POWER PLANT ENGINEERING
Course Objectives:
 Power plant engineering deals with the study of energy, its sources and utilization of energy
for power generation. The power is generated by prime movers (example Hydraulic turbines,
steam turbines, diesel engines).
 Large amount of power is generated using prime movers in a site or layout called power
plants, where all the equipment's and machineries required for power generation is located.
Energy may be defined as the capacity to do work.
 Energy exists in various forms, such as Mechanical Energy, thermal energy, electrical energy,
solar energy etc. Electricity is the only form of energy, which is easy to produce, easy to
transport, easy to use and easy to control.
 Electricity consumption per capita is the index of the living standard people of a place or
country i.e. the utilization of energy is an indication of the growth of the nation.
UNIT I: THERMAL POWER PLANTS:
Basic thermodynamic cycles, various components of steam power plant-layout pulverized
coal burners Fluidized bed combustion-coal handling systems-ash handling systems- Forced
draft and induced draft fans- Boilers- feed pumps-super heater- regenerator-condenserdeaerators-cooling tower.
INTRODUCTION:
 In this modern world, the dependence on electricity is so much that it has become a part
and parcel of our life. The ever-increasing use of electric power for domestic, commercial
and industrial purposes necessitates to provide bulk electric power economically. This is
achieved with the help of suitable power producing units, known as Power plants or Electric
power generating stations. The design of a power plant should incorporate two important
aspects. Firstly, the selection and placing of necessary power-generating equipment should
be such so that a maximum of return will result from a minimum of expenditure over the
working life of the plant. Secondly, the operation of the plant should be such so as to
provide cheap, reliable and continuous service. “A power plant may be defined as a machine
or assembly of equipment that generates and delivers a flow of mechanical or electrical
energy.” The main equipment for the generation of electric power is generator. When
coupling it to a prime mover runs the generator, the electricity is generated. The type of
prime move determines, the type of power plants.

 Steam power plant
 Diesel power plant
 Gas turbine power plant
 Nuclear power plant
 Hydroelectric power plant
The Steam Power Plant, Diesel Power Plant, Gas Turbine Power Plant and Nuclear Power
Plants are called THERMAL POWER PLANT, because these convert heat into electric energy.
UNIT OF ENERGY:
 The capacity of an agent to do work is known as its energy. The most important forms of
energy are mechanical energy, electrical energy and thermal energy. Different units have
been assigned to various forms of energy.


However, it must be realized that since mechanical, electrical and thermal energies are
interchangeable, it is possible to assign the same unit to them.

Mechanical energy.
 The unit of mechanical energy is newton-meter or joule on the M.K.S. or SI system.
 The work done on a body is one newton-meter (or joule) if a force of one newton moves it
through a distance of one meter
i.e., Mechanical energy in joules = Force in newton × distance in meters
Electrical energy.
 The unit of electrical energy is watt-sec or joule and is defined as follows:
 One watt-second (or joule) energy is transferred between two points if a p.d. of 1 volt exists
between them and 1 ampere current passes between them for 1 second i.e.,
Electrical energy in watt-sec (or joules) = voltage in volts × current in amperes × time in seconds
 Joule or watt-sec is a very small unit of electrical energy for practical purposes. In practice,
for the measurement of electrical energy, bigger units viz., watt-hour and kilowatt hour are
used.
1 watt-hour = 1 watt × 1 hr
= 1 watt × 3600 sec = 3600 watt-sec
1 kilowatt hour (kWh) = 1 kW × 1 hr = 1000 watt × 3600 sec = 36 x 105 watt-sec.
 wattage is the power produced or used per second. For example, a 60-watt light bulb uses
60 joules per second.
Heat:
 Heat is a form of energy which produces the sensation of warmth. The unit* of heat is
calorie, British thermal unit (B.Th.U.) and centigrade heat units (C.H.U.) on the various
systems.

 Calorie. It is the amount of heat required to raise the temperature of 1 gm of water through
1ºC
i.e., 1 calorie = 1 gm of water × 1ºC
 Sometimes a bigger unit namely kilocalorie is used. A kilocalorie is the amount of heat
required to raise the temperature of 1 kg of water through 1ºC i.e.,
1 kilocalorie = 1 kg × 1ºC = 1000 gm × 1ºC = 1000 calories
 B.Th.U. It is the amount of heat required to raise the temperature of 1 lb of water through
1ºF
i.e., 1 B.Th.U. = 1 lb × 1ºF
 C.H.U. It is the amount of heat required to raise the temperature of 1 lb of water through
1ºC
i.e., 1 C.H.U. = 1 lb × 1ºC
RELATIONSHIP AMONG ENERGY UNITS:
 The energy whether possessed by an electrical system or mechanical system or thermal
system has the same thing in common i.e., it can do some work. Therefore, mechanical,
electrical and thermal energies must have the same unit.
 This is amply established by the fact that there exists a definite relationship among the units
assigned to these energies.


It will be seen that these units are related to each other by some constant.

Electrical and Mechanical:


1 kWh = 1 kW × 1 hr
= 1000 watts × 3600 seconds = 36 × 105 watt-sec. or Joules



1 kWh = 36 ×105 Joules

 It is clear that electrical energy can be expressed in Joules instead of kWh.
Heat and Mechanical:
(a) 1 calorie = 4·18 Joules
(b) 1 C.H.U. = 1 lb × 1ºC = 453·6 gm × 1ºC
= 453·6 calories = 453·6 × 4·18 Joules = 1896 Joules
1C.H.U. = 1896 Joules
(c) 1 B.Th.U. = 1 lb × 1ºF = 453·6 gm × 5/9 ºC
= 252 calories = 252 × 4·18 Joules = 1053 Joules
1 B.Th.U. = 1053 Joules
heat energy can be expressed in Joules instead of thermal units viz. calorie, B.Th.U. and C.H.U.

Electrical and Heat
(a) 1 kWh = 1000 watts × 3600 seconds = 36 × 105 Joules
=

36∗105
4.8

calories = 860 × 103 calories

1 kWh = 860 × 103 calories or 860 kcal
(b) 1 kWh = 36 × 105 Joules = 36 × 105 /1896 C.H.U. = 1898 C.H.U.
1 kWh = 1898 C.H.U.
(c) 1 kWh = 36 × 105 Joules =

36∗105
1053

× B.Th.U. = 3418 B.Th.U.

1 kWh = 3418 B.Th.U.
1kwh

= 36* 105 joules M
= 860* 103 calories H
= 1898 C.H.U.
= 3418 B.Th.U.

PROBLEM 1:
Mechanical energy is supplied to a dc generator at the rate of 4200 J/s. The generator delivers 32.2 A
at 120 V.
(i)

What is the percentage efficiency of the generator?

(ii)

How much energy is lost per minute of operation?

Solution.
Input power, Pi = 4200 J/s = 4200 W
Output power, Po = VI = 120 × 32·2 = 3864 W
∴ Efficiency, η =

𝑝𝑜
𝑝𝑖

*100 = (3864 /4200)*100 = 92 %

(ii) Power lost, PL = Pi − Po = 4200 − 3864 = 336 W
Energy lost per minute (= 60 s) of operation = PL × t = 336 × 60 = 20160 J
STEAM POWER PLANT:
INTRODUCTION:
Steam is an important medium of producing mechanical energy. Steam has the advantage that, it can
be raised from water which is available in abundance it does not react much with the materials of the
equipment of power plant and is stable at the temperature required in the plant. Steam is used to
drive steam engines, steam turbines etc. Steam power station is most suitable where coal is available
in abundance. Thermal electrical power generation is one of the major method. Out of total power
developed in India about 60% is thermal. For a thermal power plant the range of pressure may vary
from 10 kg/cm2 to super critical pressures and the range of temperature may be from 250°C to 650°C.

