape of these radiations to atmosphere. 

 

Types of reactors:  

Pressurized water reactor 

Boiling water reactor 

Heavy water-cooled reactor. 
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Steam generator:  

The steam generator is fed with feed water which is converted into steam by heat of the hot coolant. 

The purpose of the coolant is to transfer the heat generated in the reactor core and use it for steam 

generation. Ordinary water or heavy water is a common coolant. 

 

Turbine  

The steam produced in the steam generator is passed to the turbine and work is done by the expansion 

of steam in the turbine. 

 

Coolant pumps and feed pump 

The steam from the turbine flows to the condenser where cooling water is circulated. Coolant pump 

and feed pump are provided to maintain the flow of the coolant and feed water respectively. 

 

Advantages of nuclear power plant 

It can be easily adopted where water and coal resources are not available. 

• The nuclear power plant requires very small quantity of fuel. Hence fuel transportation cost is 

less. 

• Space requirement is less compared to other power plants of equal capacity. 

• It is not affected by adverse weather conditions. 

• Fuel storage facilities are not needed as in case of the thermal power plant. 

• Nuclear power plant will conserve the fossil fuels (coal, petroleum) for other energy needs. 

• Number of workmen required at nuclear plant is far less than thermal plant. 

• It does not require large quantity of water. 

Disadvantages of nuclear power plant 

 

Radio-active wastes, if not disposed carefully, have adverse effect on the health of workmen and the 

population surrounding the plant. 

• It is not suited for varying load conditions. 

• It requires well-trained personnel. 

• It requires high initial cost compared to hydro or thermal power plants 
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Figure shows a simplified schematic of a BWR. Light water, which acts as the coolant and moderator, 

passes through the core where boiling takes place in the upper part of the core. The wet steam then 

passes through a bank of moisture separators and steam dryers in the upper part of the pressure vessel. 

The water that is not vaporized to steam is recirculated through the core with the entering feed-water 

using two recirculation pumps coupled to jet pumps (usually 10 or 12 per recirculation pump). The 

steam leaving the top of the pressure vessel is at saturated conditions of 1,040 psia (7.2 MPa) and 533° 

F (278° C). The steam then expands through a turbine coupled to an electrical generator. After 

condensing to liquid in the condenser, the liquid is returned to the reactor as feed water. Prior to 

entering the reactor, the feed water is preheated in several stages of feed water heaters. The balance of 

plant systems (e.g., turbine generator, feedwater heaters) is similar for both PWR and BWRs. The 

BWR reactor core, like that in a PWR, consists of a large number of fuel rods housed in fuel 

assemblies in a nearly cylindrical arrangement. Each fuel assembly contains an 8 x 8 or 9 x 9 square 

array of 64 or 81 fuel rods (typically two of the fuel rods contain water rather than fuel) surrounded by 

a square Zircaloy channel box to ensure no coolant cross -flow in the core. The fuel rods are similar to 

the PWR rods, although larger in diameter. Each fuel rod is a zirconium alloy-clad tube containing 

pellets of slightly enriched uranium dioxide (2% to 5% U-235) stacked end-to end. 

 

The reactor is controlled by control rods housed in a cross-shaped, or cruciform, arrangement called a 

control element. The control elements enter from the bottom of the reactor and move in spaces 

between the fuel assemblies. The BWR reactor core is housed in a pressure vessel that is larger than 

that of a PWR. A typical BWR pressure vessel, which also houses the reactor core, moisture 

separators, and steam dryers, has a diameter of 21 ft (6.4 m), with a height of 72 ft (22 m). Since a 

BWR operates at a nominal pressure of 1,000 psia (6.9 MPa), its pressure vessel is thinner than that of 

a PWR. 
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SAFETY MEASURES FOR NUCLEAR POWER PLANTS 

Nuclear power plants should be located far away from the populated area to avoid the radioactive 

hazard. A nuclear reactor produces  •and ( •particles, neutrons and  -quanta which can disturb the 

normal functioning of living organisms. Nuclear power plants involve radiation leaks, health hazard to 

workers and community, and negative effect on surrounding forests. 

 

At nuclear power plants there are three main sources of radioactive contamination of air. 

(i) Fission of nuclei of nuclear fuels. 

(ii) The second source is due to the effect of neutron fluxes on the heat carrier in the primary cooling 

system and on the ambient air. 

(iii) Third source of air contamination is damage of shells of fuel elements. 

This calls for special safety measures for a nuclear power plant. Some of the safety measures are as 

follows. 

(i) Nuclear power plant should be located away from human habitation. 

(ii) Quality of construction should be of required standards. 

(iii) Waste water from nuclear power plant should be purified. The water purification plants must have 

a high  efficiency of water purification and satisfy rigid requirements as regards the volume of 

radioactive wastes disposed to burial. 

(iv) An atomic power plant should have an extensive ventilation system. The main purpose of this 

ventilation system is to maintain the concentration of all radioactive impurities in the air below the 

permissible concentrations. 
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(v) An exclusion zone of 1.6 km radius around the plant should be provided where no public habitation 

is permitted. 

(vi) The safety system of the plant should be such as to enable safe shut down of the reactor whenever 

required. Engineered safety features are built into the station so that during normal operation as well as 

during a severe design basis accident the radiation dose at the exclusion zone boundary will be within 

permissible limits as per internationally accepted values. Adoption of a integral reactor vessel and end 

shield assemblies, two independent shut down systems, a high pressure emergency core cooling 

injection system and total double containment with suppression pool are some of the significant design 

improvements made in Narora Atomic 

Power Project (NAPP) design. With double containment NAPP will be able to withstand seismic 

shocks. 

 

In our country right from the beginning of nuclear power programme envisaged by our great 

pioneer Homi Bhabha in peaceful uses of nuclear energy have adopted safety measures of using double 

containment and moderation by heavy water one of the safest moderators of the nuclear reactors. 

 

(vii) Periodical checks be carried out to check that there is no increase in radioactivity than permissible 

in the environment. 

(viii) Wastes from nuclear power plant should be carefully disposed off. There should be no danger of 

pollution of water of river or sea where the wastes are disposed. In nuclear power plant design, 

construction, commissioning and operation are carried out as power international and national codes of 

protection with an overriding place given to regulatory processes and safety of plant operating 

personnel, public and environment. 

HYDRO ELECTRIC POWER PLANT 

Layout of hydro electric power plant 

Hydro-electric power plant utilizes the potential energy of water stored in a dam built across 

the river. The potential energy of the water is used to run water turbine to which the electric generator 

is coupled. The mechanical energy available at the shaft of the turbine is converted into electrical 

energy by means of the generator. 
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Water reservoir:  

Continuous availability of 

water is the basic necessity for a 

hydro-electric plant. Water collected 

from catchment area during rainy 

season is stored in the reservoir. 

Water surface in the storage reservoir 

is known as head race. 

Dam: 

Dams are structures built over 

rivers to stop the water flow and form 

a reservoir. The reservoir stores the 

water flowing down the river. This 

water is diverted to turbines in power 

stations. The dams collect water 

during the rainy season and stores it, 

thus allowing for a steady flow 

through the turbines throughout the 

year. Dams are also used for 

controlling floods and irrigation. The 

dams should be water-tight and 

should be able to withstand the 

pressure exerted by the water on it. 

There are different types of dams 

such as arch dams, gravity dams and 

buttress dams. The height of water in 

the dam is called head race. 

 

Schematic representation of the hydro-electric power plant. 

Spillway: 

A spillway as the name suggests could be called as a way for spilling of water from dams. It 

is used to provide for the release of flood water from a dam. It is used to prevent over toping of the 

dams which could result in damage or failure of dams. Spillways could be controlled type or 

uncontrolled type. The uncontrolled types start releasing water upon water rising above a particular 



Power Plant Engineering 
Fatima Michael College of Engineering and Technology, Madurai 

 
level. But in case of the controlled type, regulation of flow is possible. 

Penstock and Tunnel 

Penstocks are pipes which carry water from the reservoir to the turbines inside power station. 

They are usually made of steel and are equipped with gate systems. Water under high pressure flows 

through the penstock. A tunnel serves the same purpose as a penstock. It is used when an obstruction is 

present between the dam and power station such as a mountain 

Surge tank:  

There is sudden increase of pressure in the penstock due to sudden backflow of water, as load 

on the turbine is reduced. The sudden rise of pressure in the penstock is known as water hammer. The 

surge tank is introduced between the dam and the power house to keep in reducing the sudden rise of 

pressure in the penstock. Otherwise penstock will be damaged by the water hammer. 

Water turbine: 

Water through the penstock enters into the turbine through an inlet valve. Prime motors which 

are in common use are pelton turbine, francis turbine and kalpan turbine. The potential energy of water 

entering the turbine is converted into mechanical energy. The mechanical energy available at the 

turbine shaft is used to run the electric generator. The water is then discharged through the draft tube. 

Tail race 

Tail race is a water way to lead the water discharged from the turbine to the river. The water 

held in the tail race is called tail race water level. 

Power house: 

Power station contains a turbine coupled to a generator (see the cross section of a power house 

on the left). The water brought to the power station rotates the vanes of the turbine producing  torque 

and rotation of turbine shaft. This rotational torque is transferred to the generator and is converted into 

electricity. The used water is released through the tail race. The difference between head race and tail 

race is called gross head and by subtracting the frictional losses we get the net head available to the 

turbine for generation of electricity. 

Classification of hydro-power plants 

 Hydro-plants are classified according to the head of water under which they work. 

* When the operating head of water exceeds 70 meters, the plant is known as “high head power plant”. 

Peloton turbine is used as prime mover in such power plants. 

* When the head of water range is from 15 to 70 meters then the power plant is known as “medium 

head plant”. It uses francis turbine. 
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* When the head is less than 15 meters the plant is named as “low head plant”. It uses francis or 

Kaplan turbine as prime mover. 

Advantages of hydro-electric power plants 

1. Water is a renewable source of energy. Water which is the operating fluid, is neither consumed 

or converted into something else.. 

2. Water is the cheapest source of energy because it exists as a free gift of nature. The fuels 

needed for thermal, diesel and nuclear plants are exhaustible and expensive. 

3. There are no ash disposable problems as in case of thermal power plant. 

4. Hydro-plant does not pose the problem of air pollution as in the case of thermal plant or 

radiation hazards as in the case of nuclear plant. 

5. Variable loads do not affect the efficiency in the case of a hydro-plant. 

6. Life of hydro-plant is very long (1 or 2 centuries) compared with thermal plant ( 3 to 4 

decades). This is because the hydro-plants operate at atmospheric temperature, whereas thermal 

plants operate at very high temperature (about 500 to 800’c). 

7. Hydro plants provide additional benefits like irrigation, flood control, fishery and recreation. 

8. The water storage of hydro-plant can also be used for domestic water supply. 

9. Auxiliaries needed for the hydro-plant are less compared to thermal plant of equal capacity. 

10. It requires less supervising staff. 

11. Maintenance cost is low. 

Disadvantages of hydro-electric power plant: 

1. Hydro-plants are generally situated away from the load centres. Hence long transmission lines 

are required for delivery of power. This increases the cost of transmission lines and also 

transmission losses. But a thermal plant can be located near the load centre, thereby the 

transmission cost and transmission losses are considerably reduced. 

2. The power produced by hydro-plant depends upon the quantity of water which in turn is 

dependent upon the rainfall. The dry year affects the hydro power generation considerably. 

3. Initial cost of the plant is high. 

4. Erection of hydro-plant (construction of dam) usually takes a long period of time. 

 

 

Hydraulic turbine 
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A hydraulic turbine is a rotating machine that converts the power of moving water into 

electricity. The machine consists of a shaft that rotates a row of attached blades. Water hitting the 

blades causes the shaft to spin. There are different classifications of hydraulic turbines based on both 

the way the machine reacts to the movement and the pressure of water. 

1. Axial Flow Hydraulic Turbines: This category of Hydraulic Turbines has the flow path of the 

liquid mainly parallel to the axis of rotation. Kaplan Turbines has liquid flow mainly in axial 

direction. 

2. Radial Flow Hydraulic Turbines: Such Hydraulic Turbines has the liquid flowing mainly in a plane 

perpendicular to the axis of rotation. 

3. Mixed Flow Hydraulic Turbines: For most of the Hydraulic Turbines used there is a significant 

component of both axial and radial flows. Such types of Hydraulic Turbines are called as Mixed 

Flow Turbines. Francis Turbine is an example of mixed flow type, in Francis Turbine water enters 

in radial direction and exits in axial direction. 

None of the Hydraulic Turbines are purely axial flow or purely radial flow. There is always a 

component of radial flow in axial flow turbines and of axial flow in radial flow turbines. 

Classification of Hydraulic Turbines: Based on pressure change 

One more important criterion for classification of Hydraulic Turbines is whether the pressure of liquid 

changes or not while it flows through the rotor of the Hydraulic Turbines. Based on the pressure 

change Hydraulic Turbines can be classified as of two types. 

1. Impulse Turbine: The pressure of liquid does not change while flowing through the rotor of the 

machine. In Impulse Turbines pressure change occur only in the nozzles of the machine. One such 

example of impulse turbine is Pelton Wheel. 

2. Reaction Turbine: The pressure of liquid changes while it flows through the rotor of the machine. 

The change in fluid velocity and reduction in its pressure causes a reaction on the turbine blades; 

this is where from the name Reaction Turbine may have been derived. Francis and Kaplan 

Turbines fall in the category of Reaction Turbines. 

Hydraulic Turbines: The Pelton Turbine 

In a Pelton Turbine or Pelton Wheel water jets impact on the blades of the turbine making the 

wheel rotate, producing torque and power. Learn more about design, analysis, working principle and 

applications of Pelton Wheel Turbine. 

Hydraulic Turbines are being used from very ancient times to harness the energy stored in 

flowing streams, rivers and lakes. The oldest and the simplest form of a Hydraulic Turbine was the 
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Waterwheel used for grinding grains. Different types of Hydraulic Turbines were developed with the 

increasing need for power. Three major types are Pelton Wheel, Francis and Kaplan Turbine. 

Design of Pelton Wheel Turbine 

The Pelton Turbine has a circular disk mounted on the rotating shaft or rotor. This circular disk 

has cup shaped blades, called as buckets, placed at equal spacing around its circumference. Nozzles are 

arranged around the wheel such that the water jet emerging from a nozzle is tangential to the 

circumference of the wheel of Pelton Turbine. According to the available water head (pressure of 

water) and the operating requirements the shape and number of nozzles placed around the Pelton 

Wheel can vary. 

Working Principle of Pelton Turbine 

The high speed water jets emerging form the nozzles strike the buckets at splitters, 

placed at the middle of a bucket, from where jets are divided into two equal streams. 

These stream flow along the inner curve of the bucket and leave it in the direction 

opposite to that of incoming jet. The high speed water jets running the Pelton Wheel 

Turbine are obtained by expanding the high pressure water through nozzles to the 

atmospheric pressure. The high pressure water can be obtained from any water body 

situated at some height or streams of water flowing down the hills. 

