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A power plant can be considered as a machinery set up that produces and delivers a flow ofmechanical 
or electrical energy. Generators are considered as the main equipment for the electric powergeneration. 
It generates electricity when it is driven by a primemover.Onthebasis of thetypes of prime movers 
used, power plants are classified. 

Themajorpowerplants are, 

 Steampowerplant

 Dieselpowerplant

 Gasturbinepower plant

 Nuclearpowerplant

 Hydroelectricpowerplant

SourcesofEnergy: 

Energysourcesareclassifiedas: 

 ConventionalEnergySourcesorNon-RenewableEnergySources 
 Non-conventionalEnergySourcesorRenewableEnergySources 

ConventionalEnergySources: 

These sources are finite and exhaustible. Once consumed, these sources cannot be replaced. Examples 
of these sources are energy from Coal, timber, petroleum, lignite, natural gas, fossil fuels, nuclearfuels 
etc. 

Non-conventionalEnergySources: 

These sources are continuous and non-exhaustible. Examples of these sources are geothermal energy, 
wind energy, tidal energy, nuclear fusion, bio-energy, solar energy etc. These sources give energy 
continuously without depletion. 

Captivepowerstations: 

An electricity generation station which is used by an industrial or commercial energy consumer for its 
own energy consumption is known as a Captive power station. Captive power plants can exchange 
their surplus energy with the grid. 

Centralstations: 

An electricity generation station which is not made for the self uses of the industries is known as a 
Central power station. It generates more power than the captive power plant. It is suitable for large 
scale power generation. These stations are located outside of the end users and connected to a high 
voltage transmission network. The electricity generated from these stations are purchased by the 
consumers. 

ClassificationofPowerPlants: 
 

ConventionalPower Plants Non-ConventionalPower Plant 

 Steam/ThermalPowerPlants 
 DieselPower Plants 
 GasTurbinePower Plants 
 Hydro-ElectricPowerPlants 
 NuclearPower Plants 

 Solarbasepower plant 
 WindEnergyPower Plant 
 GeothermalEnergy 
 TidalWaveEnergyPower Plant 
 OceanThermalenergyconversionPlant 
 Biogas,BiomassEnergyPowerPlant 
 ThermoelectricGenerator 

INTRODUCTION 
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ImportanceofElectricalPower: 

The importance of electricity now day is many more than our imagination. In every field there is 
necessity of electricity. The importance of electric power can be understood from its wide area of 
application. Some of the most notable uses of electricity are: Entertainment, Healthcare, Engineering, 
Transport and Communication, Outdoors, Household, Commercial, Office, Fuel and Space etc. 

OverviewofMethodofElectricalPowerGeneration: 

Thevarious sourceswhich areused togenerate electricpowerarediscussedbelow. 

SteamPower: 

 Steam power plants known as Coal-fired power plants use steam as a source to generate 
electricity. But the flue gas emitted by theplant to the atmosphere possesses harmful gases and 
therefore it is not environment friendly.

 Butitisnowamajorelectricitygenerating plant.

Hydro Power: 

 Thegravitational forceofflowingwaterisutilizedinhydropowerplantstoruntheturbines. In these 
plants, water is forced to possess kinetic and pressure energy which is converted into 
mechanical energy on the rotation of runner of the hydraulic turbine.

 Itisacleanandrenewableresourceoffromwhichelectricityisobtained.
 As compared to fossil fuel-powered energy plants, hydroelectric power plants emit fewer 

greenhouse gases.
 Theconstructionofhydroelectricpowerplantsanddamsrequireshugeinvestment.

Nuclear Power: 

 Nuclearpowerplantsgenerateahighamountofelectricityfromanuclearfissionreaction using 
uranium as fuel.

 Nuclear powerplantsrequirelowquantitiesof fuelbutproducea large amountofpower. Once 
started, it run efficiently.

 Itismore reliable comparedtorenewablesources ofenergysuchassolar andwind.
 Intheseplants,waterisconvertedintosteamafterreceivingheatenergyfromthenuclear reaction and 

this steam is used in the turbine for energy conversion.