The average all India Plant load factor (P.L.F.) of thermal power plants in 1987-88 has been worked
out to be 56.4% which is the highest P.L.F. recorded by thermal sector so far.

ESSENTIALS OF STEAM POWER PLANT EQUIPMENT:
STEAM POWER PLANT
A furnace to burn the fuel. Steam generator or boiler containing water. Heat generated in the furnace
is utilized to convert water in steam. Main power unit such as an engine or turbine to use the heat
energy of steam and perform work. Piping system to convey steam and water. In addition to the above
equipment the plant requires various auxiliaries and accessories depending upon the availability of
water, fuel and the service for which the plant is intended.
The flow sheet of a thermal power plant consists of the following four main circuits:
 Feed water and steam flow circuit
 Coal and ash circuit
 Air and gas circuit
 Cooling water circuit.
 A steam power plant using steam as working substance works basically on Rankine cycle.
 Steam is generated in a boiler, expanded in the prime mover and condensed in the condenser
and fed into the boiler again.
The different types of systems and components used in steam power plant are as follows:
 High pressure boiler
 Prime mover
 Condensers and cooling towers
 Coal handling system
 Ash and dust handling system

 Draught system
 Feed water purification plant
 Pumping system
Air preheater, economizer, super heater, feed heaters.
Steam condensing system consists of the following:
 Condenser
 Cooling water
 Cooling tower
 Hot well
 Condenser cooling water pump
 Condensate air extraction pump
 Air extraction pump
 Boiler feed pump
 Make up water pump.
 Coal received in coal storage yard of power station is transferred in the furnace by coal
handling unit. Heat produced due to burning of coal is utilized in converting water contained
in boiler drum into steam at suitable pressure and temperature. The steam generated is
passed through the superheater. Superheated steam then flows through the turbine. After
doing work in the turbine die pressure of steam is reduced. Steam leaving the turbine passes
through the condenser which maintain the low pressure of steam at the exhaust of turbine.
Steam pressure in the condenser depends upon flow rate and temperature of cooling water
and on effectiveness of air removal equipment. Water circulating through the condenser may
be taken from the various sources such as river, lake or sea. If sufficient quantity of water is
not available the hot water coming out of the condenser may be cooled in cooling towers and
circulated again through the condenser. Bled steam taken from the turbine at suitable
extraction points is sent to low pressure and high-pressure water heaters. Air taken from the
atmosphere is first passed through the air pre-heater, where it is heated by flue gases. The
hot air then passes through the furnace. The flue gases after passing over boiler and
superheater tubes, flow through the dust collector and then through economizer, air preheater and finally they are exhausted to the atmosphere through the chimney
POWER STATION DESIGN:
 Selection of site
 Estimation of capacity of power station.
 Selection of turbines and their auxiliaries.
 Selection of boilers, and their auxiliaries.
 Design of fuel handling system.

 Selection of condensers.
 Design of cooling system.
 Design of piping system to carry steam and water.
Selection of electrical generator. Design and control of instruments.
Design of layout of power station:
Quality of coal used in steam power station plays an important role in the design of power plant.
The various factors to be considered while designing the boilers and coal handling units are as follows
:
 Slagging and erosion properties of ash.
 Moisture in the coal. Excessive moisture creates additional problems particularly in case of
pulverized fuel power plants.
 Burning characteristic of coal.
 Corrosive nature of ash.
CHARACTERISTICS OF STEAM POWER PLANT:
The desirable characteristic for a steam power plant are as follows:
 Higher efficiency.
 Lower cost.
 Ability to burn coal especially of high ash content, and inferior coals.
 Reduced environmental impact in terms of air pollution.
 Reduced water requirement.
Higher reliability and availability.
COAL HANDLING:
Coal delivery equipment is one of the major components of plant cost. The various steps involved in
coal handling are as follows
 Coal delivery
 Unloading


Preparation

 Transfer
 Outdoor storage
 Covered storage
 In plant handling
 Weighing and measuring

 Feeding the coal into furnace.

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.
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.
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
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.

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
 Its operation is smooth and clean.
 It requires less power as compared to other types of systems.
 Large quantities of coal can be discharged quickly and continuously.
 Material can be transported on moderates inclines.
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 distance 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

Bucket elevator.
 It consists of buckets fixed to a chain. The chain moves over two wheels. The coal is carried by
the buckets from bottom and discharged at the top.

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. Although
the initial cost of this system is high but operating cost is less.
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.

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.

PULVERISED COAL BURNERS:
 Burners are used to burn the pulverized coal. The main difference between the various
burners lies in the rapidity of air-coal mixing i.e., turbulence. For bituminous coals the
turbulent type of burner is used whereas for low volatile coals the burners with long flame
should be used. A pulverized coal burner should satisfy the following requirements:
 It should mix the coal and primary air thoroughly and should bring this mixture before it enters
the furnace in contact with additional air known as secondary air to create sufficient
turbulence.
 It should deliver and air to the furnace in right proportions and should maintain stable ignition
of coal air mixture and control flame shape and travel in the furnace.
 The flame shape is controlled by the secondary air vanes and other control adjustments
incorporated into the burner. Secondary air if supplied in too much quantity may cool the
mixture and prevent its heating to ignition temperature.
 Coal air mixture should move away from the burner at a rate equal to flame front travel in
order to avoid flash back into the burner.

The various types of burners are as follows:
Long Flame Burner (U-Flame Burner):
In this burner air and coal mixture travels a considerable distance thus providing sufficient time for
complete combustion

Short Flame Burner (Turbulent Burner).
The burner is fitted in the furnace will and the flame enters the furnace horizontally

Tangential Burner.
In this system one burner is fitted attach corner of the furnace. The inclination of the burner is so
made that the flame produced are tangential to an imaginary circle at the center.

Cyclone Burner: This burner uses crushed coal intend of pulverized coal

ADVANTAGES:
 It saves the cost of pulverization because of a crusher needs less power than a pulveriser.
 Problem of fly ash is reduced. Ash produced is in the molten form and due to inclination of
furnace it flows to an appropriate disposal system.

ASH HANDLING EQUIPMENT:
Mechanical means are required for the disposal of ash. The handling equipment should perform the
following functions:
 Capital investment, operating and maintenance charges of the equipment should be low.
 It should be able to handle large quantities of ash.
 Clinkers, soot, dust etc. create troubles, the equipment should be able to handle them
smoothly
 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.
 The equipment should be corrosion and wear resistant.

The commonly used ash handling systems are
 Hydraulic system
 Mechanical system
The commonly used ash discharge equipment is as follows:
 Rail road cars
 Motor truck
 Hydraulic System.
 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

 In this method water at sufficient pressure is used to take away the ash to sump. Where water
and ash are separated. The ash is then transferred to the dump site in wagons, rail cars or
trucks.
 The loading of ash may be through a belt conveyor, grab buckets. If there is an ash basement
with ash hopper the ash can fall, directly in ash car or conveying system

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.