 

The change in momentum (direction as well as speed) of water stream produces an impulse on the 

blades of the wheel of Pelton Turbine. This impulse generates the torque and rotation in the shaft of 

Pelton Turbine. To obtain the optimum output from the Pelton Turbine the impulse received by the 

blades should be maximum. For that, change in momentum of the water stream should be maximum 

possible. That is obtained when the water stream is deflected in the direction opposite to which it 

strikes the buckets and with the same speed relative to the buckets. 

Pelton Turbine Hydroelectric Setup 

A typical setup of a system generating electricity by using Pelton Turbine will have a water 

reservoir situated at a height from the Pelton Wheel. The water from the reservoir flows through a 

pressure channel to the penstock head and then through the penstock or the supply pipeline to the 

nozzles, from where the water comes out as high speed jets striking the blades of the Pelton Turbine. 

The penstock head is fitted with a surge tank which absorbs and dissipates sudden fluctuations in 

pressure. 
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For a constant water flow rate from the nozzles the speed of turbine changes with changing 

loads on it. For quality hydroelectricity generation the turbine should rotate at a constant speed. To 

keep the speed constant despite the changing loads on the turbine water flow rate through the nozzles 

is changed. To control the gradual changes in load servo controlled spear valves are used in the jets to 

change the flow rate. And for sudden reduction in load the jets are deflected using deflector plates so 

that some of the water from the jets do not strike the blades. This prevents over speeding of the turbine. 

Hydraulic Turbines: Francis Turbine 

In Francis Turbine water flow is radial into the turbine and exits the Turbine axially. Water 

pressure decreases as it passes through the turbine imparting reaction on the turbine blades making the 

turbine rotate.  

Francis Turbine is the first hydraulic turbine with radial inflow. It was designed by American 

scientist James Francis. Francis Turbine is a reaction turbine. Reaction Turbines have some primary 

features which differentiate them from Impulse Turbines. The major part of pressure drop occurs in the 

turbine itself, unlike the impulse turbine where complete pressure drop takes place up to the entry point 

and the turbine passage is completely filled by the water flow during the operation. 

 

 

 

Design of Francis Turbine 

Francis Turbine has a circular plate fixed to the rotating shaft perpendicular to its surface and 

passing through its center. This circular plate has curved channels on it; the plate with channels is 

collectively called as runner. The runner is encircled by a ring of stationary channels called as guide 

vanes. Guide vanes are housed in a spiral casing called as volute. The exit of the Francis turbine is at 

the center of the runner plate. There is a draft tube attached to the central exit of the runner. The design 

parameters such as, radius of the runner, curvature of channel, angle of vanes and the size of the 

turbine as whole depend on the available head and type of application altogether. 

Working of Francis Turbine 

Francis Turbines are generally installed with their axis vertical. 

Water with high head (pressure) enters the turbine through the spiral casing 

surrounding the guide vanes. The water looses a part of its pressure in the 

volute (spiral casing) to maintain its speed. Then water passes through guide  
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vanes where it is directed to strike the blades on the runner at optimum 

angles. As the water flows through the runner its pressure and angular 

momentum reduces. This reduction imparts reaction on the runner and power 

is transferred to the turbine shaft. 

 

If the turbine is operating at the design conditions the water leaves the runner in axial direction. 

Water exits the turbine through the draft tube, which acts as a diffuser and reduces the exit velocity of 

the flow to recover maximum energy from the flowing water. 

Power Generation using Francis Turbine 

For power generation using Francis Turbine the turbine is supplied with high pressure water 

which enters the turbine with radial inflow and leaves the turbine axially through the draft tube. The 

energy from water flow is transferred to the shaft of the turbine in form of torque and rotation. The 

turbine shaft is coupled with dynamos or alternators for power generation. For quality power 

generation speed of turbine should be maintained constant despite the changing loads. To maintain the 

runner speed constant even in reduced load condition the water flow rate is reduced by changing the 

guide vanes angle. 

Hydraulic Turbines: Kaplan Turbine 

Kaplan Turbine is designed for low water head applications. Kaplan Turbine has propeller like 

blades but works just reverse. Instead of displacing the water axially using shaft power and creating 

axial thrust, the axial force of water acts on the blades of Kaplan Turbine and generating shaft power. 

Most of the turbines developed earlier were suitable for large heads of water. With increasing demand 

of power need was felt to harness power from sources of low head water, such as, rivers flowing at low 

heights. For such low head applications Viktor Kaplan designed a turbine similar to the propellers of 

ships. Its working is just reverse to that of propellers. The Kaplan Turbine is also called as Propeller 

Turbine. 

Design of Kaplan Turbine 

To generate substantial amount of power from small heads of water using Kaplan Turbine it is 

necessary to have large flow rates through the turbine. Kaplan Turbine is designed to accommodate the 

required large flow rates. Except the alignment of the blades the construction of the Kaplan Turbine is 

very much similar to that of the Francis Turbine. The overall path of flow of water through the Kaplan 

Turbine is from radial at the entrance to axial at the exit. Similar to the  
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Francis Turbine, Kaplan Turbine also has a ring of fixed guide vanes at the inlet to the turbine. 

Unlike the Francis Turbine which has guide vanes at the periphery of the turbine rotor (called as runner 

in the case of Francis Turbine), there is a passage between the guide vanes and the rotor of the Kaplan 

Turbine. The shape of the passage is such that the flow which enters the passage in the radial direction 

is forced to flow in axial direction. The rotor of the Kaplan Turbine is similar to the propeller of a ship. 

The rotor blades are attached to the central shaft of the turbine. The blades are connected to the shaft 

with moveable joints such that the blades can be swiveled according to the flow rate and water head 

available. 

 

Working of the Kaplan Turbine 

The working head of water is low so large flow rates are allowed in 

the Kaplan Turbine. The water enters the turbine through the guide vanes 

which are aligned such as to give the flow a suitable degree of swirl 

determined according to the rotor of the turbine. The flow from guide vanes 

pass through the curved passage which forces the radial flow to axial 

direction with the initial swirl imparted by the inlet guide vanes which is 

now in the form of free vortex. The axial flow of water with a component of 

swirl applies force on the blades of the rotor and looses its momentum, both 

linear and angular, producing torque and rotation (their product is power) in 

the shaft. The scheme for production of hydroelectricity by Kaplan Turbine 

is same as that for Francis Turbine. 
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UNIT IV DIESEL AND GAS TURBINE POWER PLANTS 

BASIC TYPES OF IC ENGINES 

Although alike in main mechanical aspects, the oil engines differ from gas engines in fuels and fuel 

handling i.e., when fuel and air are injected how much charge is compressed and how ignited. Many 

variants exist. 
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TWO-STROKE, SPARK IGNITION GAS ENGINES/PETROL ENGINES 

The well-known automobile engine fueled with petrol (also called Gas) and Natural Gas Engine, Bio-

gas Engine is of this category. The low compression gas engine (petrol engine/natural gas engine) 

mixes fuel and air, outside the cylinder, before compression. With the automobile engine, a carburator 

is used for mixing the fuel and air and the mixture is injected in the cylinder. In a Natural Gas Engine, 

a mixing valve is used for the same purpose instead of the carburator. 

 

In the mixture, the gas fuel and air proportion is almost perfect to produce complete combustion 

without excess air. This mixture flows into the cylinder and is then compressed. Near the end of the 

compression stroke, an electric spark ignites the inflammable mixture, which burns rapidly. The 

pressure in the cylinder rises rapidly and acts on the piston area and the piston is forced to move down 

on its power stroke. 

 

Since the compressed gas mixture rises in pressure during the compression stroke, the mixture may get 

pre-ignited before the sparking resulting in loss of power. Hence compression pressure must be limited 

in this type of engine. Compression Ratio is therefore an important parameter in establishing 

combustion without pre-ignition. 

 

The compression ratio is the ratio of cylinder volumes at the start and at the end of compression stroke. 

 

In general, higher the compression ratio, higher will be the maximum pressure reached during 

combustion and higher is the efficiency of the engine. 

 

Although it is desirable to have a high compression ratio, the nature of fuel imposes limits in engines 

where a nearly perfect mixture is compressed. 

 

With natural gas for example the compression ratio might be about 5:1 and compression pressure of 

about 8 bar, pre-ignition being the limiting factor. 

 

DIESEL ENGINES/HEAVY OIL ENGINES 
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In contrast to the engines in which the fuel and air mixes before compression, in diesel engines: air is 

compressed as the compression stroke begins and the fuel enters the cylinder at the end of compression 

stroke. Heat of compression is used for ignition of fuel. 

 

In a typical diesel engine, air is compressed to about 30 bars, which increases the temperature when 

finely atomised diesel fuel oil is sprayed into the heated air, it ignites and burns. High compression 

ratio is therefore essential for reliable combustion and high efficiency. Compression ratios above those 

needed to achieve ignition do not improve the efficiency. 

 

The pressure ratio depends on engine speed, cylinder size and design factors. Typical compression 

pressures in diesel engines range from 30 bar to 42 bar. Small high-speed engines have higher 

compression pressures. 

 

DUEL FUEL ENGINES 

In a duel fuel engine, a small quantity of pilot oil is injected near the end of the compression stroke. It 

is ignited by the compression and the mixture burns like standard diesel fuel. The pilot oil burning 

provides enough heat to the mixture of gas/air. Precise control of pilot oil injection and a separate set 

of fuel pumps and nozzles are added. Means are provided to reduce air quantity at partial loads. 

 

 

HIGH COMPRESSION GAS ENGINES 

With operation solely on gas, without duel mixtures and pilot oil, the high Compression Gas Engines 

of today use slightly richer mixtures of fuel and air, with lower compression ratios than duel fuel 

engines. The compression ratios are higher than conventional gas engines and lower than duel fuel 

engines. There is no need of pilot oil. 

 

PERFORMANCE OF DIESEL ENGINE 

The performance of the diesel engine means the power and efficiency. The engine develops as 

the various parameters of the engine, e.g. piston speed, air-fuel ratio, compression ratio, inlet air-

pressure and temperature are varied. 
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The two usual conditions under which I.C. engines are operated are: (1) constant speed with 

variable load, and (2) variable speed with variable load. The first situation is found in a.c. generator 

drives and the second one in automobiles, railway engines and tractors etc. A series of tests are carried 

out on the engine to determine its performance characteristics, such as: indicated power (I.P.), Brake 

power (B.P.), Frictional Power (F.P.), Mechanical efficiency ( m), thermal efficiency, fuel 

consumption and also specific fuel consumption etc. Below, we shall discussed how these quantities 

are measured: 

 

INDICATED MEAN EFFECTIVE PRESSURE (IMEP) 

In order to determine the power developed by the engine, the indicator diagram of engine 

should be available. From the area of indicator diagram it is possible to find an average gas pressure 

that while acting on piston throughout one stroke would account for the network done. This pressure is 

called indicated mean effective pressure (I.M.E.P.). 

 

INDICATED HORSE POWER (IHP) 

The indicated horse power (I.H.P.) of the engine can be calculated as follows: 

I.H.P. = (P. L.A.N.n) / (4500*k) 

where  Pm = LM.E.P. in kg/cm2 

L = Length of stroke in metres 

A = Piston areas in cm2 

N = Speed in R.P.M. 

n = Number of cylinders 

k = 1 for two stroke engine 

= 2 for four stroke engine. 

 

BRAKE HORSE POWER (B.H.P.) 

Brake horse power is defined as the net power available at the crankshaft. It is found by measuring the 

output torque with a dynamometer. 

B.H.P. = (2• NT) / 4500 

where T = Torque in kg.m. 

N = Speed in R.P.M. 
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FRICTIONAL HORSE POWER (F.H.P.) 

The difference of I.H.P. and B.H.P. is called F.H.P. It is utilized in overcoming frictional resistance of 

rotating and sliding parts of the engine. 

F.H.P. = I.H.P. – B.H.P. 

 

INDICATED THERMAL EFFICIENCY 

It is defined as the ratio of indicated work to thermal input. 

 
 

BRAKE THERMAL EFFICIENCY (OVERALL EFFICIENCY) 

It is defined as the ratio of brake output to thermal input. 

 
 

MECHANICAL EFFICIENCY ( m) 

It is defined as the ratio of B.H.P. to L.H.P. Therefore, 

 
 

 

 

FUEL SYSTEM OF DIESEL POWER PLANT 

The fuel is delivered to the plant by railroad tank car, by truck or by barge and tanker and stored in the 

bulk storage situated outdoors for the sake of safety. From this main fuel tank, the fuel oil is transferred 

to the daily consumption tank by a transfer pump through a filter. The capacity of the daily 

consumption should be atleast the 8-hour requirement of the plant. This tank is located either above the 

engine level so that the fuel flows by gravity to the injection pump or below the engine level and the 

fuel oil is delivered to the injection pump by a transfer pump driven from the engine shaft, Figure Fuel 
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connection is normally used when tank-car siding or truck roadway is above tank level. If it is below 

tank level, then, an unloading pump is used to transfer fuel form tank car to the storage tank (dotted 

line).  

 

 
 

The five essential functions of a fuel injection system are: 

1. To deliver oil from the storage to the fuel injector. 

2. To raise the fuel pressure to the level required for atomization. 

3. To measure and control the amount of fuel admitted in each cycle. 

4. To control time of injection. 

5. To spray fuel into the cylinder in atomized form for thorough mixing and burning. 

 

The above functions can be achieved in a variety of ways. The following are the systems, which are 

usual on power station diesels: 

1. Common Rail. 

2. Individual Pump Injection. 

3. Distributor. 

 

1. COMMON RAIL INJECTION 

A typical common rail injection system is shown in Fig. 8.4. It incorporates a pump with built 

in pressure regulation, which adjusts pumping rate to maintain the desired injection pressure. The 

function of the pressure relief and timing valves is to regulate the injection time and amount. Spring-

loaded spray valve acts merely as a check. When injection valve lifts to admit high-pressure fuel to 
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spray valve, its needle rises against the spring. When the pressure is vented to the atmosphere, the 

spring shuts the valve. 

 

 
 

INDIVIDUAL PUMP INJECTION 

In this system, each fuel nozzle is connected to a separate injection pump, Figure The pump itself does 

the measuring of the fuel charge and control of the injection timing. The delivery valve in the nozzle is 

actuated by fuel-oil pressure. 

 
DISTRIBUTOR SYSTEM 

This system is shown in Figure. In this system, the fuel is metered at a central point i.e., the pump that 

pressurizes, meters the fuel and times the injection. From here, the fuel is distributed to cylinders in 

correct firing order by cam operated poppet valves, which open to admit fuel to nozzles. 



Power Plant Engineering 
Fatima Michael College of Engineering and Technology, Madurai 

 

 
 

LUBRICATION SYSTEM OF DIESEL POWER PLANT 

Since frictional forces causes wear and tear of rubbing parts of the engine and thereby the life of the 

engine is reduced. So the rubbing part requires that some substance should be introduced between the 

rubbing surfaces in order to decrease the frictional force between them. Such substance is called 

lubricant. The lubricant forms a thin film between the rubbing surfaces. And lubricant prevents metal 

to- metal contact. So we can say “Lubrication is the admission of oil between two surface having 

relative motion”. 