Dieselengine power: 

 Thisisusedforsmall-scaleproductionofelectric powerbyusingdieselas fuel.
 Dieselis anon-renewable sourceof energywhichmakestheseplants non-durable.
 Theyareinstalledinplaceswherethereisnoeasyavailabilityofalternativepowersourcesand are 

mainly used as a backup for uninterrupted power supply whenever there are outages.
 Itisconsideredasunsuitableforhighmaintenancecostsanddieselprices.

WindPower: 

 Wind turbines capture kinetic energy from wind and convert it into electricity. The amount of 
energy depends on speed of the wind.

 Itis arenewable sourceof energy.
 Wind power projects typically require huge capital expenditure. After the wind turbines are 

built, operational costs involved in maintaining wind power plants are low and they are 
generally considered to be relatively cost-effective.

Solar Power: 

 Solar energy plantsconvert energy from the sun into thermal or electrical energy. It gives the 
renewable energy sources.

 They do not requirehigh maintenance and last for about 20 to 25 years but requires high initial 
cost for installation.
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TidalPower: 

 Tidal energy is generated from converting energy from the force tides into power. This power 
is created when tides rotate submerged turbines.

 Itsproductionisconsideredmorepredictable comparedtowindenergyandsolar power.
 Tidalpoweris stillnotwidely used.

Biomass: 

 Burningorganicmaterialsproduceshighpressuregasthatcandriveaturbine-generatorto make 
electricity.

Geothermalenergy: 

 Geothermalpowerplantsutilizetheinternalheatofearth’scrusttoheatwatertoproduce steam. This 
steam gives energy to the turbine-generator to produce electricity.

 Geothermal power plants are considered to be environmentally friendly and emit lower levels 
of harmful gases compared with coal-fired power plants.



 

 

A thermal power station or a coal fired thermal power plant uses coal as the primary fuel. Heatreleased 
from the burning of coal is used to boil the water to make superheated steam for driving the steam 
turbine. It is the most conventional method of generating electric power with high efficiency.

SteamPowerPlantLayout: 

Thedifferenttypes ofsystemsand componentsusedin steampowerplant areas

 Boiler
 Turbine
 Condensers
 Cooling tower
 Coalhandling system
 Ashhandlingsystem
 Draughtsystem
 Feedwatertreatmentplant
 Pumping system
 MountingslikeSafetyvalve,stopvalve,pressure gauge andwater
 AccessorieslikeAirpreheater, economizer,super heaterandfeed
 Generator,Transformerand Electricitystorage anddistribution

Layoutofthermal plantcan beeasily understoodby dividingtheplantcomponents intofour

 Coal and ash circuit
 Coal and Ash circuit in a thermal power

boiler with coal from the storage for combustion and collect the ash from the boiler. 
Coal storage, preparation and supply to the boiler mainly handled by the coal handling 
plant whereas the ash collection, s
handling plant. 

 

 Airand gas circuit
 Air and gas circuit in a thermal power plant layout mainly takes care of supplying 

preheated air obtained from the Air preheater to the furnace and releasing the exhaust 
gas from the furnace after the combustion of fuel.

 Atmospheric air is drawn into the Air preheater through the forced draught fan where 
air is heated by the hot flue gas coming out from the furnace.

 Flue gas having very high temperature is used in the super h
preheater where its heat is recovered. After that the flue gas is passes through the 
electrostatic precipitator for removing dust from the gas and then gas is drawn into the 
chimney by the induced draught fan to release the gas to

THERMALPOWER

POWERSTATION

A thermal power station or a coal fired thermal power plant uses coal as the primary fuel. Heatreleased 
from the burning of coal is used to boil the water to make superheated steam for driving the steam 

e most conventional method of generating electric power with high efficiency.