FLUIDISED BED COMBUSTION (FBC)
Burning of pulverised coal has some problems such as particle size of coal used in pulverised firing
is limited to 70-100 microns, the pulverised fuel fired furnances designed to burn a particular can
not be used other type of coal with same efficiency, the generation of high temp. about (1650 C)
in the furnace creates number of problems like slag formation on super heater, evaporation of
alkali metals in ash and its deposition on heat transfer surfaces, formation of SO2 and NOX in large
amount.
 Fluidized Bed combustion system can burn any fuel including low grade coals (even containing
70% ash), oil, gas or municipal waste.
 Improved desulphurization and low NOX emission are its main characteristics.
 The fuel and inert material dolomite are fed on a distribution plate and air is supplied from
the bottom of distribution plate.
 The air is supplied at high velocity so that solid feed material remains in suspension condition
during burning.

 The heat produced is used to heat water flowing through the tube and convert water into
steam: During burning SO2 formed is absorbed by the dolomite and thus prevents its escape
with the exhaust gases. The molten slag is tapped from the top surface of the bed.
 The bed temperature is nearly 800-900’C which is ideal for sulphur retention addition of
limestone or dolomite to the bed brings down SO2 emission level to about 15% of that in
conventional firing methods.
 The amount of NOX is produced is also reduced because of low temperature of bed and low
excess air as compared to pulverised fuel firing.
 The inert material should be resistant to heat and disintegration and should have similar
density as that of coal.

Various advantages of FBC system are as follows:
 FBC system can use any type of low grade fuel including municipal wastes and therefore is a
cheaper method of power generation.
 It is easier to control the amount of SO2 and NOX, formed during burning. Low emission of
SO2 and NOX. will help in controlling the undesirable effects of SO2 and NOX. during
combustion. SO2 emission is nearly 15% of that in conventional firing methods.
 There is a saving of about 10% in operating cost and 15% in the capital cost of the power plant.
 The size of coal used has pronounced effect on the operation and performance of FBC system.
The particle size preferred is 6 to 13 mm but even 50 mm size coal can also be used in this
system.
TYPES OF FBC SYSTEMS:
 Atmospheric FBC system
1) Over feed system
2) Under feed system

 Pressurised FBC system
Boiler:
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:
 Producing mechanical work by expanding it in steam engine or steam turbine.
 Heating the residential and industrial buildings
 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
 Safety. The boiler should be safe under operating conditions.
 Accessibility. The various parts of the boiler should be accessible for repair and maintenance.
 Capacity. The boiler should be capable of supplying steam according to the requirements.
 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.
 It should be simple in construction and its maintenance cost should be low.
 Its initial cost should be low.
 The boiler should have no joints exposed to flames.
 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.
According to flow of water and hot gases.
 Water tube.
 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 watertube 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
 Longitudinal drum
 Cross-drum.
2. Bent tube boilers
 Two drum
 Three drum
 Low head three drum
 Four drum.
3.Cyclone fired boilers
Various advantages of water tube boilers are as follows.
 High pressure of the order of 140 kg/cm2 can be obtained.
 Heating surface is large. Therefore steam can be generated easily.
 Large heating surface can be obtained by use of large number of tubes.
 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:
 Horizontal return tubular
 Short fire box
 Compact.
2. Internal furnace:
a) Horizontal tubular
 Short firebox
 Locomotive

 Compact
 Scotch.
b) Vertical tubular.
3.Straight vertical shell, vertical tube
Various advantages of fire tube boilers are as follows.
 Low cost
 Fluctuations of steam demand can be met easily
 It is compact in size.
According to position of furnace.
 Internally fired
 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.
According to the position of principle axis.
 Vertical
 Horizontal
 Inclined.
According to application.
 Stationary
 Mobile, (Marine, Locomotive).
According to the circulating water.
 Natural circulation
 Forced circulation.
According to steam pressure.
 Low pressure
 Medium pressure
 Higher pressure.
Superheater.
 A superheater is a device which superheats the steam i.e., it raises the temperature of steam
above boiling point of water. This increases the overall efficiency of the plant.

 A superheater consists of a group of tubes made of special alloy steels such as chromiummolybdenum.


These tubes are heated by the heat of flue gases during their journey from the furnace to the
chimney.

 The steam produced in the boiler is led through the superheater where it is superheated by
the heat of flue gases.
Superheaters are mainly classified into two types according to the system of heat transfer
from flue gases to steam viz.
 Radiant superheater
 Convection superheater
The radiant superheater is placed in the furnace between the water walls and receives heat
from the burning fuel through radiation process. It has two main disadvantages.
Firstly, due to high furnace temperature, it may get overheated and, therefore, requires a
careful design. Secondly, the temperature of superheater falls with increase in steam output.
 Due to these limitations, radiant superheater is not finding favour these days. On the other
hand, a convection superheater is placed in the boiler tube bank and receives heat from flue
gases entirely through the convection process.
 It has the advantage that temperature of superheater increases with the increase in steam
output. For this reason, this type of superheater is commonly used these days
Cooling arrangement:
 In order to improve the efficiency of the plant, the steam exhausted from the turbine is
condensed* by means of a condenser.
 Water is drawn from a natural source of supply such as a river, canal or lake and is circulated
through the condenser.
 The circulating water takes up the heat of the exhausted steam and itself becomes hot.
 This hot water coming out from the condenser is discharged at a suitable location down the
river.
 In case the availability of water from the source of supply is not assured throughout the year,
cooling towers are used.
 During the scarcity of water in the river, hot water from the condenser is passed on to the
cooling towers where it is cooled.
 The cold water from the cooling tower is reused in the condenser.
Feed water.
 The condensate from the condenser is used as feed water to the boiler. Some water may be
lost in the cycle which is suitably made up from external source.
 The feed water on its way to the boiler is heated by water heaters and economizer. This helps
in raising the overall efficiency of the plant.

Boiler furnace.
 A boiler furnace is a chamber in which fuel is burnt to liberate the heat energy. In addition, it
provides support and enclosure for the combustion equipment i.e., burners.
 The boiler furnace walls are made of refractory materials such as fire clay, silica, kaolin etc.
 These materials have the property to resist change of shape, weight or physical properties at
high temperatures.
There are following three types of construction of furnace walls :
(a) Plain refractory walls
(b) Hollow refractory walls with an arrangement for air cooling
(c) Water walls.
 The plain refractory walls are suitable for small plants where the furnace temperature may
not be high. However, in large plants, the furnace temperature is quite high* and
consequently, the refractory material may get damaged.
 In such cases, refractory walls are made hollow and air is circulated through hollow space to
keep the temperature of the furnace walls low.
 The recent development is to use water walls. These consist of plain tubes arranged side by
side and on the inner face of the refractory walls.
 The tubes are connected to the upper and lower headers of the boiler.
 The boiler water is made to circulate through these tubes.
 The water walls absorb the radiant heat in the furnace which would otherwise heat up the
furnace walls.
Condensers.
 A condenser is a device which condenses the steam at the exhaust of turbine. It serves two
important functions.
 Firstly, it creates a very low pressure at the exhaust of turbine, thus permitting expansion of
the steam in the prime mover to a very low pressure. This helps in converting heat energy of
steam into mechanical energy in the prime mover.
 Secondly, the condensed steam can be used as feed water to the boiler.
 There are two types of condensers, namely :


Jet condenser

 Surface condenser
 In a jet condenser, cooling water and exhausted steam are mixed together. Therefore, the
temperature of cooling water and condensate is the same when leaving the condenser.
 Advantages of this type of condenser are : low initial cost, less floor area required, less cooling
water required and low maintenance charges. However, its disadvantages are : condensate is
wasted and high power is required for pumping water.