 

 

The main function of lubricant is to, 

1. To reduce friction and wear between the parts having relative motion by minimizing the force of 

friction and ensures smooth running of parts. 

2. To seal a space adjoining the surfaces such as piston rings and cylinder liner. 

3. To clean the surface by carrying away the carbon and metal particles caused by wear. 

4. To absorb shock between bearings and other parts and consequently reduce noise. 

5. To cool the surfaces by carrying away heat generated due to friction. 

6. It helps the piston ring to seal the gases in the cylinder. 

7. It removes the heat generated due to friction and keeps the parts cool. 

 

The various parts of an engine requiring lubrication are; 

1. Cylinder walls and pistons. 
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2. Main crankshaft bearings. 

3. Piston rings and cylinder walls. 

4. Big end bearing and crank pins. 

5. Small end bearing and gudgeon pin bearings. 

6. Main bearing cams and bearing valve tappet and guides 

7. Timing gears etc. 

8. Camshaft and cam shaft bearings. 

9. Valve mechanism and rocker arms. 

 

A good lubricant should possess the following properties: 

1. It should not change its state with change in temperature. 

2. It should maintain a continuous film between the rubbing surfaces. 

3. It should have high specific heat so that it can remove maximum amount of heat. 

4. It should be free from corrosive acids. 

5. The lubricant should be purified before it enters the engine. 

6. It should be free from dust, moisture, metallic chips, etc. 

7. The lubricating oil consumed is nearly 1% of fuel consumption. 

8. The lubricating oil gets heated because of friction of moving parts and should be cooled before 

recirculation. 

 

The cooling water used in the engine may be used for cooling the lubricant. Nearly 2.5% of heat of 

fuel is dissipated as heat, which is removed by the lubricating oil. The various lubricants used in 

engines are of three types: 

1. Liquid Lubricants or Wet sump lubrication system. 

2. Solid Lubricants or Dry sump lubrication system. 

3. Semi-solid Lubricants or Mist lubrication system. 

Liquid oils lubricants are most commonly used. Liquid lubricants are of two types: 

(a) Mineral oils 

(b) Fatty oils. 

Graphite, white lead and mica are the solid lubricants. 

Semi solid lubricants or greases as they are often called are made from mineral oils and fatty-oils. 
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LIQUID LUBRICANTS OR WET SUMP LUBRICATION SYSTEM 

These systems employ a large capacity oil sump at the base of crank chamber, from which the oil is 

drawn by a low-pressure oil pump and delivered to various parts. Oil then gradually returns back to the 

sump after serving the purpose. 

 

(a) Splash system. This system is used on some small four strokes, stationary engines. In this case the 

caps on the big ends bearings of connecting rods are provided with scoops which, when the connecting 

rod is in the lowest position, just dip into oil troughs and thus directs the oil through holes in the caps 

to the big end bearings. Due to splash of oil it reaches the lower portion of the cylinder walls, 

crankshaft and other parts requiring lubrication. Surplus oil eventually flows back to the oil sump. Oil 

level in the troughs is maintained by means of an oil pump which takes oil from sump, through a filter. 

Splash system is suitable for low and medium speed engines having moderate bearing load pressures. 

For high performance engines, which normally operate at high bearing pressures and rubbing speeds 

this system does not serve the purpose. 

 

 

(b) Semi-pressure system. This method is a combination of splash and pressure systems. It 

incorporates the advantages of both. In this case main supply of oil is located in the base of crank 

chamber. Oil is drawn from the lower portion of the sump through a filter and is delivered by means of 

a gear pump at pressure of about 1 bar to the main bearings. The big end bearings are lubricated by 

means of a spray through nozzles. Thus oil also lubricates the cams, crankshaft bearings, cylinder walls 

and timing gears. An oil pressure gauge is  provided to indicate satisfactory oil supply. 

 

The system is less costly to install as compared to pressure system. It enables higher bearing loads and 

engine speeds to be employed as compared to splash system. 
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(c) Full pressure system. In this system, oil from oil sump is pumped under pressure to the various 

parts requiring lubrication. Refer Fig. 8.8. The oil is drawn from the sump through filter and pumped 

by means of a gear pump. The pressure pump at pressure ranging delivers oil from 1.5 to 4 bar. The oil 

under pressure is supplied to main bearings of crankshaft and camshaft. Holes drilled through the main 

crankshafts bearing journals, communicate oil to the big end bearings and also small end bearings 

through holes drilled in connecting rods. A pressure gauge is provided to confirm the circulation of oil 

to the various parts. A pressure-regulating valve is also provided on the delivery side of this pump to 

prevent excessive pressure. 
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This system finds favour from most of the engine manufacturers as it allows high bearing pressure and 

rubbing speeds. 

 

The general arrangement of wet sump lubrication system is shown in Figure. In this case oil is always 

contained in the sump that is drawn by the pump through a strainer. 

 
 

SOLID LUBRICANTS OR DRY SUMP LUBRICATION SYSTEM 

Refer Figure. In this system, the oil from the sump is carried to a separate storage tank outside the 

engine cylinder block. The oil from sump is pumped by means of a sump pump through filters to the 

storage tank. Oil from storage tank is pumped to the engine cylinder through oil cooler. Oil pressure 

may vary from 3 to 8 kgf/cm2. Dry sump lubrication system is generally adopted for high capacity 

engines. 
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MIST LUBRICATION SYSTEM 

This system is used for two stroke cycle engines. Most of these engines are crank charged, i.e., they 

employ crank case compression and thus, are not suitable for crank case lubrication. These engines are 

lubricated by adding 2 to 3 per cent lubricating oil in the fuel tank. The oil and fuel mixture is induced 

through the carburetor. The gasoline is vaporized; and the oil in the form of mist, goes via crankcase 

into the cylinder. The oil that impinges on the crank case walls lubricates the main and connecting rod 

bearings, and rest of the oil that passes on the cylinder during charging and scavenging periods, 

lubricates the piston, piston rings and the cylinder. 

 

 

 

AIR INTAKES AND ADMISSION SYSTEM OF DIESEL POWER PLANT 

Generally a large diesel engine requires 0.076 to 0.114 m3 of air per min per kw of power 

developed. The fresh air is drawn through pipes or ducts or filters. The purpose of the filter is to catch 

any air borne dirt as it otherwise may cause the wear and tear of the engine. The filters may be of dry 

or oil bath. The filters should be cleaned periodically. Electrostatic precipitator filters can also be used. 

Oil impingement type of filter consists of a frame filled with metal shavings which are coated with a 

special oil so that the air in passing through the frame and being broken up into a number of small 

filaments comes into contact with the oil whose property is to seize and hold any dust particles being 

carried by the air. The dry type of filter is made of cloth, felt, glass wool etc. In case of oil bath type of 
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filter the air is swept over or through a pool of oil so that the particles of dust become coated. 

Lightweight steel pipe is the material for intake ducts. 

 

Since the noise may be transmitted back to the outside air via the air intake. So, A silencer is 

needed in between the engine and the intake system. 

 

There should be minimum pressure loss in the air intake system, otherwise specific fuel 

consumption will increase and the engine capacity is reduced.  

 
 

The air intake system conveys fresh air through pipes or ducts to: 

1. Air-intake manifold of four-stroke engine. 

2. The scavenging pump inlet of a two-stroke engine. 

3. The supercharger inlet of a supercharged engine. 

The air intake may be located: 

(a) Very Near the ground and outside the plant building. 

(b) In the building roof. 

(c) On the building roof. 

(d) Inside the engine room. 

Following precautions should be taken while constructing a suitable air intake system: 

1. They do not locate the air-intakes inside the engine room. 

2. Do not take air from a confined space as otherwise serious vibration problems can occur due 

to air pulsations. 

3. Do not use air-intake line with too small a diameter or which is too long, otherwise engine 

starvation might occur. 

4. Do not install air-intake filters in an inaccessible location. 
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5. Do not locate the air intake filters close to the roof of the engine room since serious vibrations of the 

roof may occur due to pulsating airflow through the filters. 

 

SUPERCHARGING SYSTEM OF DIESEL POWER PLANT 

The purpose of supercharging is to raise the volumetric efficiency above that value which can be 

obtained by normal aspiration. 

 

 

 Since the I.H.P. produced by an I.C. engine is directly proportional to the air consumed by the engine. 

And greater quantities of fuel to be added by increasing the air consumption permit and result in 

greater power produced by the engine. So, it is, therefore, desirable that the engine should take in 

thegreatest possible mass of  air. The supply of air is pumped into the cylinder at a pressure greater 

than the atmospheric pressure and is called supercharging. When greater quantity of air is supplied to 

an I.C. engine it would be able to develop more power for the same size and conversely a small size 

engine fed with extra air would produce the same power as a larger engine supplied with its normal air 

feed. Supercharging is used to increase rated power output capacity of a given engine or to make the 

rating equal at high altitudes corresponding to the unsupercharged sea level rating. Installing a super 

charger between engine intakes does supercharging and air inlet through air cleaner super charger is 

merely a compressor that provides a denser charge to the engine thereby enabling the consumption of a 

greater mass of charge with the same total piston displacement. Power required to drive the super 

charger is taken from the engine and thereby removes from over all engine output some of the gain in 

power obtained through supercharging. 

 

Since the main object of supercharging is to increase the power output of these engine without 

increasing its rotational speed or the dimensions of the cylinder. This is achieved by increasing the 

charge of air, which results more burning of the fuel and a higher mean effective pressure. So there are 

three possible methods that increase the air consumption of an engine, 

1.To increasing the piston displacement, but this increases the size and weight of the engine, and 

introduces additional cooling problems. 

2.Running the engine at higher speeds, which results in increased fluid and mechanical friction losses, 

and imposes greater inertia stresses on engine parts. 
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3.Increasing the density of the charge, such that a greater mass of charge is introduced into the same 

volume or same total piston displacement. 

 

ADVANTAGE OF SUPERCHARGING 

Due to a number of advantages of supercharging the modern diesel engines used in diesel plants are 

generally supercharged. The various advantages of supercharging are as follows: 

1. Power Increase. Mean effective pressure of the engine can be easily increased by 30 to 50% by  

supercharging which will result in the increase the power output. 

2. Fuel Economy. Due to better combustion because of increased turbulence, better mixing of the fuel 

and air, and of an increased mechanical efficiency, the specific fuel consumption in most cases,though 

supercharging reduces not all. 

3. Mechanical Efficiency. The mechanical efficiency referred to maximum load is increased since the 

increase of frictional losses with a supercharger driven directly from the engine is quite smaller as 

compared to the power gained by supercharging. 

4. Fuel Knock. It is decreased due to increased compression pressure because increasing the inlet 

pressure decreases the ignition lag and this reduces the rate of pressure rise in the cylinder resulting in 

increasing smoothness of operation. 

5. Volumetric Efficiency. Volumetric efficiency is increased since the clearance gases are compressed 

by the induced charge that is at a higher pressure than the exhaust pressure. 

 

EXHAUST SYSTEM OF DIESEL POWER PLANT 

The purpose of the exhaust system is to discharge the engine exhaust to the atmosphere outside the 

main building. 

 

For designing of exhaust system of a big power plant, following points should be taken into 

consideration 

 

1. Exhaust noise should be reduced to a tolerable degree. 

2. To reduce the air pollution at breathing level, Exhaust should be exhausted well above the ground 

level 

3. Pressure loss in the system should be reduced to minimum. 

4. By use of flexible exhaust pipe, the vibrations of exhaust system must be isolated from the plant. 
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5. A provision should be made to extract the heat from exhaust if the heating is required for fuel oil 

heating or building heating or process heating. 

 

In many cases, we have seen that the temperature of the exhaust gases under full load conditions may 

be of the order of 400°C. With the recovery of heat from hot jacket water and exhaust gases and its use 

either for heating oil or buildings in cold weather increase the thermal efficiency to 80%. Nearly 40% 

of the heat in the fuel can be recovered from the hot jacket water and exhaust gases. The heat from the 

exhaust can also be used for generating the steam at low pressure that can be used for process heating. 

Nearly 2 kg of steam at 8 kg/cm2 can be generated per kW per hour, when the mass of exhaust gases 

can be taken as 10 kg/kW hr. 

 

COOLING SYSTEM OF DIESEL POWER PLANT 

During combustion process the peak gas temperature in the cylinder of an internal combustion engine 

is of the order of 2500 K. Maximum metal temperature for the inside of the combustion chamber space 

are limited to much lower values than the gas temperature by a large number of considerations and 

thus cooling for the cylinder head, cylinder and piston must therefore be provided. Necessity of engine 

cooling arises due to the following facts 

 

1. During combustion period, the heat fluxes to the chamber walls can reach as high as 10 mW/m2. 

The flux varies substantially with location. The regions of the chamber that are contacted by rapidly 

moving high temperature gases generally experience the highest fluxes. In region of high heat flux, 

thermal stresses must be kept below levels that would cause fatigue cracking. So temperatures must be 

less than about 400°C for cast iron and 300°C for aluminium alloy for water cooled engines. For air-

cooled engines, these values are 270°C and 200°C respectively. 

 

2. The gas side surface temperature of the cylinder wall is limited by the type of lubricating oil used 

and this temperature ranges from 160°C to 180°C. Beyond these temperature, the properties of 

lubricating oil deteriorates very rapidly and it might even evaporates and burn, damaging piston and 

cylinder surfaces. Piston seizure due to overheating resulting from the failure of lubrication is quite 

common. 
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3. The valves may be kept cool to avoid knock and pre-ignition problems which result from overheated 

exhaust valves (true for S.I. engines). 

4. The volumetric and thermal efficiency and power output of the engines decrease with an increase in 

cylinder and head temperature. 

 

Based on cooling medium two types of cooling systems are in general use. They are 

(a) Air as direct cooling system. 

(b) Liquid or indirect cooling system. 

 

Air-cooling is used in small engines and portable engines by providing fins on the cylinder. Big diesel 

engines are always liquid (water/special liquid) cooled. Liquid cooling system is further classified as 

(1) Open cooling system 

(2) Natural circulation (Thermo-system) 

(3) Forced circulation system 

(4) Evaporation cooling system. 

 

OPEN COOLING SYSTEM 

This system is applicable only where plenty of water is available. The water from the storage tank is 

directly supplied through an inlet valve to the engine cooling water jacket. The hot water coming out of 

the engine is not cooled for reuse but it is discharged. 

 

NATURAL CIRCULATION SYSTEM 

The system is closed one and designed so that the water may circulate naturally because of the 

difference in density of water at different temperatures. Fig. 8.14 shows a natural circulation cooling 

system. It consists of water jacket, radiator and a fan. When the water is heated, its density decreases 

and it tends to rise, while the colder molecules tend to sink. Circulation of water then is obtained as the 

water heated in the water jacket tends to rise and the water cooled in the radiator with the help of air 

passing over the radiator either by ram effect or by fan or jointly tends to sink. Arrows show the 

direction of natural circulation, which is slow. 
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FORCED CIRCULATION COOLING SYSTEM 

 

Figure shows forced circulation cooling system that is closed one. The system consists of 

pump, water jacket in the cylinder, radiator, fan and a thermostat. The coolant (water or synthetic 

coolant) is circulated through the cylinder jacket with the help of a pump, which is usually a 

centrifugal type, and driven by the engine. The function of thermostat, which is fitted in the upper hose 

connection initially, prevents the circulation of water below a certain temperature (usually upto 85°C) 

through the radiation so that water gets heated up quickly. 