Thedifferenttypes ofsystemsand componentsusedin steampowerplant areasfollows: 

MountingslikeSafetyvalve,stopvalve,pressure gauge andwater gauge.
AccessorieslikeAirpreheater, economizer,super heaterandfeedheaters
Generator,Transformerand Electricitystorage anddistributionsystem

outofthermal plantcan beeasily understoodby dividingtheplantcomponents intofour

Coal and Ash circuit in a thermal powerplant layout mainly takes care of supplying the 
boiler with coal from the storage for combustion and collect the ash from the boiler. 
Coal storage, preparation and supply to the boiler mainly handled by the coal handling 
plant whereas the ash collection, storage and disposal mainly handled by the ash 

Air and gas circuit in a thermal power plant layout mainly takes care of supplying 
preheated air obtained from the Air preheater to the furnace and releasing the exhaust 

from the furnace after the combustion of fuel. 
Atmospheric air is drawn into the Air preheater through the forced draught fan where 
air is heated by the hot flue gas coming out from the furnace. 
Flue gas having very high temperature is used in the super heater, economizer and air 
preheater where its heat is recovered. After that the flue gas is passes through the 
electrostatic precipitator for removing dust from the gas and then gas is drawn into the 
chimney by the induced draught fan to release the gas to atmosphere. 

THERMALPOWERSTATION 
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 Feedwaterandsteam circuit
 The water and steam circuit in a thermal power plant layout mainly takes care of 

feeding hot water obtained from the economizer to the boiler and supplying stea
obtained from the boiler to the turbine to generate power.

 Thesteam that is expelled by the prime mover in the thermal power plant layout is then 
condensed in a condenser for re
through a pump into the
To make up for the lost steam and water make up water is feed to the boiler.

 

 Coolingwater circuit
 Cooling water is passed through the condenser where the steam is condensed. Thewater 

after being heated by steam is discharged to Cooling tower. Coolingwater circuit can 
also be a closed system where the cooled water is sent through cooling towers for re
use in the power plant. The cooling water circulation in the condenser of a thermal 
power plant layout helps in maintaining a low pressure in the condenser.
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
The water and steam circuit in a thermal power plant layout mainly takes care of 
feeding hot water obtained from the economizer to the boiler and supplying stea
obtained from the boiler to the turbine to generate power. 
Thesteam that is expelled by the prime mover in the thermal power plant layout is then 
condensed in a condenser for re-use in the boiler. The condensed water is forced 
through a pump into thefeed water heaters. Pre heated water is supplied into the boiler. 
To make up for the lost steam and water make up water is feed to the boiler.

Cooling water is passed through the condenser where the steam is condensed. Thewater 
being heated by steam is discharged to Cooling tower. Coolingwater circuit can 

also be a closed system where the cooled water is sent through cooling towers for re
use in the power plant. The cooling water circulation in the condenser of a thermal 

lant layout helps in maintaining a low pressure in the condenser.
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In a steam power plant, Steam is generated in a boiler, expanded in the prime mover and condensed in 
the condenser and fed into the boiler again. The layout of steam power plant is given below.

 

 
Carnotvapourpowercycle: 

TheP-VandT-sdiagramforCarnotvaporcycleisshown 
 

(P-V diagram)
 

 
Carnotvaporcycleconsistsofthefourprocesses asdescribed 

 Isothermalexpansion:
In figure process 1-2 showstheisothermal expansion process. In this process water gets heated 
in the boiler at constant temperature (T
steam. Entropy increases from s
Heatabsorbedbywater (Q1-2)=T
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In a steam power plant, Steam is generated in a boiler, expanded in the prime mover and condensed in 
iler again. The layout of steam power plant is given below.

sdiagramforCarnotvaporcycleisshown below. 

diagram) (T-sdiagram)

Carnotvaporcycleconsistsofthefourprocesses asdescribed below. 

2 showstheisothermal expansion process. In this process water gets heated 
in the boiler at constant temperature (T1 = T2) and pressure (P1= P2) and gets converted into 
steam. Entropy increases from s1to s2and dry steam is collected at state 2. 