 In a surface condenser, there is no direct contact between cooling water and exhausted
steam. It consists of a bank of horizontal tubes enclosed in a cast iron shell.
 The cooling water flows through the tubes and exhausted steam over the surface of the tubes.
The steam gives up its heat to water and is itself condensed.
Advantages of this type of condenser are : condensate can be used as feed water, less
pumping power required and creation of better vacuum at the turbine exhaust
UNIT II:
HYDRO ELECTRIC POWER PLANTS
Layout-dams-selection of water turbines-types-pumped storage hydel plants.
Definition:
A generating station which utilizes the potential energy of water at a high level for the generation of
electrical energy is known as a hydro-electric power station.
INTRODUCTION:
When rain water falls over the earth’s surface, it possesses potential energy relative to sea or ocean
towards which it flows. If at a certain point, the water falls through an appreciable vertical height, this
energy can be converted into shaft work.
As the water falls through a certain height, its potential energy is converted into kinetic energy and
this kinetic energy is converted to the mechanical energy by allowing the water to flow through the
hydraulic turbine runner.
This mechanical energy is utilized to run an electric generator which is coupled to the turbine shaft.
The power developed in this manner is given as:
Power = W.Q.H.η watts
where
 W = Specific weight of water, N/m3
 Q = rate of water flow, m3 /sec.
 H = Height of fall or head, m
 η = efficiency of conversion of potential energy into mechanical energy
 Hydro-electric power stations are generally located in hilly areas where dams can be built
conveniently and large water reservoirs can be obtained.
 In a hydro-electric power station, water head is created by constructing a dam across a river
or lake. From the dam, water is led to a water turbine.


The water turbine captures the energy in the falling water and changes the hydraulic energy
(i.e., product of head and flow of water) into mechanical energy at the turbine shaft.

 The turbine drives the alternator which converts mechanical energy into electrical energy.
Hydro projects are developed for the following purposes:

 To control the floods in the rivers.
 Generation of power.
 Storage of irrigation water.
 Storage of the drinking water supply
 There are two reasons for the extensive development of the water power.
 One is that more and more electric power is needed for industrial; agricultural, commercial
and domestic purposes.
 The other is the high cost of coal and its dwindling reserves. A water power site is usually
developed to supply electric power to a newly and a specially established industry or town or
to provide additional power to an already existing or a proposed interconnected electric
system
Before a water power site is considered for development, the following factors must be thoroughly
analyzed:
 The capital cost of the total plant.
 The capital cost of erecting and maintaining the transmission lines and the annual power loss
due to transformation and transmission of electric power since the water power plants are
usually situated in hilly areas away from the load center.
 The cost of electric generation compared with steam, oil or gas plants which can be
conveniently set up near the load center.
The water power plants have the following advantages which make these suitable for large
interconnected electric system:
 The plant is highly reliable and its maintenance and operation charges are very low
 The plant can be run up and synchronized in a few minutes.
 The load can be varied quickly and the rapidly changing load de-mands can be met without
any difficulty.
 The plant has no stand by losses.
 No fuel charges.
 The efficiency of the plant does not change with age.
 The cost of generation of electricity varies little with the passage of time.
The hydro-electric power plants have the following disadvantages also:
 The capital cost of the plant is very high.
 The hydro-electric plant takes much longer in design and execution.
 These plants are usually located in hilly areas far away from the load center.
 Transformation and transmission costs are very high.

 The output of a hydro-electric plant is never constant due to vagaries of monsoons and their
dependence on the rate of water flow in a river.
WATER-POWER PLANT:
 The essential features of a water power plant are as below:
 Catchment area.
 Reservoir.
 Dam and intake house.
 Inlet water way.
 Power house.


Tail race or outlet water way.

Catchment Area:
The catchment area of a hydro plant is the whole area behind the dam, draining into a stream or river
across which the dam has been built at a suitable place.
Reservoir:
 Whole of the water available from the catchment area is collected in a reservoir behind the
dam.
 The purpose of the storing of water in the reservoir is to get a uniform power output
throughout the year.
 A reservoir can be either natural or artificial. A natural reservoir is a lake in high mountains
and an artificial reservoir is made by constructing a dam across the river
Dam and Intake House:
A dam is built across a river for two functions:
to impound the river water for storage and to create the head of water. Dams may be classified
according to their structural materials such as:
 Timber,
 Steel,
 Earth,
 Rock filled
 Masonary.
 A dam is a barrier which stores water and creates water head. Dams are built of concrete or
stone masonary, earth or rock fill. The type and arrangement depends upon the topography
of the site.
 A masonary dam may be built in a narrow canyon.
 An earth dam may be best suited for a wide valley.

 The type of dam also depends upon the foundation conditions, local materials and
transportation available, occurrence of earthquakes and other hazards.
 At most of sites, more than one type of dam may be suitable and the one which is most
economical is chosen.
 Timber and steel are used for dams of height 6 m to 12 m only. Earth dams are built for larger
heights, upto about 100 m.
 To protect the dam from the wave erosion, a protecting coat of rock, concrete or planking
must be laid at the water line.
 The other exposed surfaces should be covered with grass or vegetation to protect the dam
from rainfall erosion.
Inlet Water Ways:
 Inlet water ways are the passages, through which the water is conveyed to the turbines from
the dam. These may include tunnels, canals, flumes, forebays and penstocks and also surge
tanks.
 A forebay is an enlarged passage for drawing the water from the reservoir or the river and
giving it to the pipe lines or canals.
Tunnels are of two types:
 pressure type
 non-pressure type.
 The pressure type enables the fall to be utilized for power production and these are usually
lined with steel or concrete to prevent leakages and friction losses.
 The non-pressure type tunnel acts as a channel. The use of the surge tank is to avoid water
hammer in the penstock.
 Water hammer is the sudden rise in pressure in the penstock due to the shutting off the water
to the turbine.
 This sudden rise in pressure is rapidly destroyed by the rise of the water in the surge tank
otherwise it may damage or burst the penstock.
Power House:
 The power house is a building in which the turbines, alternators and the auxiliary plant are
housed.
Tail Race or Outlet Water Way:
 Tail race is a passage for discharging the water leaving the turbines, into the river and in
certain cases, the water from the tail race can be pumped back into the original reservoir.

CALCULATIONS OF WATER POWER PLANTS:
These calculations are concerned with the river or stream flow and the available head through which
the water falls to generate the electric power.
Water in motion possesses three forms of energy;
 kinetic energy due to its velocity,
 pressure energy due to its pressure
 potential energy due to its height.
 Kinetic energy =

𝑣2
2

, Nm per kg of water.

𝑝

 Pressure energy = 𝜌, Nm per kg of water.
 Potential energy = gH, Nm per kg of water.
where
 V = velocity of flow in m/s,
 p = pressure in N/m2,
 ρ = density of water kg/m3
 H = the height of the level of water above some datum level.
 Theoretical power available from water = WQH, watts
where
 Q = water flow
 H = net head available in m.


=Total head minus the frictional losses.

 If the turbine has an efficiency ηt, then the B.P. at turbine shaft = W.Q.H.η watts
 It the efficiency of the electric generator is ηg, then the effective power at switch board =
W.Q.H.η .ηg watts
CLASSIFICATION OF HYDRO-PLANT:
 In hydro-plants, water is collected behind the dam. This reservoir of water may be classified
as either storage or pondage according to the amount of water flow regulation they can exert.