 

Standby diesel power plants upto 200 kVA use this type of cooling. In the case of bigger plant, 

the hot water is cooled in a cooling tower and recirculated again. There is a need of small quantity of 

cooling make-up water. 
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UNIT IV DIESEL AND GAS TURBINE POWER PLANTS 

1.  What are the methods used for starting a diesel engine? 

 1. Using starting motor 

 2. Using stationary engine 

 3. Using high pressure air compressor.  

2.  What are the components present in the diesel electric power plants 

Fuel Injection pump, Generator setup, Lubricating oil tank with pump, Fuel tank, Heat 

exchanger, Cooling tower, jacket water pump. 

3.  What is the commonly used fuel injection system in a diesel power station? 

 1. Individual pump injection system. 

 2. Distributor system. 

 3. Common rail injection system. 

4.  What are the methods of cooling in a diesel engine power plant? 

 1. Air cooling 

 2. Liquid cooling 

Thermo-syphon cooling, Forced or pumped system, Thermostat cooling.  Pressurized water 

cooling, Evaporative cooling. 

 

Diesel power plant 

Applications of diesel power plant 

6. Diesel power plant’s is in the range of 2 to 50 MW capacity. They are used as central station 

for small or medium power supplies. 

7. They can be used as stand-by plants to hydro-electric power plants and steam power plants for 

emergency services. 

8. They can be used as peak load plants in combinations with thermal or hydro-plants. 

9. They are quite suitable for mobile power generation and are widely used in transportation 

systems such as automobiles, railways, air planes and ships. 

10. Now-a-days power cut has become a regular feature for industries. The only solution to tide 

over this difficulty is to install diesel generating sets. 

Layout diesel engine power plant: 
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Diesel engine: 

Diesel engines or compression ignition engines as they are called are generally classified as two stroke 

engine and four stroke engines. In diesel engine, air admitted into the cylinder is compressed, the 

compression ratio being 12 to 20. At the end of compression stroke, fuel is injected. It burns and the 

burning gases expand and do work on the position. The engine is directly coupled to the generator. The 

gases are then exhausted from the cylinder to atmosphere. 

Engine starting system: 

This includes air compressor and starting air tank. The function of this system is to start the engine 

from cold supplying compressed air. 

Fuel system: 

Pump draws diesel from storage tank and supplies it to the small day tank through the filter. Day tank 

supplies the daily fuel need of engine. The day tan is usually placed high so that diesel flows to engine 

under gravity. 

Diesel is again filtered before being injected into the engine by the fuel injection pump. The fuel is 

supplied to the engine according to the load on the plant. 

Air intake system: 
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Air filters are used to remove dust from the incoming air. Air filters may be dry type, which is made up 

of felt, wool or cloth. In oil bath type filters, the sir is swept over a bath of oil so that dust particles get 

coated. 

Exhaust system: 

In the exhaust system, silencer (muffler) is provide to reduce the noise. 

Engine cooling system: 

The temperature of burning gases in the engine cylinder is the order of 1500 to 2000’C. to keep the 

temperature at the reasonable level, water is circulated inside the engine in water jackets which are 

passage around the cylinder, piston, combustion chamber etc. hot water leaving the jacket is sent to 

heat exchanger. Raw water is made to flow through the heat exchanger, where it takes up the heat of 

jacket water. It is then cooled in the cooling tower and recirculates again. 

Engine lubrication system: 

It includes lubricating oil tank, oil pump and cooler. Lubrication is essential to reduce friction and wear 

of engine parts such as cylinder walls and piston. 

Lubricating oil which gets heated due to friction of moving parts is cooled before recirculation. The 

cooling water used in the engine is used for cooling the lubricant also. 

Advantages of diesel power plant: 

9. Plant layout is simple. Hence it can be quickly installed and commissioned, while the erection 

and starting of a steam power plant or hydro-plant takes a fairly long time. 

10. Quick starting and easy pick-up of loads are possible in a very short time. 

11. Location of the plant is near the load center. 

12. The load operation is easy and requires minimum labors. 

13. Efficiency at part loads does not fall so much as that of a steam plant. 

14. Fuel handling is easier and no problem of ash disposal exists. 

15. The plant is smaller in size than steam power plant for same capacity. 

16. Diesel plants operate at high overall efficiency than steam. 

Disadvantages of diesel power plant: 

5. Plant capacity is limited to about 50 MW of power. 

6. Diesel fuel is much more expensive than coal. 

7. The maintenance and lubrication costs are high. 

8. Diesel engines are not guaranteed for operation under continuous, while steam can work under 

25% of overload continuously. 
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ADVANTAGE OF DIESEL POWER PLANT 

The advantages of diesel power plants are listed below. 

1. Very simple design also simple installation. 

2. Limited cooling water requirement. 

3. Standby losses are less as compared to other Power plants. 

4. Low fuel cost. 

5. Quickly started and put on load. 

6. Smaller storage is needed for the fuel. 

7. Layout of power plant is quite simple. 

8. There is no problem of ash handling. 

9. Less supervision required. 

10. For small capacity, diesel power plant is more efficient as compared to steam power plant. 

11. They can respond to varying loads without any difficulty. 

DISADVANTAGE OF DIESEL POWER PLANT 

The disadvantages of diesel power plants are listed below. 

1. High Maintenance and operating cost. 

2. Fuel cost is more, since in India diesel is costly. 

3. The plant cost per kW is comparatively more. 

4. The life of diesel power plant is small due to high maintenance. 

5. Noise is a serious problem in diesel power plant. 

6. Diesel power plant cannot be constructed for large scale. 

APPLICATION OF DIESEL POWER PLANT 

Since there are many disadvantage of diesel power plant, although the plant find wide application in 

the following fields. 

1. They are quite suitable for mobile power generation and are widely used in transportation systems 

consisting of railroads, ships, automobiles and aeroplanes. 

2. They can be used for electrical power generation in capacities from 100 to 5000 H.P. 

3. They can be used as standby power plants. 
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4. They can be used as peak load plants for some other types of power plants. 

5. Industrial concerns where power requirement are small say of the order of 500 kW, diesel power 

plants become more economical due to their higher overall efficiency. 

 

CLASSIFICATION OF GAS TURBINE POWER PLANT 

The gas turbine power plants which are used in electric power industry are classified into two groups 

as per the cycle of operation. 

(a) Open cycle gas turbine. 

(b) Closed cycle gas turbine. 

OPEN CYCLE GAS TURBINE POWER PLANT 

A simple open cycle gas turbine consists of a compressor, combustion chamber and a turbine as shown 

in Figure. The compressor takes in ambient air and raises its pressure. Heat is added to the air in 

combustion chamber by burning the fuel and raises its temperature. 

 

 
 

The heated gases coming out of combustion chamber are then passed to the turbine where it expands 

doing mechanical work. Part of the power developed by the turbine is utilized in driving the 

compressor and other accessories and remaining is used for power generation. Since ambient air enters 

into the compressor and gases coming out of turbine are exhausted into the atmosphere, the working 

medium must be replaced continuously. This type of cycle is known as open cycle gas turbine plant 

and is mainly used in majority of gas turbine power plants as it has many inherent advantages. 
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(A) Advantages 

1. Warm-up time. Once the turbine is brought up to the rated speed by the starting motor and the fuel 

is ignited, the gas turbine will be accelerated from cold start to full load without warm-up time. 

2. Low weight and size. The weight in kg per kW developed is less. 

3. Fuels. Almost any hydrocarbon fuel from high-octane gasoline to heavy diesel oils can be used in 

the combustion chamber. 

4. Open cycle plants occupy comparatively little space. 

5. The stipulation of a quick start and take-up of load frequently are the points in favour of open cycle 

plant when the plant is used as peak load plant. 

6. Component or auxiliary refinements can usually be varied to improve the thermal efficiency and 

give the most economical overall cost for the plant load factors and other operating conditions 

envisaged. 

7. Open-cycle gas turbine power plant, except those having an intercooler, does not require cooling 

water. Therefore, the plant is independent of cooling medium and becomes self-contained. 

 

(B) Disadvantages 

1. The part load efficiency of the open cycle plant decreases rapidly as the considerable percentage of 

power developed by the turbine is used to drive the compressor. 

2. The system is sensitive to the component efficiency; particularly that of compressor. The open cycle 

plant is sensitive to changes in the atmospheric air temperature, pressure and humidity. 

3. The open-cycle gas turbine plant has high air rate compared to the other cycles, therefore, it results 

in increased loss of heat in the exhaust gases and large diameter ductwork is necessary. 

4. It is essential that the dust should be prevented from entering into the compressor in order to 

minimise erosion and depositions on the blades and passages of the compressor and turbine and so 

impairing their profile and efficiency. The deposition of the carbon and ash on the turbine blades is not 

at all desirable as it also reduces the efficiency of the turbine. 

 

CLOSED CYCLE GAS TURBINE POWER PLANT 

Closed cycle gas turbine plant was originated and developed in Switzerland. In the year 1935, J. 

Ackeret and C. Keller first proposed this type of machine and first plant was completed in Zurich in 

1944. 
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It used air as working medium and had a useful output of 2 mW. Since then, a number of closed cycle 

gas turbine plants have been built all over the world and largest of 17 mW capacity is at 

Gelsenkirchen, Germany and has been successfully operating since 1967. In closed cycle gas turbine 

plant, the working fluid (air or any other suitable gas) coming out from compressor is heated in a 

heater by an external source at constant pressure. The high temperature and high-pressure air coming 

out from the external heater is passed through the gas turbine. The fluid coming out from the turbine is 

cooled to its original temperature in the cooler using external cooling source before passing to the 

compressor. The working fluid is continuously used in the system without its change of phase and the 

required heat is given to the working fluid in the heat exchanger. 

 

The arrangement of the components of the closed cycle gas turbine plant is shown in Figure 

 

 

 

(A) Advantages 

1. The inherent disadvantage of open cycle gas turbine is the atmospheric backpressure at the turbine 

exhaust. With closed cycle gas turbine plants, the backpressure can be increased. Due to the control on 

backpressure, unit rating can be increased about in proportion to the backpressure. Therefore the 

machine can be smaller and cheaper than the machine used to develop the same power using open 

cycle plant. 

 

2. The closed cycle avoids erosion of the turbine blades due to the contaminated gases and fouling of 

compressor blades due to dust. Therefore, it is practically free from deterioration of efficiency in 

service. The absence of corrosion and abrasion of the interiors of the compressor and turbine extends 

the life of the plant and maintains the efficiency of the plant constant throughout its life as they are 

kept free from the products of combustion. 

 

3. The need for filtration of the incoming air which is a severe problem in open cycle plant is 

completely eliminated. 
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4. Load variation is usually obtained by varying the absolute pressure and mass flow of the circulating 

medium, while the pressure ratio, the temperatures and the air velocities remain almost constant. This 

result in velocity ratio in the compressor and turbine independent of the load and full load thermal 

efficiency maintained over the full range of operating loads. 

 

5. The density of the working medium can be maintained high by increasing internal pressure range, 

therefore, the compressor and turbine are smaller for their rated output. The high density of the 

working fluid further increases the heat transfer properties in the heat exchanger. 

 

6. As indirect heating is used in closed cycle plant, the inferior oil or solid fuel can be used in the 

furnace and these fuels can be used more economically because these are available in abundance. 

 

7. Finally the closed cycle opens the new field for the use of working medium (other than air as argon, 

CO2, helium) having more desirable properties. The ratio  •of the working fluid plays an important 

role in determining the performance of the gas turbine plant. An increase in  •from 1.4 to 1.67 

(forargon) can bring about a large increase in output per kg of fluid circulated and thermal efficiency of 

the plant. 

 

The theoretical thermal efficiencies of the monoatomic gases will be highest for the closed cycle type 

gas turbine. Further, by using the relatively dense inert gases, such as argon, krypton and xenon, the 

advantage of smaller isentropic heat fall and smaller cross-sectional flow areas would be realised:  

 

Whether CO2 or Helium should be adopted as working medium is matter of controversy at present. 

Blade material poses a problem to use helium as working fluid. In case of CO2, a new kind of 

compressor must be designed to compress the fluid. The main advantage of CO2 is that it offers 40% 

efficiency at 700°C whereas helium would need 850°C or more to achieve the same efficiency. A 

helium turbine would also need to run faster imposing larger stresses on the rotor. 

 

8. The maintenance cost is low and reliability is high due to longer useful life. 
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9. The thermal efficiency increases as the pressure ratio (Rp) decreases. Therefore, appreciable higher 

thermal efficiencies are obtainable with closed cycle for the same maximum and minimum temperature 

limits as with the open cycle plant. 

 

10. Starting of plane is simplified by reducing the pressure to atmospheric or even below atmosphere 

so that the power required for starting purposes is reduced considerably. 

 

(B) Disadvantages 

1. The system is dependent on external means as considerable quantity of cooling water is requiredin 

the pre-cooler. 

2. Higher internal pressures involve complicated design of all components and high quality material is 

required which increases the cost of the plant. 

3. The response to the load variations is poor compared to the open-cycle plant, 

4. It requires very big heat-exchangers as the heating of workings fluid is done indirectly. The space 

required for the heat exchanger is considerably large. The full heat of the fuel is also not used in this 

plant. 

 

The closed cycle is only preferable over open cycle where the inferior type of fuel or solid fuel is to be 

used and ample cooling water is available at the proposed site of the plant. However, closed cycle gas 

turbine plants have not as yet been used for electricity production. This is mainly a consequence of the 

limitations imposed by the unit size of heat exchanger. The use of a large number of parallel heat 

exchangers would practically eliminate the economic advantage resulting from increased plant size. 

 

The inherent disadvantage of open cycle is the atmospheric backpressure, which limits the unit rating. 

This disadvantage can be eliminated in the closed cycle plant by increasing the backpressure of the 

cycle. With conventional closed cycle gas turbine plants, advantage can be taken of this only to a 

limited extent as the air heater limits the unit rating. This disadvantage does not apply to closed cycle 

plant with a nuclear reactor as heat source. Manufacturers of closed cycle gas turbine plant believe that 

with these sets, unit-rating up to 500 mW may be possible. 

 

REHEATING 
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In reheat cycle, the combustion gases are not expanded in one turbine only but in two turbines. The 

exhaust of the high-pressure turbine is reheated in a reheater and then expanded in a low-pressure 

turbine. By reheating, the power output of the turbine is increased but the cost of additional fuel may 

be heavy unless a heat exchanger is also used. A reheat cycle is shown in Fig. 9.13. Considering the 

adiabatic expansions, the total work done in the two turbines will be equal to: (I3 – I4a) + (I5 – I6a). 

 

 
 

 

 
 

 

If the combustion gases were expanded in one turbine only down to point 7a for the same pressure 

ratio, then the work output would have been: (I3 – I7a). 