)=T1(s2-s1) 
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 Reversibleadiabaticexpansion

In figure process 2-3 shows the reversible adiabatic expansion process. In this process steam 
expands inside the turbine at co
becomes wet at state 3. Pressure and temperature get changed from state 2

 Isothermalcompression:
In figure process 3-4 shows the isothermal compression process. In this process steam gets 
condensed in the condenser at constant temperature (T
decreases from s3to s4and wet steam is collected at state 3.
Heatrejected fromsteam (Q3-4)=T

 Reversibleadiabaticcompression
Infigureprocess4-1showsthereversibleadiabaticcompressionprocess.In this process wet 
state 4 gets compressed to state 1 at constant entropy (s
Temperature get changed from state 4

EfficiencyofCarnotCycle: 

Efficiency=



carnot   

HeatSupplied

=
Q

 

 

(SimplesteampowerplantworkingonCarnot

 
Thelimitationsof Carnotvaporcycleare

 Itisdifficulttocompressawet vaporisentropicallytothesaturatedstate(process 4
 Itisdifficult tocontrol thequality ofthecondensate comingout ofthe
 TheefficiencyoftheCarnotcycleisgreatly affectedbythetemperature
 Thecycleis stillmoredifficulttooperate inpracticewithsuperheated 
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expansion:
3 shows the reversible adiabatic expansion process. In this process steam 

expands inside the turbine at constant entropy (s1= s2) and produce shaft power. Steam 
becomes wet at state 3. Pressure and temperature get changed from state 2-3. 

4 shows the isothermal compression process. In this process steam gets 
in the condenser at constant temperature (T3 = T4) and pressure (P

and wet steam is collected at state 3. 
)=T3(s3-s4)=T3(s2-s1) 

compression:
reversibleadiabaticcompressionprocess.In this process wet 

state 4 gets compressed to state 1 at constant entropy (s4= s1) in feed pump. Pressure 
Temperature get changed from state 4-1. 

 
Workdone 

HeatSupplied 
Heat su ppliedheatrejected 

HeatSupplied 

Q12Q34
T1(s2s1)T3(s2s1)

T1T31
T3 

   

Q12 T1(s2s1) T1 

(SimplesteampowerplantworkingonCarnotcycle) 

are 

Itisdifficulttocompressawet vaporisentropicallytothesaturatedstate(process 4
control thequality ofthecondensate comingout ofthecondenser.

TheefficiencyoftheCarnotcycleisgreatly affectedbythetemperatureT1.
Thecycleis stillmoredifficulttooperate inpracticewithsuperheated steam.
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4 shows the isothermal compression process. In this process steam gets 
) and pressure (P3= P4). Entropy 

reversibleadiabaticcompressionprocess.In this process wet steam at 
) in feed pump. Pressure and 

  

 T1 

 

Itisdifficulttocompressawet vaporisentropicallytothesaturatedstate(process 4-1).
condenser.

steam.



 

Rankinecycle: 

AsteampowerplantusingsteamasworkingsubstanceworksbasicallyonRankinecycle. The T

diagram for Rankine cycle is shown below.

 
 

 

 
Rankinecycle consistsofthefourprocessesasdescribed 

 Isothermalexpansion:
Infigureprocess1-2showstheisothermalexpansionprocess.Inthisprocesssaturatedwaterat state 1 is 
converted into dry saturated steam at state 2 in a steam boiler at constant pressure
(P1=P2).Waterabsorbsthelatentheatofvaporization(h

Amountof heatabsorbedin process1

 ReversibleadiabaticorIsentropicexpansion 
In figure process 2-3 shows the reversible adiabatic or isentropic expansion process. In this 
processdrysaturatedsteamatstate2expandsise

Workdoneintheprocess2-3 =Turbinework=h

 Isothermalcompressionprocess
In figureprocess3-4showstheisothermalcompression process. Inthisprocessexhauststeam 
turbine is cooled by cold water in the cond
temperature(T3=T4).Steamreleaseslatentheatofvaporizationandconvertedintosaturated 

Amountof heatrejected in process3

 Reversibleadiabaticor Isentropic
Infigureprocess4-1showsthereversibleadiabaticorisentropicprocess.Inthisprocess saturated 
water is drawn by the pump and feed into the boiler.