 The function of the storage is to impound excess river flow during the rainy season to
supplement the low rates of flow during dry seasons. They can meet the demand of load
fluctuations for six months or even for a year.
Pondage involves in storing water during low loads so that this water can be utilized for
carrying the peak loads during the week. They can meet the hourly or weekly fluctuations of
load demandWith poundage, the water level always fluctuates during operations It rises at
the time of storing water, falls at the time ‘off drawing water, remains constant when the load
is constant.
The hydro-power plants can be classified as below:
 l. Storage plant
 High head plants
 Low head plants
 Medium head plants.
 2. Run-of-river power plants
 With pondage
 (b) Without pondage.
 3. Pumped storage power Plants.
STORAGE PLANTS
These plants are usually base load plants. The hydro-plants cannot be classified directly on the
basis of head alone as there is no clear line of demarcation between a high head and a medium
head or between medium head and low head.
The power plant can be classified on the basis of head roughly in the following manner:
(a) High head plants - About 100 m and above.
(b) Medium head plants - about 30 to 500 m.
(c) Low head plants - Upto about 50 m.
High head plants:

Medium head plants:

Low head plants:

RUN-OF-RIVER POWER PLANTS:
 These plants can be classified as either without pondage or with pondage. A run-of-river plant
without pondage has no control over river flow and uses the water as it comes.
 These plants usually supply peak load. During floods, the tail water level may become
excessive rendering the plant inoperative.
 A run-of-river plant with pondage may supply base load or peak load power.
 At times of high water flow it may be base loaded and during dry seasons it may be peak
loaded.
PUMPED STORAGE POWER PLANTS:
 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.
 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.

SELECTION OF TURBINE:
 The major problem confronting the engineering is to select the type of turbine which will give
maximum economy.
 The hydraulic prime-mover is always selected to match the specific conditions under which it
has to operate and attain maximum possible efficiency.
 The choice of a suitable hydraulic prime-mover depends upon various considerations for the
given head and discharge at a particular site of the power plant.
 The type of the turbine can be determined if the head available, power to be developed and
speed at which it has to run are known to the engineer beforehand.
The following factors have the bearing on the selection of the right type of hydraulic turbine which
will be discussed separately.
 Rotational Speed.
 Specific Speed.
 Maximum Efficiency.
 Part Load Efficiency.
 Head.

 Type of Water.
 Runaway Speed.
 Cavitation.
 Number of Units
 Overall Cost.
Rotational speed:
 In all modern hydraulic power plants, the turbines are directly coupled to the generator to
reduce the transmission losses. This arrangement of coupling narrows down the range of the
speed to be used for the prime-mover.
 The generator generates the power at constant voltage and frequency and, therefore, the
generator has to operate at its synchronous speed.
 The synchronous speed of a generator is given by
Nsysn = (60× f) /p
 where f = Frequency and p = Number of pairs of poles used.
 For the direct coupled turbines, the turbine has to run at synchronous speed only.
 For the direct coupled turbines, the turbine has to run at synchronous speed only. There is
less flexibility in the value of Nsysn as f is more or less fixed (50 or 60 cycles/sec).
 It is always preferable to use high synchronous speed for generator because the number of
the poles required would be reduced with an increase in Nsysn and the generator size gets
reduced.
 Therefore, the value of the specific speed adopted for the turbine should be such that it will
give synchronous speed of the generator.
 The overall cost of the plant will be reduced adopting higher rotational speed as smaller
turbine and smaller generator are required to generate the same power. The constructional
cost of the power house is also reduced.
Specific speed:
 The equation indicates that a low specific speed machine such as impulse turbine is required
when the available head is high for the given speed and power output. On the other hand,
propeller turbines with high specific speed are required for low-heads.

Maximum Efficiency.
 The maximum efficiency, the turbine can develop, depends upon the type of the runner
used.
 In case of impulse turbine, low specific speed is not conducive to efficiency, since the
diameter of the wheel becomes relatively large in proportion to the power developed so
that the bearing friction and windage losses tend to become too large in percentage value.
The value of NS for highest efficiency is nearly 20.
 The low specific speed of reaction turbine is also not conducive to efficiency.
 The large dimensions of the wheel at low specific speed contribute disc friction losses.
 In addition to this, the leakage loss is more as the leakage area through the clearance spaces
becomes greater and the hydraulic friction through small bracket passages is larger.
 These factors tend to reduce the efficiency as small values of specific speed are approached.
 The high specific speed reaction turbines are associated with large discharge losses.
 The friction and leakage losses are reduced with an increase in specific speed but the
discharged losses increase rapidly and the net effect of increase in specific speed is to
decrease the efficiency total loss (friction, leakage and discharge) is minimum at medium
specific speed.
 Therefore, it is always preferable to select the reaction turbines of medium specific speed if
they operate at constant load conditions.
 Higher efficiencies have been attained with reaction turbines than with Pelton wheels.
 The maximum recorded efficiency till now for reaction turbine is 93.7% but quite a large unit
have shown efficiencies over 901-W the highest recorded value of efficiency for impulse
Turbine is 89% but usual maximum is 82%.
 The efficiency of the Pelton wheel is not dependent on its size like reaction turbine. Hence
the Pelton wheel may have higher maximum efficiency than the reaction turbine for smaller
powers.

water turbines:
The prime-mover in the hydraulic power plant converts the energy of water into mechanical
energy and further into electrical energy. These machines are classified on the basis of the action
of water an moving blades. As per the action of water on the prime-mover, they are classified as

 Impulse turbine
1. Pelton Turbine
 Reaction turbine
1. Francis Turbine
2. Kaplan Turbine
 In impulse type turbine, the pressure energy of the water is converted into kinetic energy
when passed through the nozzle and forms the high velocity jet of water. The formed water
jet is used for driving the wheel.
 In case of reaction turbine, the water pressure combined with the velocity works on the
runner. The power in this turbine is developed from the combined action of pressure and
velocity of water that completely fills the runner and water passage.
Pelton Turbine:
 This was discovered by Pelton in 1880.This is a special type of axial flow impulse turbine
generally mounted on horizontal shaft, as mentioned earlier A number of buckets are
mounted round the periphery of the wheel
 The water is directed towards the wheel through a nozzle or nozzles. The flow of water
through the nozzle is generally controlled by special regulating system.
 The water jet after impinging on the buckets is deflected through an angle of 160° and flows
axially in both directions thus avoiding the axial thrust on the wheel.
 The hydraulic efficiency of Peltan wheel lies between 85 to 95%. Now-a-days, Pelton wheels
are used for very high heads upto 2000 meters. Arrangement of jets.
 In most of the Pelton wheel plants, single jet with horizontal shaft is used. The number of the
jets adopted depends upon the specific speed required.
 Any impulse turbine achieves its maximum efficiency when the velocity of the bucket at the
center line of the jet is slightly under half the jet velocity. Hence, for maximum speed of
rotation, the mean diameter of the runner should be as small as possible.
 There is a limit to the size of the jet which can be applied to any impulse turbine runner
without seriously reducing the efficiency