 

Now the constant pressure lines on the H- •chart diverge away from the origin and converge 

towards the origin. Therefore the line 5–6a will be greater than 4a–7a. Hence reheating increases the 

power output. By reheating, the average temperature of heat addition is raised resulting in higher 
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output and efficiency of the cycle. If reheat cycle is to be adopted then the pressure ratio must be high 

as at low pressure ratios, the thermal efficiency is lowered by reheating Fig. 9.14. Reheating reduces 

the airflow through the cycle resulting in decreased input to the compressor. For ideal reheating; the 

working fluid temperature after reheating is equal to the maximum permissible turbine inlet 

temperature. That is, 

T5 = T3 

The efficiency of the cycle will be given as, 

 
 

 

ELEMENTS OF GAS TURBINE POWER PLANT 

 

COMPRESSORS 

The high flow rates of turbines and relatively moderate pressure ratios necessitate the use of rotary 

compressors. The types of compressors, which are commonly used, are of two types, centrifugal and 

axial flow types. The centrifugal compressor consists of an impeller (rotating component) and a 

diffuser (stationary component). The impeller imparts the high kinetic energy to the air and diffuser 

converts the kinetic energy into the pressure energy. The pressure ratio of 2 to 3 is possible with single 

stage compressor and it can be increased upto 20 with three-stage compressor. The compressors may 

have single or double inlet. The single inlet compressors are designed to handle the air in the range of 

15 to 300 m3/min and double inlets are preferred above 300 m3/min capacity. The single inlet 

centrifugal compressor is shown in Figure. The efficiency of centrifugal compressor lies between 80 to 

90%. The efficiency of multistage compressor is lower than a single stage due to the losses. 
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The axial flow compressor consists of a series of rotor and stator stages with decreasing diameters 

along the flow of air. 

 

The blades are fixed on the rotor and rotors are fixed on the shaft. The stator blades are fixed on the 

stator casing. The stator blades guide the air flow to the next rotor stage coming from the previous 

rotor stage. The air flows along the axis of the rotor. The kinetic energy is given to the air as it passes 

through the rotor and part of it is converted into pressure. The axial flow compressor is shown in 

Figure. The number of stages required for pressure ratio of 5 is as large as sixteen or more. 

 
A satisfactory air filter is absolutely necessary for cleaning the air before it enters the compressor 

because it is essential to maintain the designed profile of the aerofoil blades. The depositionof dust 

particles on the blade surfaces reduces the efficiency rapidly. 
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The advantages of axial flow compressor over centrifugal compressor are high isentropic efficiency 

(90-95%), high flow rate and small weight for the same flow quantity. The axial flow compressors are 

very sensitive to the changes in airflow and speed, which result in rapid drop in efficiency. 

 

In both types of compressors, it has been found that lowering of the inlet air temperature by 15 to 20°C 

gives almost 25% greater output with an increase of 5% efficiency. 

 

INTERCOOLERS AND HEAT EXCHANGERS 

The intercooler is generally used in gas turbine plant when the pressure ratio used is sufficiently large 

and the compression is completed with two or more stages. The cooling of compressed air is generally 

done with the use of cooling water. A cross-flow type intercooler is generally preferred for effective 

heat transfer. 

 

The regenerators, which are commonly used in gas turbine plant, are of two types, recuperator and 

regenerator. 

 

In a recuperative type of heat exchanger, the air and hot gases are made to flow in counter direction as 

the effect of counter flow gives high average temperature difference causing the higher heat flow. A 

number of baffles in the path of airflow are used to make the air to flow in contact for longer time with 

heat transfer surface. 

 

The regenerator type heat exchanger consists of a heat-conducting member that is exposed alternately 

to the hot exhaust gases and the cooler compressed air. It absorbs the heat from hot gases and gives it 

up when exposed to the air. The heat, capacity member is made of a metallic mesh or matrix, which is 

rotated slowly (40-60 r.p.m.) and continuously exposed to hot and cold air. 

 

COMBUSTION CHAMBERS 

The gas turbine is a continuous flow system; therefore, the combustion in the gas turbine differs from 

the combustion in diesel engines. High rate of mass flow results in high velocities at various points 

throughout the cycle (300 m/sec). One of the vital problems associated with the design of gas turbine 

combustion system is to secure a steady and stable flame inside the combustion chamber. The gas 
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turbine combustion system has to function under certain different operating conditions which are not 

usually met with the combustion systems of diesel engines. A few of them are listed below: 

 

1. Combustion in the gas turbine takes place in a continuous flow system and, therefore, the advantage 

of high pressure and restricted volume available in diesel engine is lost. The chemical reaction takes 

place relatively slowly thus requiring large residence time in the combustion chamber in order to 

achieve complete combustion. 

 

2. The gas turbine requires about 100:1 air-fuel ratio by weight for the reasons mentioned earlier. But 

the air-fuel ratio required for the combustion in diesel engine is approximately 15:1. Therefore, it is 

impossible to ignite and maintain a continuous combustion with such weak mixture. It is necessary to 

provide rich mixture fm ignition and continuous combustion, and therefore, it is necessary to allow 

required air in the combustion zone and the remaining air must be added after complete combustion to 

reduce the gas temperature before passing into the turbine. 

 

3. A pilot or recirculated zone should be created in the main flow to establish a stable flame that helps 

to ignite the combustible mixture continuously. 

 

4. A stable continuous flame can be maintained inside the combustion chamber when the stream 

velocity and fuel burning velocity are equal. Unfortunately most of the fuels have low burning 

velocities of the order of a few meters per second, therefore, flame stabilization is not possible unless 

some technique is employed to anchor the flame in the combustion chamber. 
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The common methods of flame stabilization used in practice are bluff body method and swirl flow 

method. Two types of combustion chambers using bluff body and swirl for flame stabilization are 

shown in Fig. 9.8 and Fig. 9.9. The major difference between two is the use of different methods to 

create pilot zone for flame stabilization. 

 

Nearly 15 to 20% of the total air is passed around the jet of fuel providing rich mixture in the primary 

zone. This mixture burns continuously in the primary (pilot) zone and produces high temperature 

gases. About 30% of the total air is supplied in the secondary zone through the annuals around the 

flame tube to complete the combustion. The secondary air must be admitted at right points in the 

combustion chamber otherwise the cold injected air may chill the flame locally thereby reducing the 

rate of reaction. The secondary air helps to complete the combustion as well as helps to cool the flame 

tube. The remaining 50% air is mixed with burnt gases in the “tertiary zone” to cool the gases down to 

the temperature suited to the turbine blade materials. 

 

By inserting a bluff body in mainstream, a low-pressure zone is created downstream side that causes 

the reversal of flow along the axis of the combustion chamber to stabilize the flame. In case of swirl 

stabilization, the primary air is passed through the swirler, which produces a vortex motion creating a 

low-pressure zone along the axis of the chamber to cause the reversal of flow. Sufficient turbulence 

must be created in all three zones of combustion and uniform mixing of hot and cold bases to give 

uniform temperature gas stream at the outlet of the combustion chamber. 

 

GAS TURBINES 

The common types of turbines, which are in use, are axial flow type. The basic requirements of 

the turbines are lightweight, high efficiency; reliability in operation and long working life. Large work 
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output can be obtained per stage with high blade speeds when the blades are designed to sustain higher 

stresses. More stages of the turbine are always preferred in gas turbine power plant because it helps to 

reduce the stresses in the blades and increases the overall life of the turbine. More stages are further 

preferred with stationary power plants because weight is not the major consideration in the design 

which is essential in aircraft turbine-plant. 

The cooling of the gas turbine blades is essential for long life as it is continuously subjected to 

high temperature gases. There are different methods of cooling the blades. The common method used 

is the air-cooling. The air is passed through the holes provided through the blade. 

GAS TURBINE POWER PLANT 

 

1.  Discuss the effect of inter cooling in a gas turbine plant. 

 1. Work done on the multi stage air compressor decreases. 

 2. Compressor size decrees due to less power consumption. 

3. Thermal efficiency increases 

 4. Increases the net work done. 

2.  How gas turbine power plants are classified? 

 By application: Air craft, Jet propulsion, Locomotive, Marine, Transport 

 By cycle: Open and closed 

 By fuel: Solid, Liquid and Gaseous fuel 

3 What are the applications of Gas turbine power plant? 

1. Gas turbine power plants are used to supply peak loads in steam or hydro-plants. 

2. They are used as standby plants for hydro-electric power plants. 

3. Gas turbines are used in jet, aircraft and ships. 

 

Open cycle and closed cycle system: 

When the heat is given to the air by mixing and burning the fuel in the air and the gases coming out of 

the turbine are exhausted to the atmosphere, the cycle is known as “open cycle system”. If the heat to 

the working medium (air or any other suitable gas) is given without directly burning the fuel in the air 

and the same working medium is used again and again, the cycle is known as “closed cycle system”. 

Simple Gas turbine Plant 
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Gas turbine plant with intercooler, reheating and regeneration 

 
L.P air compressor: 

Atmospheric air is drawn in and passed through the air filter. It then flows into the low pressure 

compressor. Major percentage of power developed (66%) by the turbine is used to run the compressor. 

The power required to run the compressor can be reduced by compressing the air in two stages, i.e., in 

low pressure and high pressure compressor and also by incorporating an intercooler between the two. 

Intercooler: 

Intercooler is used to reduce work of the compressor and increase the efficiency. The energy required 

to compress air is proportional it the air temperature at inlet. Therefore if intercooling is carried out 

between the stages of compression, total work can be reduced. 

H.P. Compressor: 

From the intercooler, the compressed air enters the high pressure compressor, where it is further 

compressed to a high pressure. Then it is passed into the regenerator. 

Regenerator: 



Power Plant Engineering 
Fatima Michael College of Engineering and Technology, Madurai 

 
In the simple open cycle system the heat of the turbine exhaust gases goes as waste. To make use of 

this heat a regenerator is provided. In the regenerator the heat of the hot exhaust gases from the turbine 

is used to preheat the air entering the combustion chamber. 

Combustion chamber: 

Hot air from regenerator flows to the combustion chamber. Fuel (natural gas or coal gas or kerosene or 

gasoline) is injected into the combustion chamber and burns in the steam of hot air. The products of 

combustion, comprising a mixture of gases as high temperature and pressure are passed to the turbine. 

Gas turbines: 

Products of combustion are expanded in high pressure turbine and then in low pressure turbine. The 

part of the work developed by the gases passing through the turbines is used to run the compressor and 

the remaining (about 34%) is used to generate electric power. 

Reheating combustion chamber: 

The output of the plant can be further improved by providing a reheating combustion chamber between 

high pressure and low pressure turbines. In this, fuel is added to reheat the exhaust gases of high 

pressure turbine. The addition of the regenerator, intercooler and reheating combustion chamber 

increases the overall efficiency of the plant. 

 

Advantages of Gas turbine power plant 

1. Natural gas is very suitable fuel and where this is available cheap, it is an ideal source of power 

in gas turbine. 

2. Gas turbine plant is smaller in size and weight compared to an equivalent steam power plant. 

For smaller capacities the size of the gas turbine power plant is appreciably greater than a high speed 

diesel engine plant; but for larger capacities it is smaller in size than comparable diesel plant. If size 

and weight are main considerations such as in ships, aircraft engines and locomotives, gas turbines are 

more suitable. 

3. The initial cost is lower than an equivalent steam plant. 

4. It requires less water as compared to a steam plant. 

5. It can be started quickly, and can be put on load in a very short time. 

6. Maintenance cost is low. 

7. It does not require heavy foundations and buildings. 

8. Any poor quality and wide variety of fuels from natural gas to residual oil or powered coal can 

be used. 
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9. The running speed of the turbine (40,000 to 100,000 rpm) is considerably large compared with 

diesel engine (1000 to 2000 rpm). 

10. The exhaust of the gas turbine is free from smoke. 

 

Disadvantage Gas turbine power plant 

1. Major part of the work (66%) developed in the turbine is used to drive the compressor. 

Therefore net work output of the plant is low. 

2. It requires special metals and alloys for different components because the operating 

temperature (2000’C) and speed (100,000 rpm) are very high. 

3. Part load efficiency is poor compared to diesel plant. 

 

REGENERATION 

In regeneration, the heat energy from the exhaust gases is transferred to the compressed air before it 

enters the combustion chamber. Therefore, by this process there will be a saving in fuel used in the 

combustion chamber if the same final temperature of the combustion gases is to be attained and also 

there will be a reduction of waste heat. Figure shows a regenerative cycle. 

 
 

For regeneration to take place T5 should be greater than T2. 

In the heat exchanger, the temperature of air is increased from T2 to T3, and the temperature of 

the exhaust gases is reduced from T5 to T6. If the regeneration is perfect, the air would be heated to the 

temperature of the exhaust gases entering the H.E. the effectiveness of the regeneration is defined as: 

 •= effectiveness 
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For ideal regeneration, 

T3 = T5 and T6 = T2 

 

The common values of effectiveness would be from 70 to 85%. The heating surface of the 

generator, as well as the dimensions and price of the gas turbine increases with the regeneration 

fraction. But to justify the regeneration economically, the effectiveness should atleast be 50%. The 

regenerative cycle has higher efficiency than the simple cycle only at low-pressure ratios. If the 

pressure ratio is raised above a certain limit, then the regenerator will cool the compressed air entering 

the combustion chamber instead of heating it and the efficiency of the regenerative cycle drops. This is 

clear from Figure 

. 

 

It is clear from Figure, that the compressor turbine works are not affected by regeneration. 

However, the heat to be supplied in the combustion chamber is reduced and also it is added at higher 

temperature as compared to the cycle without regeneration. Thus, the thermal efficiency of the cycle 

increases. It will be equal to, 

 
For ideal regeneration, T3 = T5 

 
This equation will get reduced to, 
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For ideal open cycle,  ac =  at = 1 

 
 

 

 

UNIT V OTHER POWER PLANTS AND ECONOMICS OF POWER PLANTS 

 

GEO THERMAL ENERGY 

We live between two great sources of energy, the hot rocks beneath the surface of the earth and the sun 

in the sky. Our ancestors knew the value of geothermal energy; they bathed and cooked in hot springs. 

Today we have recognized that this resource has potential for much broader application. 

 

The term geothermal comes geo meaning earth and thermal meaning heat. Heat from the Earth, or 

geothermal from the Greek — Geo (Earth) + thermal (heat) — energy can be and already is accessed 

by drilling water or steam wells in a process similar to drilling for oil. 

 

The core of the earth is very hot and it is possible to make use of this geothermal energy (in Greek it 

means heat from the earth). These are areas where there are volcanoes, hot springs, and geysers, and 

methane under the water in the oceans and seas. In some countries, such as in the USA water is 

pumped from underground hot water deposits and used to heat people’s houses. 