Workdonein this process4-1 =Pump work=h

EfficiencyofRankine cycle: 

Efficiency=
NetWorkdoneW

 

HeatSupplied 

Ifpump work is neglected then W
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Rankinecycle consistsofthefourprocessesasdescribed below. 

isothermalexpansionprocess.Inthisprocesssaturatedwaterat state 1 is 
converted into dry saturated steam at state 2 in a steam boiler at constant pressure

).Waterabsorbsthelatentheatofvaporization(hfg1=hfg2)andconvertedintodry 

of heatabsorbedin process1-2 =hfg2=h2– hf2 (fordrysteam: h

ReversibleadiabaticorIsentropicexpansion process:
3 shows the reversible adiabatic or isentropic expansion process. In this 

processdrysaturatedsteamatstate2expandsisentropicallyinturbinetostate3.Steamatstate 3 is wet.

3 =Turbinework=h2– h3 

process:
4showstheisothermalcompression process. Inthisprocessexhauststeam 

turbine is cooled by cold water in the condenser at constant pressure (P3= P4) and constant 
).Steamreleaseslatentheatofvaporizationandconvertedintosaturated 

Amountof heatrejected in process3-4=hfg3=h3– hf4 

Reversibleadiabaticor Isentropicprocess:
reversibleadiabaticorisentropicprocess.Inthisprocess saturated 

water is drawn by the pump and feed into the boiler. 

1 =Pump work=h1– hf4 

WTWP
(h2h3)(h1hf4) 

   

Q12 (h2hf1) 

Ifpump work is neglected then WP=0 
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isothermalexpansionprocess.Inthisprocesssaturatedwaterat state 1 is 
converted into dry saturated steam at state 2 in a steam boiler at constant pressure 

)andconvertedintodry saturated steam. 

(fordrysteam: h2=hfg2+hf2) 

3 shows the reversible adiabatic or isentropic expansion process. In this 
ntropicallyinturbinetostate3.Steamatstate 3 is wet. 

4showstheisothermalcompression process. Inthisprocessexhauststeam of 
) and constant 

).Steamreleaseslatentheatofvaporizationandconvertedintosaturated water. 

reversibleadiabaticorisentropicprocess.Inthisprocess saturated 



 

Variousendconditionsofsteam:

TheT-Sdiagram forvariousend conditionsof
 

 

 

 
 Efficiencyratio:

ItistheratioofthermalefficiencytoRankineefficiencyoractualcycleefficiencytoideal cycle 
efficiency. 

Efficiencyratio= 
Thermalefficiency 

Rankineefficiency

 Thermalefficiency:
 

Thermalefficiency= 

 
3600

 

m(h2hf

Where,P=powerdevelopedinkWand m = 

mass of steam supplied

 Workratio:
Itisthe ratioofnet workdoneto theturbine 

Workratio= 
Turbine workCompressor work 

Turbine work

 Specificsteamconsumption:
Itisdefinedasthemassofsteamsuppliedtotheturbineto
steam rate or specific rate of flow of steam.

 
Specificsteamconsumption = 

POWERSTATION

steam: 

Sdiagram forvariousend conditionsofsteamcanbediscussed bytheRankine cycle.

ItistheratioofthermalefficiencytoRankineefficiencyoractualcycleefficiencytoideal cycle 

Thermalefficiency 

nkineefficiency 

P 
 

hf3) 

Where,P=powerdevelopedinkWand m = 

mass of steam supplied 

Itisthe ratioofnet workdoneto theturbine work. 

Compressor work 

Turbine work 


Itisdefinedasthemassofsteamsuppliedtotheturbinetodevelopunitpoweroutput.Itis also known as 
steam rate or specific rate of flow of steam. 

 
3600 

h2h3 

 
kg/kWh 
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Problems: 

 In a steam power cycle, the steam supply is at 15 bar and dry and saturated. The condenser 
pressure is 0.4 bar. Calculate the Carnot and Rankine efficiencies of the cycle. Neglect pump 
work. 

 A simple Rankine cycle works between pressures 28 bar and 0.06 bar, the initial condition of 
steam being dry saturated. Calculate the cycle efficiency, work ratio and specific steam 
consumption. 