Francis Turbine.
 In Francis turbine, the water enters into a casing with a relatively low velocity, passes through
guide vanes located around the circumference and flows through the runner and finally
discharges into a draft tube sealed below the tailwater level.
 The water passage from the headrace to tail race is completely filled with water which acts
upon the whole circumference of the runner.
 The difference in pressure acting on the front and back of the runner buckets, and only a part
of total power is derived from the dynamic action of the water. There are mainly two types of
Francis turbines known as open flume type and closed type.
 In open flume type, the turbine is immersed under water of the headrace in a concrete
chamber and discharges into the tailrace through the draft tube.
 The main disadvantage of this type is that runner and guide-vane mechanism is under the
water and they are not open either for inspection or repair without draining the chamber.
 In the closed type, the water is led to the turbine through the penstock whose end is
connected to the spiral casing of the turbine. The open flume type is used for the plants of 10
meters head whereas, closed type is preferred above 30 meters head.
 The guide vanes are provided around the runner to regulate the water flowing through the
turbine The guide vanes provide gradually decreasing area of flow for all gate openings, so
that no eddies are formed, and efficiency does not suffer much even at part load conditions
 The majority of the Francis turbines are inward radial flow type and most preferred for
medium heads. The inward flow turbine has many advantages over outward flow turbine as
listed below :
1. The chances of eddy formation and pressure loss are reduced as the area of flow becomes
gradually convergent.
2. The runaway speed of the turbine is automatically checked as the centrifugal force acts
outwards while the flow is inward.
3. The guide vanes can be located on the outer periphery of the runner, therefore, better
regulation is possible.
1. The frictional losses are less as the water velocity over the vanes is reduced.
2. The inward flow turbine can be used for fairly high heads without increasing the speed of the
turbine as centrifugal head supports considerable part of supply head.
Francis Versus Pelton:
The Francis turbines are used for all available heads on the other hand. Pelton wheels are used for
very high heads only (200 m to 2000 m). The Francis turbine is preferred over Pelton for the
following reason:
1. The variation in the operating head can be more easily controlled in Francis than in Pelton.
2. The ratio of maximum and minimum operating head can be even two in case of Francis
turbine.

3. The operating head can be utilized even when the variation in the tail water level is relatively
large when compared to the total head.
The size of the runner, generator and power house required is small and economical if the Francis
is used instead of Pelton for the same power generation.
5. The mechanical efficiency of Pelton decreases faster with wear than Francis.
The drawbacks of the Francis compared with Pelton are listed below:
1. Water which is not clean can cause very rapid wear in high head Francis turbine. In passing
through the guide vanes and cover facings, it can quickly reduce overall efficiency of the turbine
by several percent. The effect is much more serious in turbines of small diameter than in large
ones.
2.Usually below 60% load, the Pelton is much better as it gives more efficiency than Francis of low
specific speed. If there is possibility of running the prime-mover below 50% load for a long period,
the Francis will not only lose its efficiency but the cavitation danger will become more serious.
3.The water hammer effect with the Francis is more troublesome than the Pelton turbine. Kaplan
versus Francis Turbine
UNIT III: NUCLEAR POWER PLANTS:
Principles of nuclear energy- Fission reactions- nuclear reactor-nuclear power plants.
“A generating station in which nuclear energy is converted into electrical energy is known as a
nuclear power station”.
 In nuclear power station, heavy elements such as Uranium (U235) or Thorium (Th232) are
subjected to nuclear fission* in a special apparatus known as a reactor.
 The heat energy thus released is utilized in raising steam at high temperature and pressure.
 The steam runs the steam turbine which converts steam energy into mechanical energy. The
turbine drives the alternator which converts mechanical energy into electrical energy
 The most important feature of a nuclear power station is that huge amount of electrical
energy can be produced from a relatively small amount of nuclear fuel as compared to other
conventional types of power stations.
 It has been found that complete fission of 1 kg of Uranium (U235) can produce as much energy
as can be produced by the burning of 4,500 tons of high grade coal.
 Although the recovery of principal nuclear fuels (i.e., Uranium and Thorium) is difficult and
expensive, yet the total energy content of the estimated world reserves of these fuels are
considerably higher than those of conventional fuels, viz., coal, oil and gas.
 At present, energy crisis is gripping us and, therefore, nuclear energy can be successfully
employed for producing low cost electrical energy on a large scale to meet the growing
commercial and industrial demands.
Advantages
 The amount of fuel required is quite small. Therefore, there is a considerable saving in the
cost of fuel transportation.

 A nuclear power plant requires less space as compared to any other type of the same size.
 It has low running charges as a small amount of fuel is used for producing bulk electrical
energy.
 This type of plant is very economical for producing bulk electric power.
 It can be located near the load centres because it does not require large quantities of water
and need not be near coal mines. Therefore, the cost of primary distribution is reduced.
 There are large deposits of nuclear fuels available all over the world. Therefore, such plants
can ensure continued supply of electrical energy for thousands of years.
 It ensures reliability of operation.
Disadvantages:
 The fuel used is expensive and is difficult to recover.
 The capital cost on a nuclear plant is very high as compared to other types of plants.
 The erection and commissioning of the plant requires greater technical know-how.
 The fission by-products are generally radioactive and may cause a dangerous amount of
radioactive pollution.
 Maintenance charges are high due to lack of standardization. Moreover, high salaries of
specially trained personnel employed to handle the plant further raise the cost.
 Nuclear power plants are not well suited for varying loads as the reactor does not respond to
the load fluctuations efficiently.
 The disposal of the by-products, which are radioactive, is a big problem. They have either to
be disposed of in a deep trench or in a sea away from sea-shore.
PRINCIPLE OF NUCLEAR ENERGY CONCEPTS AND TERMS:
SUMMARY OF FEATURES
 Heat energy source is fission of radioactive material, (U-235)
 Two typical plant designs: Pressurized water reactor (PWR) (U.S.) Boiling water reactor (BWR)
(Russian)
 Fuel pellets are in a large number of tubes (fuel rods)
 Water circulates through core
 Water converted to steam drives turbine
 Turbine turns generator → electricity
Nuclear Power Plant Working Principle
 In the power plant, the fission takes place in the reactor and the middle of the reactor is known
as the core that includes uranium fuel, and this can be formed into pellets of ceramic.
 Every pellet generates 150 gallons of oil energy.

 The total energy generated from the pellets is stacked in metal fuel rods. A bunch of these
rods is known as a fuel assembly and a reactor core includes several fuel assemblies.
 During nuclear fission, the heat can be generated within the core of the reactor.
 This heat can be used to warm the water into steam so that turbine blades can be activated.
 Once the turbine blades activated then they drive the generators to make electricity.
 In a power plant, a cooling tower is available to cool the steam into the water otherwise they
use the water from different resources.
 Finally, the cooled water can be reused to generate steam.
FISSION:
 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
Chain reaction:
 Nuclear fission is done by bombarding Uranium nuclei with slow moving neutrons.
 This splits the Uranium nuclei with the release of huge amount of energy and emission of
neutrons (called fission neutrons). These fission neutrons cause further fission.
 If this process continues, then in a very short time huge amount of energy will be released
which may cause explosion. This is known as explosive chain reaction.
 But in a reactor, controlled chain reaction is allowed. This is done by systematically removing
the fission neutrons from the reactor.
 The greater the number of fission neutrons removed, the lesser is the intensity (i.e., fission
rate) of energy released
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.
 Alpha particles, also called alpha rays or alpha radiation, consist of two protons and two
neutrons bound together into a particle identical to a helium-4 nucleus. They are generally
produced in the process of alpha decay, but may also be produced in other ways.
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.
 A beta particle, also called beta ray or beta radiation (symbol β), is a high-energy, high-speed
electron or positron emitted by the radioactive decay of an atomic nucleus during the process
of beta decay.
GAMMA PARTICLES:
 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.
Selection of Site for Nuclear Power Station:
 Availability of water
 Disposal of waste
 Distance from populated areas
 Transportation facilities
 Availability of water:
As sufficient water is required for cooling purposes, therefore, the plant site should be located
where ample quantity of water is available, e.g., across a river or by sea-side.
Disposal of waste:
The waste produced by fission in a nuclear power station is generally radioactive which must be
disposed of properly to avoid health hazards.