 

Geothermal energy is an enormous, underused heat and power resource that is clean (emits little or no 

greenhouse gases), reliable (average system availability of 95%), and homegrown (making us less 

dependent on foreign oil). The geothermal fields were first discovered in 1847 by William Bell Elliot, 

an explorer surveyor who was hiking in the mountains between Cloverdale and Calistoga, California, 

in search of grizzly bears. He discovered steam seeping out of the ground along a quarter of a mile on 

the steep slope of a canyon near colb Mountain, an extinct volcano, now known as the Geysers. The 

first application of geothermal energy was for space heating, cooking, and medicinal purposes. 
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The center of the earth is estimated at temperature up to 10,000 K due to decay process of radioactive 

isotopes. The total steady geothermal energy flow towards earth's surface is 4.2 × 1010 kW. But the 

average flow energy is only 0.063 W/m2. 

 

The utilization of geothermal energy for the production of electricity dates back to the early part of the 

twentieth century. For 50 years the generation of electricity from geothermal energy was confined to 

Italy and interest in this technology was slow to spread elsewhere. In 1943 the use of geothermal hot 

water was pioneered in Iceland. 

 

The following general objectives of geothermal energy: 

(1) Reduction of dependence on nonrenewable energy and stimulation of the state’s economy through 

development of geothermal energy. 

(2) Mitigation of the social, economic, and environmental impacts of geothermal development. 

(3) Financial assistance to counties to offset the costs of providing public services and facilities 

necessitated by the development of geothermal resources within their jurisdictions. 

(4) Maintenance of the productivity of renewable resources through the investment of proceeds from 

these resources. 

 

HOT SPRINGS 

Earth tremors in the early Cenozoic period caused the magma to come close to the earth’s surface in 

certain places and crust fissures to open up. The hot magma near the surface thus causes active 

volcanoes and hot springs and geysers where water exists. It also causes steam to vent through the 

fissures. 

 

The hot magma near the surface solidifies into igneous rock. The heat of the magma is conducted 

upward to this igneous rock. Ground water that finds its way down to this rock through fissures in it 

will be heated by the heat of the rock or by mixing with hot gases and steam emanating from the 

magma. The heated water will then rise convectively upward and into a porous and permeable 

reservoir above the igneous rock. A layer of permeable solid rock that traps the hot water in the 

reservoir caps this reservoir. 
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The solid rock, however, has fissures that act as vents of the giant underground boiler. The vents show 

up at the surface as geysers, fumaroles, or hot springs. The natural heat in the earth has manifested 

itself for thousands of years in the form of hot springs. A well taps steam from the fissure for use in a 

geothermal power plant.  

 

Geothermal power stations have been installed at a number of places around the world, where 

geothermal steam is available. 

 

The share of geothermal produced electricity in the year 2000 is 0.3% of the total electricity produced 

in the world. In India, there are more than 300 hot water springs. 

 

STEAM EJECTION 

Hot water geothermal energy deposits are present in several locations around the earth. Underground 

water collects heat from surrounding hot rocks. Such hot water reserves are with small con-tent of 

steam. Rain water collected over the land areas of several hundreds of square kilometers percolates 

through the ground to the depths of 1 to 6 km where it is heated by thermal conduction from the 

surrounding hot rocks. The hot water moves upwards through the defects of restricted areas in the 

rocks. The ‘defects’ are of fractures and highly permeable portions in the rock. The hot water moves 

upwards to the surface with relatively little or no storage in between. If however a zone of geothermal 

energy deposits is covered by a impermeable rock with a few fractures or defects, the energy deposits 

will be stored under ground readily available for extraction. 

 

The energy available in such deposits can be extracted by means of production wells drilled through 

the impermeable rocks. In hydro-geothermal energy deposits, the geothermal fluids are in form of 

geothermal brine, hot mineral water and steam. Steam deposits are very few in number. 

 

However, largest geothermal energy reserve of petro-geothermal type and are called Hot Dry Rock 

type that is without underground water. HDR deposits have largest geothermal energy potential in the 

world. 

 

Extraction of geothermal energy through these hot dry rocks requires injection of water into artificially 

created fractured rock cavities in hot dry rock and extraction of hot water and steam by means of 
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production wells. Cold water is injected into the well by means of injection wells and hot water and 

steam is extracted by the production wells. Water injected into the well acts as a heat collecting and 

heat transporting medium. Cavity in hot dry rock acts like a boiler steam generator. Cold water is 

injected and hot water/steam is obtained. 

 

SITE SELECTION 

India has about 150 known geothermal sites having geothermal fluid of moderate and low temperature 

(<160°C). The geothermal fields in India are in the form of hot water springs (40 to 98°C) and shallow 

water reservoir temperatures are less than 160°C. 

The important hydro-geothermal resource locations are 

Puga Hydro-Geothermal Field, Jammu and Kashmir. 

West-Coast Hydro-Geothermal Field, Maharashtra, Gujarat. 

Tattapani-Hydro-Geothermal Field, Madhya Pradesh. 

Due to moderate and low temperatures of geothermal fluids, the prospects of geothermally electrical 

power plants in India are very low. However, Geothermal Hydrothermal Energy is likely to have 

several applications in the temperature range of 30°C to 190°C. 

For site selection of geothermal energy, the following factor may be considered. 

(1) Borax deposits present 

(2) Some locations with water at 120°C at 200 to 500 m depths 

(3) Na-Ca-Cl-SO4 contents 

(4) Some shallow depth reservoir with water at 80 to 110°C. 

 

 Dry steam power plant 
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Flash Steam Power Plant (Liquid Domain System) 

Flash steam power plants are the most common. They use geothermal reservoirs of water with 

temperatures greater than 182°C. This very hot water flows up through wells in the ground under its 

own pressure. As it flows upward, the pressure decreases and some of the hot water boils into steam. 

The steam is then separated from the water and used to power a turbine/generator. Any leftover water 

and condensed steam are injected back into the reservoir, making this a sustainable resource. 

 

 
 

SOLAR ENERGY 
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The sun is the source of the vast majority of the energy we use on earth. Most of the energy we 

use has undergone various transformations before it is finally utilized, but it is also possible to tap this 

source of solar energy as it arrives on the earth’s surface. There are many applications for the direct use 

of solar thermal energy, space heating and cooling, water heating, crop drying and solar cooking. It is a 

technology, which is well understood and widely used in many countries throughout the world. Most 

solar thermal technologies have been in existence in one form or another for centuries and have a 

wellestablished manufacturing base in most sun-rich developed countries. 

 

The most common use for solar thermal technology is for domestic water heating. Hundreds of 

thousands of domestic hot water systems are in use throughout the world, especially in areas such as 

the Mediterranean and Australia where there is high solar insulation (the total energy per unit area 

received from the sun). As world oil prices vary, it is a technology, which is rapidly gaining acceptance 

as an energy saving measure in both domestic and commercial water heating applications. Presently, 

domestic water heaters are usually only found amongst wealthier sections of the community in 

developing countries. Other technologies exist which take advantage of the free energy provided by the 

sun. Water heating technologies are usually referred to as active solar technologies, whereas other 

technologies, such as space heating or cooling, which passively absorb the energy of the sun and have 

no moving components, are referred to as passive solar technologies. More sophisticated solar 

technologies exist for providing power for electricity generation. We will look at these briefly later in 

this fact sheet. 
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Sun is the source of many forms of energy available to us. Do you know how energy is obtained from 

the sun? The most abundant element in sun is hydrogen. It is in a plasma state. This hydrogen at high 

temperature, high pressure and high density undergoes nuclear fusion and hence releases an enormous 

amount of energy. This  energy is emitted as radiations of different forms in the electromagnetic 

spectrum. 

 

Out of these X-rays, gamma rays and most of ultraviolet rays do not pass through the earth's 

atmosphere. But heat energy and light energy are the main radiations that reach the earth. This energy 

is the basis for the existence of life on earth. 

 

Sun is a sphere of intensely hot gaseous matter with a diameter of 1.39e9 m and 1.5e11 m away from 

earth. Sun has an effective black body temperature of 5762 K and has a temperature of 8e6 K to 40e6 

K. The sun is a continuous fusion reactor in which hydrogen (4 protons) combines to form helium (one 

He nucleus). The mass of the He nucleus is less than that of the four protons, mass having been lost in 

the reaction and converted to energy. The energy received from the sun on a unit area perpendicular to 

the direction of propagation of radiation outside atmosphere is called solar constant, and has a value 

1353 Wm– 2. This radiation when received on the earth has a typical value of 1100 Wm– 2 and is 

variable. The wavelength range is 0.29 to 2.5 micro meters. This energy is typically converted into 
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usual energy form through natural and man-made processes. Natural processes include wind and 

biomass. Man-made processes include conversion into heat and electricity. 

 

SOLAR THERMAL POWER PLANT 

In the solar power plant, solar energy is used to generate electricity. Sunrays are focused using concave 

reflectors on to copper tubes filled with water and painted black outside. The water in the tubes then 

boils and become steam. This steam is used to drive steam turbine, which in turn causes the generator 

to work. A plant using this principle is working on experimental basis in Gurgaon in Haryana. Its 

capacity is 500 kilowatt. Another plant of similar type is being constructed in Jodhpur in Rajastan. 

Many power plants today use fossil fuels as a heat source to boil water. The steam from the boiling 

water rotates a large turbine, which activates a generator that produces electricity. However, a new 

generation of power plants, with concentrating solar power systems, uses the sun as a heat source. 

There are three main types of concentrating solar power systems: parabolic-trough, dish/engine, and 

power tower. 

  

Parabolic-trough systems concentrate the sun’s energy through long rectangular, curved (U-shaped) 

mirrors. The mirrors are tilted toward the sun, focusing sunlight on a pipe that runs down the center of 

the trough. This heats the oil flowing through the pipe. The hot oil then is used to boil water in a 

conventional steam generator to produce electricity. 

 

A dish/engine system uses a mirrored dish (similar to a very large satellite dish). The dishshaped 

surface collects and concentrates the sun's heat onto a receiver, which absorbs the heat and transfers it 

to fluid within the engine. The heat causes the fluid to expand against a piston or turbine to produce 

mechanical power. The mechanical power is then used to run a generator or alternator to produce 

electricity. 

 

A power tower system uses a large field of mirrors to concentrate sunlight onto the top of a tower, 

where a receiver sits. This heats molten salt flowing through the receiver. Then, the salt’s heat is used 

to generate electricity through a conventional steam generator. Molten salt retains heat efficiently, so it 

can be stored for days before being converted into electricity. That means electricity can be produced 

on cloudy days or even several hours after sunset. 
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Solar Power Tower Power PlantThe first is the 'Solar Power Tower' design which uses thousands of 

sun-tracking reflectors or heliostats to direct and concentrate solar radiation onto a boiler located atop a 

tower. The temperature in the boiler rises to 500 – 7000°C and the steam raised can be used to drive a 

turbine, which in turn drives an electricity producing turbine. There are also called central Receiver 

Solar Power Plants. 

 

It can be divided into solar plant and conventional steam power plant. The flow diagram is given in 

Figure. 

 
 

A heliostat field consists of a large number of flat mirrors of 25 to 150 m2 area which reflects the beam 

radiations onto a central receiver mounted on a tower. Each mirror is tracked on two axis. The absorber 

surface temperature may be 400 to 1000°C. The concentration ratio (total mirror area divided by 

receiver area) may be 1500. Steam, air or liquid metal may be used as working fluid. Steam is raised 

for the conventional steam power plant. 

 

‘Distributed (Parabolic) Collector System’ Power Plant. The second type is the distributed collector 

system. It is also called solar farm power plant as a number of solar modules consisting of parabolic 

trough solar collectors are interconnected. This system uses a series of specially designed ‘Trough’ 

collectors which have an absorber tube running along their length. Large arrays of these collectors are 

coupled to provide high temperature water for driving a steam turbine. Such power stations can 

produce many megawatts (mW) of electricity, but are confined to areas where there is ample solar 

insulation. 
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Every module consists of a collector as shown in Figs. 2.13 and 2.14. It is rotated about one axis by a 

sun tracking mechanism. Thermo-oil is mostly used as heating fluid as it has very high boiling point. 

Water/steam working fluid can also be used. The tubes have evacuated glass enclosure to reduce the 

losses. The concentration ratio is between 40 and 100. The maximum oil temperature is limited 

to400°C as oil degrades above this temperature. Alternately steam at 550°C can be directly generated 

inthe absorber tube. 

 

These are commercially under operation. Fig. 2.14. shows a flow diagram of parabolic trough solar 

power plant. The working fluid is heated in collectors and collected in hot storage tank (2). The hot 

thermo-oil is used in boiler (5) to raise steam for the steam power plant. The boiler also is provided 

with a back-up unit (6) fired with natural gas. The cooled oil is stored in tank (3) and pumped (4) back 

to collector (1). Solar thermal power plants with a generating capacity of 80 MW are functioning in the 

USA. 

 

Solar Chimney Power Plant. The air stream is heated by solar radiation absorbed by the ground and 

covered by a transparent cover. The hot air flow through or chimney which gives the air a certain 

velocity due to pressure drop caused by the chimney effect. The hot air flows through an air turbine to 

generate power. 
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OCEAN THERMAL ENERGY CONVERSION 

Ocean thermal energy is used for many applications, including electricity generation. There are three 

types of electricity conversion systems: closed-cycle, open-cycle, and hybrid. Closed-cycle systems 

use the ocean’s warm surface water to vaporize a working fluid, which has a low-boiling point, such as 

ammonia. The vapor expands and turns a turbine. The turbine then activates a generator to produce 

electricity. Open-cycle systems actually boil the seawater by operating at low pressures. This produces 

steam that passes through a turbine/generator. Hybrid systems combine both closed-cycle and open-

cycle systems. Depending Upon these electricity conversion systems the Ocean power plant can be 

divided mainly in to two groups. 

 

The Open or Claude OTEC Cycle Power Plant.  

The Frenchman Georges Claude constructed the first OTEC plant in 1929 on the Mantanzas Bay in 

Cuba. 

The Claude plant used an open cycle in which seawater itself plays the multiple role of heat source, 

working fluid, coolant, and heat sink. 

 



Power Plant Engineering 
Fatima Michael College of Engineering and Technology, Madurai 

 

 
In the cycle warm surface water at 27°C is admitted into an evaporator in which the pressure is 

maintained at a value slightly below the saturation pressure corresponding to that water temperature. 

Water entering the evaporator, there four, finds itself “superheated” at the new pressure. 

 

This temporarily superheated water undergoes volume boiling causing that water to partially flash to 

steam to an equilibrium two-phase condition at the new pressure and temperature. The low pressure in 

the evaporator is maintained by a vacuum pump that also removes the dissolved noncondensable gases 

from the evaporator. 

 

The evaporator now contains a mixture of water and steam of very low quality at 2. The steam is 

separated from the water as saturated vapor at 3. The remaining water is saturated at 4 and is 

discharged as brine back to the ocean. The steam at 3 is, by conventional power plant standards, a very 

lowpressure, very high specific-volume working fluid (0.0317 bar, 43.40 m3 /kg, compared to about 

160 bar, 0.021 m3/kg for modern fossil power plants). It expands in a specially designed turbine that 

can handle such conditions to 5. Since the turbine exhaust system will be discharged back to the ocean 

in the open cycle, a direct-contact condenser is used, in which the exhaust at 5 is mixed with cold 

water from the deep cold-water pipe at 6, which results in a near-saturated water at 7. That water is 

now discharged to the ocean. 