 A steam turbine receives steam at 15 bar and 3500C and exhausts to the condenser at 0.6 bar. 
FortheidealRankinecycleoperatingbetweenthesetwolimits,determinethe(i)heatsupplied, 
(ii)heatrejected,(iii)networkdone(iv)thermalefficiency. 

 Steamat50barand4000CexpandsinaRankinecycleto0.5bar.Foramassflowrateof 150 kg/s of 
steam determine (i) power developed, (ii) thermal efficiency, (iii) specific steam consumption. 

 Dry and saturated steam at 15 baris suppliedto a steam turbineworkingin Rankinecycle.The 
exhaust takes place at 1 bar. Calculate (i) Rankine efficiency, (ii) steam consumption per kWh 
if the efficiency ratio is 0.65. 

 A turbine working on a Rankine cycle is supplied with dry saturated steam at 25 bar and 
exhaust takes place at 0.2 bar. For a steam flow rate of 10 kg/s, estimate – (i) quality of steamat 
the end of expansion, (ii) turbine shaft work, (iii) power required to drive the pump,(iv)work 
ratio, (v) Rankine efficiency, (vi) heat flow in condenser. 
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BoilerAccessories: 

Boileraccessoriesarethesetofdevicesthatareusedtoincreasetheefficiencyoftheboiler.These devices 
improve the boiler operation. 

Thefollowing aresomeofthe accessorieswhichareused in boiler. 

 Airpreheater:

 It isa heat exchanger which convertsthe cold air into hot airfrom the heat 
exchangebetween atmospheric air and flue gas.

 Itrecoversheat fromthefluegas comingout oftheEconomizer.

 Itisinstalledbetweentheeconomiserandthechimney.

 Theairrequiredforthepurposeofcombustionisdrawnthroughtheairpreheaterwhere its 
temperature is raised. It is then passed through ducts to the furnace.

 The preheated air gives higher furnace temperature which results in more heat transfer 
to the water and thus increases the evaporative capacity per kg of fuel. It increases the 
boiler efficiency.

 Economizer:

 Itisaheatexchangerwhichconvertsthecoldwaterintohotwaterfromtheheat exchange 
between feed water and flue gas.

 Itrecoversheat fromthefluegas comingout ofthesuperheater.

 Itimprovestheeconomyofthesteamboiler.

 Super heater:

 Itisaheatexchangerwhichconvertsthesteamcomingfromtheboilerintosuperheated steam 
from the heat exchange between steam and flue gas.

 Itrecoversheatfromthe fluegascomingoutof boiler.

 Itspurposeistoincreasethetemperatureofsaturatedsteamwithoutraisingitspressure. It is 
generally an integral part of a boiler which is located in the path of hot flue gases from 
the furnace.

 Electrostaticprecipitator:

 Ituses electrostatic forcestoseparatedustparticlesfromexhaustgases.

 The contaminated exhaust gas flow through the passage formed by a number of high- 
voltage, direct-current discharge electrodes and grounded collecting electrodes.

 The airborne particles receive negative charge while passing through the ionized field 
between the discharge and collecting electrodes.

 Thesechargedparticlesgetattractedtowardsthepositivelychargedgroundedorcollecting 
electrode and adhere to it.

 The collected material on the collecting electrodes is removed by rapping or vibrating 
the collecting electrodes.
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Needofboiler mountings: 

Boiler mountings are the set of safety devices installed on the boiler for its safe operation. These 
arevery essential for a boiler to operate it safely. 

Thefollowing aresomeof themountings which areused in boiler. 

 PressureGauge:Itisusedto measurethepressureofsteaminsidetheboiler.
 WaterlevelIndicator: Itisused toindicate thewaterlevel inthe boiler.
 SafetyValve:Itisusedto blowsofftheexcesssteamwhensteampressurereachesabovesafety level.
 SteamStopValve:Itisusedtostopthesteamintheboilerandtransfersteamwhenitis required.
 BlowoffValve:It isused to blowofftheimpuritiesorsediments settled downintheboiler.
 Feedcheck Valve:It isusedtocontroltheflowofwaterfrom feed pumptothe boiler.