The waste should either be buried in a deep trench or disposed off in sea quite away from the sea
shore.
Therefore, the site selected for such a plant should have adequate arrangement for the disposal of
radioactive waste.
Distance from populated areas:
 The site selected for a nuclear power station should be quite away from the populated areas
as there is a danger of presence of radioactivity in the atmosphere near the plant.
 However, as a precautionary measure, a dome is used in the plant which does not allow the
radioactivity to spread by wind or underground waterways
Transportation facilities:
 The site selected for a nuclear power station should have adequate facilities in order to
transport the heavy equipment during erection and to facilitate the movement of the workers
employed in the plant.
 From the above mentioned factors, it becomes apparent that ideal choice for a nuclear power
station would be near sea or river and away from thickly populated areas.
NUCLEAR REACTOR:
A nuclear reactor is an apparatus in which heat is produced due to nuclear fission chain reaction.
PARTS OF A NUCLEAR REACTOR:
 Nuclear Fuel
 Moderator
 Control Rods
 Reflector
 Reactors Vessel
 Biological Shielding
 Coolant.

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.
 Natural uranium found in earth crust contains three isotopes namely U234, U235 and U238
and their average percentage is as follows:
 U238 — 99.3%
 U235 — 0.7%
 U234 — Trace
 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.
 Pu239 and U233 so produced can be fissioned by thermal neutrons. Nuclear fuel should not
be expensive to fabricate. It should be able to operate at high temperatures and should be
resistant to radiation damage.
 The fuel should be protected from corrosion and erosion of the coolant and for this it is
encased in metal cladding generally stainless steel or aluminum. Adequate arrangements
should be made for fuel supply, charging or discharging and storing of the fuel.
 For economical operation of a nuclear power plant special attention should be paid to
reprocess the spent: up (burnt) fuel elements and the unconsumed fuel. The spent up fuel
elements are intensively radioactive and emits some neutron and gamma rays and should be
handled carefully.
 In order to prevent the contamination of the coolant by fission products, a protective coating
or cladding must separate the fuel from the coolant stream. Fuel element cladding should
possess the following properties :
 It should be able to withstand high temperature within the reactor.
 It should have high corrosion resistance.
 It should have high thermal conductivity
 It should not have a tendency to absorb neutrons.


It should have sufficient strength to withstand the effect of radiations to which it is subjected.

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
 Reactors using enriched uranium do not require moderator. But enriched uranium is costly
due to processing needed. A moderator should process the following properties :
 It should have high thermal conductivity.
 It should be available in large quantities in pure form.
 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.
 It should provide good resistance to corrosion.
 It should be stable under heat and radiation.
 It should be able to slow down neutrons.
MODERATING RATIO:
 To characterize a moderator, it is best to use so called moderating ratio which is the ratio of
moderating power to the macroscopic neuron capture coefficient.
 A high value of moderating ratio indicates that the given substance is more suitable for
slowing down the neutrons in a reactor.
Control Rods:
 The Control and operation of a nuclear reactor is quite different frorn a fossil and fueled (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 :
 They should have adequate heat transfer properties.
 They should be stable under heat and radiation.
 They should be corrosion resistant.
 They should be sufficient strong and should be able to shut down the reactor almost instantly
under all conditions.
 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.
REACTOR CORE:


Reactor core consists of fuel rods, moderator and space through which the coolant flows.

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 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.
COOLANT CYCLES: The coolant while circulating through the reactor passages take up heat
produced due to chain reaction and transfer this heat to the feed water in three ways as follows:
Direct Cycle.
 In this system coolant which is water leaves the reactor in the form of steam. Boiling water
reactor uses this system.
 Single Circuit System.
 In this system the coolant transfers the heat to the feed water in the steam generator. This
system is used in pressurized reactor.
 Double Circuit System.
 In this system two coolant are used. Primary coolant after circulating through the reactor
flows through the intermediate heat exchanger (IHX) and passes on its hest to the secondary
coolant which transfers its heat in the feed water in the steam generator. This system is
used in sodium graphite reactor and fast breeder reactor.
CLASSIFICATION OF REACTORS:
 The nuclear reactors can be classified as follows:
 Neutron Energy.
 Depending upon the energy of the neutrons at the time they are captured by the fuel to
induce fissions, the reactors can be named as follows :
 (a) Fast Reactors.


In such reactors fission is brought about by fast (non moderated) neutrons.

 (b) Thermal Reactors or Slow Reactors.


In these reactors the fast-moving neutrons are slowed down by passing them through the
moderator. These slow-moving neutrons are then captured by the fuel material to bring
about the fission of fundamental research.

LIGHT WATER REACTORS: (LWR) AND HEAVY WATER REACTORS (HWR)
 Light water reactors use ordinary water (technically known as light water) as coolant and
moderator.
 They are simpler and cheaper. But they require enriched uranium as their fuel. Natural
uranium contains 0.6% of fissionable isotope U235 and 99.3% of fertile Lj23 and to use natural
uranium in such reactors it is to be enriched to about 3%, U235 and for this uranium
enrichment plant is needed which requires huge investment and high operational
expenditure.
 Heavy water reactors use heavy water as their coolant and moderator.
 They have the advantage of using natural uranium as their fuel. Such reactors have some
operation problem too.


Heavy water preparation plants require sufficient investment and leakage of heavy water
must be avoided as heavy water is very costly.

 Heavy water required in primary circuits must be 99% pure and this requires purification
plants heavy water should not absorb moisture as by absorbing moisture it gets degraded.
 In order to have sufficient quantity of heavy water required for nuclear power plants, the work
is fast progressing in our country on four heavy water plant.
REACTOR POWER CONTROL
 The power released in a nuclear reactor is proportional to the number of mole fissioned per
unit time this number being in turn proportional to density of the neutron flux in the reactor.
 The power of a nuclear reactor can be controlled by shifting control rods which may be either
actuated manually or automatically.
 Power control of a nuclear reactor is simpler than that of conventional thermal power plant
because power of a nuclear reactor is a function of only one variable whereas power of a
thermal power plant depends on number of factors such as amount of fuel, its moisture
content, air supply etc.
 This shows that power control of thermal plant requires measuring and regulating several
quantities which is of course considerably more complicated.
Lay out of Nuclear Power Station:
The whole arrangement can be divided into the following main stages:
 Nuclear reactor
 Heat exchanger
 Steam turbine

 Alternator
Nuclear reactor.
 It is an apparatus in which nuclear fuel (U235) is subjected to nuclear fission. It controls the
chain reaction* that starts once the fission is done.
 If the chain reaction is not controlled, the result will be an explosion due to the fast increase
in the energy released.
 A nuclear reactor is a cylindrical stout pressure vessel and houses fuel rods of Uranium,
moderator and control rods.
 The fuel rods constitute the fission material and release huge amount of energy when
bombarded with slow moving neutrons.
 The moderator consists of graphite rods which enclose the fuel rods. The moderator slows
down the neutrons before they bombard the fuel rods.
 The control rods are of cadmium and are inserted into the reactor. Cadmium is strong neutron
absorber and thus regulates the supply of neutrons for fission.
 When the control rods are pushed in deep enough, they absorb most of fission neutrons and
hence few are available for chain reaction which, therefore, stops.
 However, as they are being withdrawn, more and more of these fission neutrons cause fission
and hence the intensity of chain reaction (or heat produced) is increased.
 Therefore, by pulling out the control rods, power of the nuclear reactor is increased, whereas
by pushing them in, it is reduced.


In actual practice, the lowering or raising of control rods is accomplished automatically
according to the requirement of load.

 The heat produced in the reactor is removed by the coolant, generally a sodium metal. The
coolant carries the heat to the heat exchanger.