 

The cooling water reaching the condenser at 13°C is obtained from deep water at 11°C (51.8°F). This 

rise in temperature is caused by heat transfer between the progressively warmer outside water and the 

cooling water inside the pipe as it ascends the cold water pipe. 
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There are thus three temperature differences, all about 2°C: one between warm surface water and 

working steam, one between exhaust steam and cooling water, and one between cooling water reaching 

the condenser and deep water. 'These represent external irreversibility’s that reduce the overall 

temperature difference between heat source and sink from 27 – 11 = 16°C (28.8°F) to 25 – 15 = 10°C 

(18°F) as the temperature difference available for cycle work. It is obvious that because of the very low 

temperature differences available to produce work, the external differences must be kept to absolute 

minimum to realize as high efficiency as possible. Such a necessary approach, unfortunately, also 

results in very large warm and cold water flows and hence pumping power, as well as large heavy cold 

water pipes. 

 

The Closed or Anderson, OTEC Cycle Power Plant.  

d’Arsonval’s original concept in 1881 was that of a closed cycle that also utilizes the ocean’s warm 

surface and cool deep waters as heat source and sink, respectively, but requires a separate working 

fluid that receives and rejects heat to the source and sink via heat exchangers (boiler and surface con-

denser). The working fluid may be ammonia, propane, or a Freon. The operating (saturation) pressures 

of such fluids at the boiler and condenser temperatures are much higher than those of water, being 

roughly 10 bar at the boiler, and their specific volumes are much lower, being comparable to those of 

steam in conventional power plants. 

 
 

Such pressures and specific volumes result in turbines that are much smaller and hence less costly than 

those that use the low-pressure steam of the open cycle. The closed cycle also avoids the problems of 

the evaporator. It, however, requires the use of very large heat exchangers (boiler and condenser) 

because, for an efficiency of about 2 percent, the amounts of heat added and rejected are 50 times the 

output of the plant. 
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In addition, the temperature differences in the boiler and condenser must be kept as low as possible to 

allow for the maximum possible temperature difference across the turbine, which also contributes to 

the large surfaces of these units. 

 

Barjot first proposed the closed-cycle approach in 1926, but the most recent design was by Anderson 

and Anderson in the 1960s. The closed cycle is sometimes referred to as the Anderson cycle. The 

Andersons chose propane as the working fluid with a 20°C temperature difference between warm 

surface and cool water, the latter some 600 m deep. Propane is vaporized in the boiler at 10 bars or 

more and exhausted in the condenser at about 5 bars. 

 

In order to minimize the mass and the amount of material (and hence cost) used to manufacture the 

immensely large heat exchangers, the Anderson OTEC system employs thin plate-type heat 

exchangers instead of the usual heavier and more expensive shell-and-tube heat exchangers. To help 

reduce the thickness of the plates, the heat exchangers are placed at depths where the static pressure of 

the water in either ex-changer roughly equals the pressure of the working fluid. Thus if propane is the 

working fluid in the boiler at 26.7°C and 9.9 bar the boiler. 

 

 

TIDAL POWER GENERATION 

Principle of Tidal power generation: 

Tide or wave is periodic rise and fall of water level of the sea. Tides occur due to the attraction of sea 

water by the moon. Tides contain large amount of potential energy which is used for power generation. 

When the water is above the mean sea level, it is called flood tide. When water level is below the mean 

level it is called ebb tide. 

Working of Tidal power generation: 

The arrangement of this system is shown in image. The ocean tides rise and fall and water can be 

stored during the rise period and it can be discharged during fall. A dam is constructed separating the 

tidal basin from the sea and a difference in water level is obtained between the basin and sea. 
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* During high tide period, water flows 

from the sea into the tidal basin 

through the water turbine. The height 

of tide is above the tidal basin. Hence 

the turbine unit operates and 

generates power, as it is directly 

coupled to a generator. 

* During low tide period, water flows 

from tidal basin to sea, as the water 

level in the basin is more than that of 

the tide in the sea. During this period 

also, the flowing water rotates the 

turbine and generates power. 

The generation of power stops only 

when sea level and the tidal basin 

level are equal. For the generation of 

power economically using this source 

of energy requires some minimum 

tide height and suitable site. Kislaya 

power plants in France are the only 

examples of this type of power plant. 

 

Advantages of tidal power plants 

1. It is free from pollution as it does not use any fuel. 

2. It is superior to hydro-power plant as it is totally independent of rain. 

3. It improves the possibility of fish farming in the tidal basins and it can provide recreational 

facilities to visitors and holiday makers. 

Disadvantages of tidal power plants: 

Tidal power plants can be developed only if natural sites are available on the bay. 

1. As the sites are available on the bays which are always far away from load centers, the power 

generated has to be transmitted to long distances. This increases the transmission cost and transmission 

losses. 

2. The supply of power is not continuous as it depends upon the timing of tides. 
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3. The navigation is obstructed. 

4. Utilization of tidal energy on small scale is not economical. 

 

WIND POWER GENERATION 

The primitive man had to use his muscle power to carry out different works in his attempt of obtaining 

the necessities of life. The demand for more power and the scarcity of man power and the ready 

availability of natural resources like wind, water, etc., might have formed the reason why the ancient 

man turned his attention to the utilization of these resources as sources of power; thus originated the 

early prime movers namely wind mill and water wheel. 

Principle of wind mill: 

Wind flow is created as an effect of solar heat. Winds are caused due to the absorption of solar energy 

on the earth surface and the rotation of earth about its own axis and around the sun. because of this, 

alternate heating and cooling occurs and difference in pressure is obtained and the air movement is 

caused. 

The flowing wind which has kinetic energy is used to rotate the wind turbine which is also known as 

wind mill. Although wind mills have been used for more than a dozen centuries for pumping water and 

grinding grains, interest in large scale power generation had developed over the past 50 years. 

The earth’s atmosphere is thus a marvelous solar driven heat engine. It is estimated that roughly 10 

million MW of energy is continuously available in the earth’s winds. 

Types of winds mills 

Wind mills are classified as 

Horizontal axis type and 

Vertical axis type, Depending on their axis of rotation. 

Horizontal axis wind mills are further classified as single-bladed, double-bladed and multi-bladed 

types. 

Horizontal axis wind mill with double blade rotor: 

In the horizontal axis single blade type, the blade is of propeller type with counter weight arrangement. 

The double blade type gives a better performance than the single blade type. 
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In the double-blade type, the blade has thick cross 

section of an aerofoil. At the tip of the blade, the 

velocity is about six times the wind velocity. The blade 

is set at right angles to the direction of the wind. Ideally 

the blades should be twisted, but because of 

construction difficulties this is not always achieved. 

The blade rotor drives a generator through a gear box. 

It is mounted on a bed plate attached on the top of the 

tower. 

Blade material: the blades are made from aluminum or 

sheet metal. Not a single large wind turbine – generator 

with metal blades has operated for longer than one year 

without a blade failure. The suitable material required 

is a major problem in developing wind mills of higher 

power generation capacity. 

With rotor, the tower is also subjected to the wind loads 

which may cause serious damage. Hence the structure 

of the tower should be so designed to withstand the 

wind load. 

The best sites for the wind energy are found off-shore 

and sea coast. The second best sites are in mountains. 

The lowest level of wind energy is found in plains, 

where values are generally three or four times lower 

than that at the coast. 

 

Multiblade rotor: 

It is shown in image below. Rotors with more than two blades will produce high power. 
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Sail type blades: 

It is of recent origin. The blade surface is made 

from cloth, nylon or plastic arranged as sail 

wings. There is also variation in the number of 

sails used. 

The horizontal axis types generally have better 

performance than vertical types. They are mainly 

used for power generation and pumping water. 

The biggest wind mill erected for power 

generation is of 2500kW capacity in U.S.A. 

Advantages of Wind Power Generation: 

The wind energy is a renewable source of energy. It is free and inexhaustible. 

1. The power requirements for irrigation, lighting and small industrial units can be fulfilled with the use 

of wind energy. Power generation on large scale using wind energy is not yet so successful, but the 

small wind mills will play a vital role in the present condition of power shortage. 

2. It does not need transportation. 

3. Like all forms of solar energy, wind power systems are non-polluting. 

Disadvantages of Wind Power Generation: 

Wind velocity is fluctuating which makes the complications in designing a wind power plant. 

1. Some form of storage of wind energy is essential to maintain a constant supply of power. 

2. The wind is a very hazardous, treacherous and unpredictable source of energy. Blowing in strong gusts 

from varying directions causing hurricanes, the wind may smash the whole plant within no time. To 

avoid this, special and costly designs and controls are always required. 

3. It is considered suitable and economical to generate power on a small scale of order of 2 MW. 

4. Power production cost with the present technology available may not compete with the conventional 

power generating systems. This is because, 1000s of units are required to provide the power output of 

one fossil-fueled plant. 

5. Wind energy systems are noisy in operation. A large unit can be heard many kilometers away. 

 

 

PUMPED STORAGE POWER PLANTS 
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These plants supply the peak load for the base load power plants and pump all or a portion of their own 

water supply. The usual construction would be a tail water pond and a head water pond connected 

through a penstock. The generating pumping plant is at the lower end. During off peak hours, some of 

the surplus electric energy being generated by the base load plant, is utilized to pump the water from 

tail water pond into the head water pond and this energy will be stored there. During times of peak 

load, this energy will be released by allowing the water to flow from the head water pond through the 

water turbine of the pumped storage plant. These plants can be used with hydro, steam and i.e. engine 

plants. This plant is nothing but a hydraulic accumulator system and is shown in Figure. These plants 

can have either vertical shaft arrangement or horizontal shaft arrangement. In the older plants, there 

were separate motor driven pumps and turbine driven generators. The improvement was the pump and 

turbine on the same shaft with the electrical element acting as either generator or motor. The latest 

design is to use a Francis turbine which is just the reverse of centrifugal pump. When the water flows 

through it from the head water pond it will act as a turbine and rotate the generator. When rotated in 

the reverse direction by means of an electric motor, it will act as a pump to shunt the water from the 

tail water pond to the head water pond. 

 
The efficiency of such a plant is never 100 per cent. Some water may evaporate from the head water 

pond resulting in the reduction in the stored energy or there might be run off through the soil. 

 

 

TERMS AND FACTORS 
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1. Load Factor 

It is defined as the ratio of the average load to the peak load during a certain prescribed period of time. 

The load factor of a power plant should be high so that the total capacity of the plant is utilized for the 

maximum period that will result in lower cost of the electricity being generated. It is always less than 

unity. 

 

High load factor is a desirable quality. Higher load factor means greater average load, resulting in 

greater number of power units generated for a given maximum demand. Thus, the fixed cost, which is 

proportional to the maximum demand, can be distributed over a greater number of units (kWh) 

supplied. This will lower the overall cost of the supply of electric energy. 

 

2. Utility Factor 

It is the ratio of the units of electricity generated per year to the capacity of the plant installed in the 

station. It can also be defined as the ratio of maximum demand of a plant to the rated capacity of the 

plant. Supposing the rated capacity of a plant is 200 mW. The maximum load on the plant is 100 mW 

at load factor of 80 per cent, then the utility will be  

= (100 × 0.8)/(200) = 40% 

 

3. Plant Operating Factor 

It is the ratio of the duration during which the plant is in actual service, to the total duration of the 

period of time considered. 

 

4. Plant Capacity Factor 

It is the ratio of the average loads on a machine or equipment to the rating of the machine or 

equipment, for a certain period of time considered. Since the load and diversity factors are not involved 

with ‘reserve capacity’ of the power plant, a factor is needed which will measure the reserve, likewise 

the degree of utilization of the installed equipment. For this, the factor “Plant factor, Capacity factor or 

Plant Capacity factor” is defined as, 

 

Plant Capacity Factor = (Actual kWh Produced) / (Maximum Possible Energy that might have 

produced during the same period) 
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Thus the annual plant capacity factor will be, 

= (Annual kWh produced) / [Plant capacity (kW) × hours of the year] 

The difference between load and capacity factors is an indication of reserve capacity. 

 

5. Demand Factor 

The actual maximum demand of a consumer is always less than his connected load since all the 

appliances in his residence will not be in operation at the same time or to their fullest extent. This ratio 

of' the maximum demand of a system to its connected load is termed as demand factor. It is always less 

than unity. 

 

6. Diversity Factor 

Supposing there is a group of consumers. It is known from experience that the maximum demands of 

the individual consumers will not occur at one time. The ratio of the sum of the individual maximum 

demands to the maximum demand of the total group is known as diversity factor. It is always greater 

than unity.  

 

High diversity factor (which is always greater than unity) is also a desirable quality. With a given 

number of consumers, higher the value of diversity factor, lower will be the maximum demand on the 

plant, since, 

 

Diversity factor = Sum of the individual maximum Demands / Maximum demand of the total group 

 

So, the capacity of the plant will be smaller, resulting in fixed charges. 

 

7. Load Curve 

It is a curve showing the variation of power with time. It shows the value of a specific load for each 

unit of the period covered. The unit of time considered may be hour, days, weeks, months or years. 

 

8. Load Duration Curve 

It is the curve for a plant showing the total time within a specified period, during which the load 

equaled or exceeded the values shown. 
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9. Dump Power 

This term is used in hydro plants and it shows the power in excess of the load requirements and it is 

made available by surplus water. 

 

10. Firm Power 

It is the power, which should always be available even under emergency conditions. 

 

11. Prime Power 

It is power, may be mechanical, hydraulic or thermal that is always available for conversion into 

electric power. 

 

12. Cold Reserve 

It is that reserve generating capacity which is not in operation but can be made available for service. 

 

13. Hot Reserve 

It is that reserve generating capacity which is in operation but not in service. 

 

14. Spinning Reserve 

It is that reserve generating capacity which is connected to the bus and is ready to take the load. 

 

15. Plant Use Factor 

This is a modification of Plant Capacity factor in that only the actual number of hours that the plant 

was in operation is used. Thus Annual Plant Use factor is, 

= (Annual kWh produced) / [Plant capacity (kW) × number of hours of plant operation] 

 

 

 

COST OF ELECTRIC ENERGY- FIXED AND OPERATING COSTS 

The cost of a power plant depends upon, when a new power plant is to set up or an existing 

plant is to be replaced or plant to be extended. The cost analysis includes 

1. Fixed Cost 
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It includes Initial cost of the plant, Rate of interest, Depreciation cost, Taxes, and Insurance. 

2. Operational Cost 

It includes Fuel cost, Operating labour cost, Maintenance cost, Supplies, Supervision, 

Operating taxes. 

1. INITIAL COST 

The initial cost of a power station includes the following: 

1. Land cost 

2. Building cost 

3. Equipment cost 

4. Installation cost 

5. Overhead charges, which will include the transportation cost, stores and storekeeping charges, 

interest during construction etc. 

 

To reduce the cost of building, it is desirable to eliminate the superstructure over the boiler house and 

as far as possible on turbine house also. 

 

Adopting unit system where one boiler is used for one turbo-generator can reduce the cost on 

equipment. Also by simplifying the piping system and elimination of duplicate system such as steam 

headers and boiler feed headers. Eliminating duplicate or stand-by auxiliaries can further reduce the 

cost. 