Operationofboiler: 

 The boiler is a closed vessel. The basic function of boiler is to convert water into steam. Water 
is supplied into the boiler drum where it is heated by hot gases that are formed by burning fuel 
in the furnace. When the steam at required pressure is generated inside the boiler, the steam 
stop valve releases the steam. This steam is superheated in a superheater before it is supplied 
into the turbine.

 The various mountings and accessories of boiler helps to run the boiler safely and to improve 
plant efficiency respectively.

Draughtsystems: 

 Boiler draught is the pressure difference between absolute gas pressure within a furnace or 
chimney and atmospheric pressure which causes the flow of gas.

 Draughtcanbeobtainedby theuseofchimney, fan,steamor airjet or acombinationofthese.
 Boiler Draught provide an adequate supply of air for fuel combustion. It can throw out the 

exhaust gases of combustion from the combustion chamber. It can discharge flue gases to the 
atmosphere through the chimney.

 ThedraughtsmaybeclassifiedasNaturalDraughtandArtificialDraught.

NaturalDraught: 

 Whenthedraughtisproducedwiththehelpof chimneyonly,itisknownasNatural Draught.
 Natural draught system employs a tall chimney and don’t require any external power for 

producing draught.
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 AdvantagesofNaturalDraught
 

 Itisproducedwiththehelpofchimneyonly.Itdoesnotrequireanyexternalpowerfor 
producing the draught.

 Ithaslow capitalandmaintenance cost.
 Simplein design and construction.
 Ithasalonglife. Itleavesthefluegas atahighlevel.

 
 DisadvantagesofNatural Draught

 
 Maximumpressureavailableforproducingdraughtbythechimneyis less.
 Theavailabledraught decreasedwithincreasein outsideairtemperature.
 Fluegaseshavetobedischargedathightemperaturewhichlowerstheplantoverall 

efficiency.

 
ArtificialDraught: 

 WhenthedraughtisproducedbyanyothermeansexceptchimneyitisknownasArtificial Draught.
 Tomeetthehighdraughtdemand,artificialdraughtsystemisusedwhichisclassifiedassteam jet 

draught and mechanical draught.

 
MechanicalDraught: 

 Itisanartificialdraught wheredraughtis producedby thehelpof fansor blowers.
 Itismore economical anditscontrol iseasy,
 Itincreasestherateofcombustionby whichlow-gradefuel canalsobe used.
 Itreducesfuelconsumption andmakesboiler operation cheaper.
 Itcanbe classifiedasForceddraught,Induceddraughtand Balanceddraught.

 
Forceddraught: 

 In this type of draught, a blower known as forced draught fan (FD fan) is placed before the 
grate. It forces theairintothegratethroughtheclosedash pit. Airis forcedtoflowthroughthe entire 
system under pressure.
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Induced draught: 

 In this type of draught, a centrifugal fan known as induced draught fan (ID fan) is placed near 
the base of the chimney. The ID fan draws the furnace flue gas and forces the gas up through 
the chimney. Its action is similar to that of the natural draught.

 

 
Balanced draught: 

 Balanceddraughtisthecombinationofforceddraughtandinduced draught.
 Itovercomesthedifficultiesthatareseenbyusingtheforceddraughtorinduceddraughtalone. It 

maintains the balance.
 The forced draught fan supplies the combustion air for better combustion of fuel and 

overcomes the resistance of fuel bed.
 The induced draught removes the flue gas and excess air from the furnace and helps to release 

it through chimney. It helps to maintain the pressure inside the furnace below atmospheric.
 If the forced draught is applied alone, there will be high pressure in the furnace. It causes 

difficulties in lightening and inspecting the boiler. There is possibility of blowing out of fire 
from the furnace which may disable the furnace work.

 If the induced draught is used alone, there will be difficulties in inspecting the boiler because 
cold air may rush into the furnace as the pressure inside the furnace is under atmospheric 
pressure.

 

 
 

AdvantagesofArtificialorMechanical Draught 

 Itincreasestherateofcombustionforwhichlow-gradefuelcanbeusedinthefurnace.So, fuel cost is 
reduced.