Heat exchanger.
The coolant gives up heat to the heat exchanger which is utilized in raising the steam. After giving
up heat, the coolant is again fed to the reactor.

Steam turbine.
The steam produced in the heat exchanger is led to the steam turbine through a valve. After doing
a useful work in the turbine, the steam is exhausted to condenser. The condenser condenses the
steam which is fed to the heat exchanger through feed water pump.
Alternator.
The steam turbine drives the alternator which converts mechanical energy into electrical energy.
The output from the alternator is delivered to the bus-bars through transformer, circuit breakers
and isolators.

UNIT IV: GAS AND DIESEL POWER PLANTS
Types, open and closed cycle gas turbine, work output & thermal efficiency, methods to improve
performance-reheating, intercooling's, regeneration-advantage and disadvantage - Diesel engine
power plant-component and layout
Gas Turbine Power Plant:
 A generating station which employs gas turbine as the prime mover for the generation of
electrical energy is known as a gas turbine power plant
 In a gas turbine power plant, air is used as the working fluid.
 The air is compressed by the compressor and is led to the combustion chamber where heat is
added to air, thus raising its temperature.
 Heat is added to the compressed air either by burning fuel in the chamber or by the use of air
heaters.

 The hot and high-pressure air from the combustion chamber is then passed to the gas turbine
where it expands and does the mechanical work.
 The gas turbine drives the alternator which converts mechanical energy into electrical energy.


It may be mentioned here that compressor, gas turbine and the alternator are mounted on
the same shaft so that a part of mechanical power of the turbine can be utilized for the
operation of the compressor.

 Gas turbine power plants are being used as standby plants for hydro-electric stations, as a
starting plant for driving auxiliaries in power plants etc.
 The engines convert chemical energy in fuel in to mechanical energy.
 Cylinder in which fuel and air are admitted and combustion occurs.
 Piston, which receives high pressure of expanding hot products of combustion and the piston,
is forced to linear motion.
 Connecting rod, crankshaft linkage to convert reciprocating motion into rotary motion of
shaft.
 Connected Load, mechanical drive or electrical generator.
 Suitable valves (ports) for control of flow of fuel, air, exhaust gases, fuel injection, and ignition
systems. 6. Lubricating system, cooling system
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Layout of Gas Turbine Power Plant:
 The main components of the plant are:
 Compressor
 Regenerator
 Combustion chamber
 Gas turbine
 Alternator
 Starting motor

Compressor.
 The compressor used in the plant is generally of rotatory type.
 The air at atmospheric pressure is drawn by the compressor via the filter which removes the
dust from air.
 The rotatory blades of the compressor push the air between stationary blades to raise its
pressure.
 Thus, air at high pressure is available at the output of the compressor.
Regenerator.
 A regenerator is a device which recovers heat from the exhaust gases of the turbine.
 The exhaust is passed through the regenerator before wasting to atmosphere.
 A regenerator consists of a nest of tubes contained in a shell.
 The compressed air from the compressor passes through the tubes on its way to the
combustion chamber.
 In this way, compressed air is heated by the hot exhaust gases.
Combustion chamber.
 The air at high pressure from the compressor is led to the combustion chamber via the
regenerator.
 In the combustion chamber, heat* is added to the air by burning oil. The oil is injected through
the burner into the chamber at high pressure to ensure atomization of oil and its thorough
mixing with air.
 The result is that the chamber attains a very high temperature (about 3000o F).
 The combustion gases are suitably cooled to 1300o F to 1500o F and then delivered to the gas
turbine.
Gas turbine.
 The products of combustion consisting of a mixture of gases at high temperature and pressure
are passed to the gas turbine.
 These gases in passing over the turbine blades expand and thus do the mechanical work.
 The temperature of the exhaust gases from the turbine is about 900o F.
Alternator.
 The gas turbine is coupled to the alternator.
 The alternator converts mechanical energy of the turbine into electrical energy.
 The output from the alternator is given to the bus-bars through transformer, circuit breakers
and isolators
Starting motor.

 Before starting the turbine, compressor has to be started.
 For this purpose, an electric motor is mounted on the same shaft as that of the turbine.
 The motor is energized by the batteries.
 Once the unit starts, a part of mechanical power of the turbine drives the compressor and
there is no need of motor now.

Operating Principle:
 All the gas engines and oil engines operate in the same general way. The working fluid
undergoes repeated cycles.
 A thermodynamic cycle is composed of a series of sequential events in a closed loop. A typical
cycle has following distinct operations
 Cylinder is charged
 Cylinder contents are compressed
 Combustion (Burning) of charge, creation of high pressure pushing the piston and expansion
of products of combustion.
 Exhaust of spent products of combustion to atmosphere.
ADVANTAGE OF GAS TURBINE POWER PLANT:
 It is simple in design as compared to steam power station since no boilers and their auxiliaries
are required.
 It is much smaller in size as compared to steam power station of the same capacity. This is
expected since gas turbine power plant does not require boiler, feed water arrangement etc.

 The initial and operating costs are much lower than that of equivalent steam power station.
 It requires comparatively less water as no condenser is used.
 The maintenance charges are quite small.
 Gas turbines are much simpler in construction and operation than steam turbines. (vii) It can
be started quickly form cold conditions.
 There are no standby losses. However, in a steam power station, these losses occur because
boiler is kept in operation even when the steam turbine is supplying no load.
DISADVANTAGE OF GAS TURBINE POWER PLANT:
 There is a problem for starting the unit. It is because before starting the turbine, the
compressor has to be operated for which power is required from some external source.
However, once the unit starts, the external power is not needed as the turbine itself supplies
the necessary power to the compressor.
 Since a greater part of power developed by the turbine is used in driving the compressor, the
net output is low.
 The overall efficiency of such plants is low (about 20%) because the exhaust gases from the
turbine contain sufficient heat.
 The temperature of combustion chamber is quite high (3000o F) so that its life is
comparatively reduced.
Diesel Power Station
 A generating station in which diesel engine is used as the prime mover for the generation of
electrical energy is known as diesel power station.
 In a diesel power station, diesel engine is used as the prime mover. The diesel burns inside the
engine and the products of this combustion act as the “working fluid” to produce mechanical
energy.
 The diesel engine drives the alternator which converts mechanical energy into electrical
energy.
 As the generation cost is considerable due to high price of diesel, therefore, such power
stations are only used to produce small power.
 Although steam power stations and hydro-electric plants are invariably used to generate bulk
power at cheaper cost, yet diesel power stations are finding favour at places where demand
of power is less, sufficient quantity of coal and water is not available and the transportation
facilities are inadequate.
 These plants are also used as standby sets for continuity of supply to important points such as
hospitals, radio stations, cinema houses and telephone exchanges.
Advantages:
 The design and layout of the plant are quite simple.
 It occupies less space as the number and size of the auxiliaries is small.

 It can be located at any place.
 It can be started quickly and can pick up load in a short time.
 There are no standby losses.
 It requires less quantity of water for cooling.
 The overall cost is much less than that of steam power station of the same capacity.
 The thermal efficiency of the plant is higher than that of a steam power station
 It requires less operating staff.
Disadvantages:
 The plant has high running charges as the fuel (i.e., diesel) used is costly.
 The plant does not work satisfactorily under overload conditions for a longer period.
 The plant can only generate small power.
 The cost of lubrication is generally high.
 The maintenance charges are generally high.
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 airpressure and temperature are varied.
The two usual conditions under which I.C. engines are operated are:
(1) constant speed with variable load
(2) variable speed with variable load