 

When the power plant is not situated in the proximity to the load served, the cost of a primary 

distribution system will be a part of the initial investment. 

 

RATE OF INTEREST 

All enterprises need investment of money and this money may be obtained as loan, through bonds and 

shares or from owners of personal funds. Interest is the difference between money borrowed and 

money returned. It may be charged at a simple rate expressed as % per annum or may be compounded, 

in which case the interest is reinvested and adds to the principal, thereby earning more interest in 

subsequent years. Even if the owner invests his own capital the charge of interest is necessary to cover 

the income that he would have derived from it through an alternative investment or fixed deposit with 

a bank. Amortization in the periodic repayment of the principal as a uniform annual expense. 
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DEPRECIATION 

Depreciation accounts for the deterioration of the equipment and decrease in its value due to corrosion, 

weathering and wear and tear with use. It also covers the decrease in value of equipment due to 

obsolescence. With rapid improvements in design and construction of plants, obsolescence factor is of 

enormous importance. Availability of better models with lesser overall cost of generation makes it 

imperative to replace the old equipment earlier than its useful life is spent. The actual life span of the 

plant has, therefore, to be taken as shorter than what would be normally expected out of it.  

The following methods are used to calculate the depreciation cost: 

(1) Straight line method 

(2) Percentage method 

(3) Sinking fund method 

(4) Unit method. 

 

Straight Line Method. It is the simplest and commonly used method. The life of the equipment or the 

enterprise is first assessed as also the residual or salvage value of the same after the estimated life span. 

This salvage value is deducted from the initial capital cost and the balance is divided by the life as 

assessed in years. Thus, the annual value of decrease in cost of equipment is found and is set aside as 

depreciation annually from the income. Thus, the rate of depreciation is uniform throughout the life of 

the equipment. By the time the equipment has lived out its useful life, an amount equivalent to its net 

cost is accumulated which can be utilized for replacement of the plant. 

 

Percentage Method. In this method the deterioration in value of equipment from year to year is taken 

into account and the amount of depreciation calculated upon actual residual value for each year. It thus, 

reduces for successive years. 

 

Sinking Fund Method. This method is based on the conception that the annual uniform deduction 

from income for depreciation will accumulate to the capital value of the plant at the end of life of the 

plant or equipment. In this method, the amount set aside per year consists of annual installments and 

the interest earned on all the installments. 
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Unit Method. In this method some factor is taken as a standard one and, depreciation is measured by 

that standard. In place of years equipment will last, the number of hours that equipment will last is 

calculated. This total number of hours is then divided by the capital value of the equipment. This 

constant is then multiplied by the number of actual working hours each year to get the value of 

depreciation for that year. In place of number of hours, the number of units of production is taken as 

the measuring standard. 

 

OPERATIONAL COSTS 

The elements that make up the operating expenditure of a power plant include the following 

(1) Cost of fuels. 

(2) Labour cost. 

(3) Cost of maintenance and repairs. 

(4) Cost of stores (other than fuel). 

(5) Supervision. 

(6) Taxes. 

 

COST OF FUELS 

In a thermal station fuel is the heaviest item of operating cost. The selection of the fuel and the 

maximum economy in its use are, therefore, very important considerations in thermal plant design. It is 

desirable to achieve the highest thermal efficiency for the plant so that fuel charges are reduced. The 

cost of fuel includes not only its price at the site of purchase but its transportation and handling costs 

also. In the hydro plants the absence of fuel factor in cost is responsible for lowering the operating 

cost. Plant heat rate can be improved by the use of better quality of fuel or by employing better 

thermodynamic conditions in the plant design. 

The cost of fuel varies with the following: 

(1) Unit price of the fuel. 

(2) Amount of energy produced. 

(3) Efficiency of the plant. 

 

LABOUR COST 

For plant operation labour cost is another item of operating cost. Maximum labour is needed in a 

thermal power plant using. Coal as a fuel. A hydraulic power plant or a diesel power plant of equal 
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capacity requires a lesser number of persons. In case of automatic power station the cost of labour is 

reduced to a great extent. However labour cost cannot be completely eliminated even with fully 

automatic station, as they will still require some manpower for periodic inspection etc. 

 

COST OF MAINTENANCE AND REPAIRS 

In order to avoid plant breakdowns maintenance is necessary. Maintenance includes periodic 

cleaning, greasing, adjustments and overhauling of equipment. The material used for maintenance is 

also charged under this head. Sometimes an arbitrary percentage is assumed as maintenance cost. A 

good plan of maintenance would keep the sets in dependable condition and avoid the necessity of too 

many stand-by plants. 

 

Repairs are necessitated when the plant breaks down or stops due to faults developing in the 

mechanism. The repairs may be minor, major or periodic overhauls and are charged to the depreciation 

fund of the equipment. This item of cost is higher for thermal plants than for hydro-plants due to 

complex nature of principal equipment and auxiliaries in the former. 

 

 

 

COST OF STORES 

The items of consumable stores other than fuel include such articles as lubricating oil and greases, 

cotton waste, small tools, chemicals, paints and such other things. The incidence of this cost is also 

higher in thermal stations than in hydro-electric power stations. 

 

SUPERVISION 

In this head the salary of supervising staff is included. A good supervision is reflected in lesser 

breakdowns and extended plant life. The supervising staff includes the station superintendent, chief 

engineer, chemist, engineers, supervisors, stores incharges, purchase officer and other establishment. 

Again, thermal stations, particularly coal fed, have a greater incidence of this cost than the hydro-

electric power stations. 

 

TAXES 

The taxes under operating head include the following: 
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(i) Income tax 

(ii) Sales tax 

(iii) Social security and employee’s security etc 

 

ECONOMICS IN PLANT SELECTION 

A power plant should be reliable. The capacity of a power plant depends upon the power demand. The 

capacity of a power plant should be more than predicted maximum demand. It is desirable that the 

number of generating units should be two or more than two. The number of generating units should be 

so chosen that the plant capacity is used efficiently. Generating cost for large size units running at high 

load factor is substantially low. However, the unit has to be operated near its point of maximum 

economy for most of the time through a proper load sharing programme. Too many stand bys increase 

the capital investment and raise the overall cost of generation. 

 

The thermal efficiency and operating cost of a steam power plant depend upon the steam conditions 

such as throttle pressure and temperature. 

 

The efficiency of a boiler is maximum at rated capacity. Boiler fitted with heat recovering devices like 

air preheater, economizer etc. gives efficiency of the order of 90%. But the cost of additional 

equipment (air preheater economizer) has to be balanced against gain in operating cost. 

 

Power can be produced at low cost from a hydropower plant provided water is available in large 

quantities. The capital cost per unit installed is higher if the quantity of water available is small. While 

installing a hydropower plant cost of land, cost of water rights, and civil engineering works cost should 

be properly considered as they involve large capital expenditure. 

 

The other factor, which influences the choice of hydropower plant, is the cost of power transmission 

lines and the loss of energy in transmission. The planning, design and construction of a hydro plant is 

difficult and takes sufficient time. 

 

The nuclear power plant should be installed in an area having limited conventional power resources. 

Further a nuclear power plant should be located in a remote or unpopulated are to avoid damage due to 
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radioactive leakage during an accident and also the disposal of radioactive waste should be easy and a 

large quantity of water should be available at the site selected. Nuclear power becomes competitive 

with conventional coal fired steam power plant above the unit size of 500 mW. 

 

The capital cost of a nuclear power plant is more than a steam power plant of comparable size. Nuclear 

power plants require less space as compared to any other plant of equivalent size. The cost of 

maintenance of the plant is high. 

 

The diesel power plant can be easily located at the load centre. The choice of the diesel power plant 

depends upon thermodynamic considerations. The engine efficiency improves with compression ratio 

but higher pressure necessitates heavier construction of equipment with increased cost. Diesel power 

plants are quite suitable for smaller outputs. The gas turbine power plant is also suitable for smaller 

outputs. The cost of a gas turbine plant is relatively low. The cost of gas turbine increases as the 

sample plant is modified by the inclusion of equipment like regenerator, reheater, and intercooler 

although there is an improvement in efficiency of the plant by the above equipment. This plant is quite 

useful for regions where gaseous fuel is available in large quantities. 

 

In order to meet the variable load the prime movers and generators have to act fairly quickly to take up 

or shed load without variation of the voltage or frequency of the system. This requires that supply of 

fuel to the prime mover should be carried out by the action of a governor. Diesel and hydropower 

plants are quick to respond to load variation as the control supply is only for the prime mover. In a 

steam power plant control is required for the boilers as well as turbine. Boiler control may be manual 

or automatic for feeding air, feed water fuel etc. Boiler control takes time to act and therefore, steam 

powers plants cannot take up the variable load quickly. Further to cope with variable load operation it 

is necessary for the power station to keep reserve plant ready to maintain reliability and continuity of 

power supply at all times. To supply variable load combined working of power stations is also 

economical. 

 

For example to supply a load the base load may be supplied by a steam power plant and peak load may 

be supplied by a hydropower plant or diesel power plant. 
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The size and number of generating units should be so chosen that each will operate on about full load 

or the load at which it gives maximum efficiency. The reserve required would only be one unit of the 

largest size. In a power station neither there should be only one generating unit nor should there be a 

large number of small sets of different sizes. In steam power plant generating sets of 80 to 500 mW are 

quite commonly used whereas the maximum size of diesel power plant generating sets is about 4000 

kW. Hydro-electric generating sets up to a capacity of 200 mW are in use in U.S.A. 

 

 

ECONOMIC OF POWER GENERATION 

Economy is the main principle of design of a power plant. Power plant economics is important in 

controlling the total power costs to the consumer. Power should be supplied to the consumer at the 

lowest possible cost per kWh. The total cost of power generation is made up of fixed cost and 

operating cost. Fixed cost consists of interest on capital, taxes, insurance and management cost. 

Operating cost consists of cost of fuel labour, repairs, stores and supervision. The cost of power 

generation can be reduced by, 

(i) Selecting equipment of longer life and proper capacities. 

(ii) Running the power station at high load factor. 

(iii) Increasing the efficiency of the power plant. 

(iv) Carrying out proper maintenance of power plant equipment to avoid plant breakdowns. 

(v) Keeping proper supervision as a good supervision is reflected in lesser breakdowns and extended 

plant life. 

(vi) Using a plant of simple design that does not need highly skilled personnel. 

 

Power plant selection depends upon the fixed cost and operating cost. The fuel costs are relatively low 

and fixed cost and operation and maintenance charges are quite high in a case of a nuclear power plant. 

The fuel cost in quite high in a diesel power plant and for hydro power plant the fixed charges are high 

of the order of 70 to 80% of the cost of generation. Fuel is the heaviest items of operating cost in a 

steam power station. A typical proportion of generating cost for a steam power station is as follows : 

Fuel cost = 30 to 40% 

Fixed charges for the plant = 50 to 60% 
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Operation and maintenance cost = 5 to 10% 

 

The power generating units should be run at about full load or the load at which they can give 

maximum efficiency. The way of deciding the size and number of generating units in the power station 

is to choose the number of sets to fit the load curve as closely at possible. It is necessary for a power 

station to maintain reliability and continuity of power supply at all times. In an electric power plant the 

capital cost of the generating equipment’s increases with an increase in efficiency. The benefit of such 

increase in the capital investment will be realized in lower fuel costs as the consumption of fuel 

decreases with an increase in cycle efficiency. 

 

4Figure shows the variation of fixed cost and operation cost with investment. 

 
EFFECT OF PLANT TYPE ON RATES (TARIFFS OR ENERGY ELEMENT) 

 

Rates are the different methods of charging the consumers for the consumption of electricity. It is 

desirable to charge the consumer according to his maximum demand (kW) and the energy consumed 

(kWh). The tariff chosen should recover the fixed cost, operating cost and profit etc. incurred in 

generating the electrical energy. 

 

REQUIREMENTS OF A TARIFF 

Tariff should satisfy the following requirements: 

(1) It should be easier to understand. 

(2) It should provide low rates for high consumption. 

(3) It should encourage the consumers having high load factors. 

(4) It should take into account maximum demand charges and energy charges. 
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(5) It should provide less charge for power connections than for lighting. 

(6) It should avoid the complication of separate wiring and metering connections. 

TYPES OF TARIFFS 

The various types of tariffs are as follows, 

(1) Flat demand rate 

(2) Straight line meter rate 

(3) Step meter rate 

(4) Block rate tariff 

(5) Two part tariff 

(6) Three part tariff 

 

The various types of tariffs can be derived from the following general equation: 

Y = DX + EZ + C 

where 

Y = Total amount of bill for the period considered. 

D = Rate per kW of maximum demand. 

X = Maximum demand in kW. 

E = Energy rate per kW. 

Z = Energy consumed in kWh during the given period. 

C = Constant amount to be charged from the consumer during each billing period. 

 

VARIOUS TYPES OF TARIFFS 

(1) Flat Demand Rate.  

It is based on the number of lamps installed and a fixed number of hours of use per month or 

per year. The rate is expressed as a certain price per lamp or per unit of demand (kW) of the consumer. 

This energy rate eliminates the use of metering equipment. It is expressed by the expression. 
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(2) Straight Line Meter Rate 

According to this energy rate the amount to be charged from the consumer depends upon the energy 

consumed in kWh which is recorded by a means of a kilowatt hour meter. It is expressed in the form 

Y = EZ 

This rate suffers from a drawback that a consumer using no energy will not pay any amount although 

he has incurred some expense to the power station due to its readiness to serve him. Secondly since the 

rate per kWh is fixed, this tariff does not encourage the consumer to use more power. 

 

(3) Step Meter Rate 

According to this tariff the charge for energy consumption goes down as the energy consumption 

becomes more. This tariff is expressed as follows. 

Y = EZ  If 0 <=•Z <=•A 

Y = E1Z1  If A <=•Z1 <=•B 

Y = E2Z2  If B <=•Z2 <=•C 

And so on. Where E, E1, E2 are the energy rate per kWh and A, B and C, are the limits of energy 

consumption. 

 

(4) Block Rate Tariff 

According to this tariff a certain price per units (kWh) is charged for all or any part of block of each 

unit and for succeeding blocks of energy the corresponding unit charges decrease. 

It is expressed by the expression 

Y = E1Z1 + E2Z2 + E3Z3 + E4Z4 +..... 

where E1, E2, E3.... are unit energy charges for energy blocks of magnitude Z1, Zz, Zg,.... 

respectively. 
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(5) Two Part Tariff (Hopkinson Demand Rate) 

In this tariff the total charges are based on the maximum demand and energy consumed. It is expressed 

as 

Y = D . X + EZ  

A separate meter is required to record the maximum demand. This tariff is used for industrial loads. 

 

(6) Three-Part Tariff (Doherty Rate) 
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According to this tariff the customer pays some fixed amount in addition to the charges for maximum 

demand and energy consumed. The fixed amount to be charged depends upon the occasional increase 

in fuel price, rise in wages of labour etc. It is expressed by the expression 

 

Y = DX + EZ + C. 

 

 