 Thedesired valueofdraught canbeproduced, whichis not obtainedin natural draught.
 Itreducesthesmokelevelandreducestheheightof chimney.
 Itismore economical anditscontrol iseasy.
 Itsavestheenergy.Itimprovesplantefficiency asmaximumheatcanbe utilized.
 Itreducesfuelconsumptionand makesboileroperation cheaper.
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DisadvantagesofArtificialorMechanicalDraught: 

 Theinitial cost is high.
 The running cost is also high due to consumption of electricity but it is compensated by other 

savings.
 Fansandblowersproducenoise.

 
 

SteamprimemoversorSteamTurbine: 

The steam turbine is used to convert the thermal energy of steam into mechanical energy by means of 
rotation of turbine shaft. This mechanical energy is used by generator to produce electrical energy. 

The steam coming from the boiler rotates the turbine runner when strikes on it. Thus, mechanical 
energy is produced due to rotation of shaft of the turbine. When the turbine shaft rotates, the generator 
shaft coupled to the turbine shaft is also rotated. 

Advantagesofsteam turbine: 

 Ithashigherthermalefficiency.
 Itcan provide agood rangeofuniformbrakehorsepower.
 Itisproperlybalancedandso,vibrationproblemisminimised.
 Itgiveshighrpm.
 Itisreliableanddurable.
 Itneedsnolubrication.

Disadvantagesofsteam turbine: 

 Itislessresponsive tochangesinpower demandcomparedtoreciprocatingengines andgas turbines.
 Ittakeslongstartuptimecomparedtoreciprocating enginesandgas turbines.
 Itislessefficientatpartloadconditions thanreciprocating enginesandgasturbines.

 

 
Classificationofsteamturbine: 

Thesteamturbines may beclassifiedinto thefollowing types: 

 Accordingtothemodeofsteam action
 Impulseturbine 
 Reactionturbine 

 Accordingtothedirectionofsteam flow
 Axialflow turbine 
 Radialflowturbine. 

 Accordingtotheexhaustconditionof steam 
 Condensingturbine 
 Non-consideringturbine 

 Accordingto thepressureof steam 
 Highpressure turbine 
 Mediumpressureturbine 
 Lowpressureturbine 

 Accordingto thenumberof stages 
 Singlestage turbine 
 Multi stage turbine 
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Elementsofsteamturbine: 

Thecomponents of steam turbineare 
 

 Steam ChestandCasing:
 Thecasingcontains therotor andnozzlesthroughwhichthe steamis expanded. 
 Thesteam chest is connectedwith the higherpressureand low-pressure steam lines. 
 Thesteam chest and casingprotect theturbine from surrounding. 
 Itenclosesthe steaminsidetheturbine. 

 Nozzles:
 Theseareused toincreasethekineticenergyof steam. 

 Rotor:
 Therotorconsistsofdiscmountedonashaft.Numberofbladesaremountedonthe 

periphery of the disc. 
 Theshaftextendsbeyondthecasing.Oneendoftheshaftisconnectedwiththe 

governor and other end is coupled with the shaft of the generator. 
 Themainfunctionoftherotoristoconvertthethermalenergyoftheincomingsteam into 

kinetic energy. 
 Blades

 Numberofbladesmountedontheperipheryofthediscareusedtoreceivethesteamon it. These 
are used for energy conversion and pressure and velocity variation. 

 Governor
 Itisusedtomaintainthe meanequilibriumspeedofthesteam turbine. 

 
DifferencebetweenImpulseandreactionturbine: 

Impulseturbine Reactionturbine 
 

1. Thesteamflowsthroughthenozzlesand 
impinges on the moving blades. 

 
2. Thesteamimpingesonthebucketswith 

kinetic energy. 

3. Thesteammayormaynotbeadmitted 
over the whole circumference. 

4. Thesteampressureremainsconstant 
during its flow through the moving 
blades. 

5. The negative velocity of steam while 
glidingoverthebladesremainsconstant. 

1. The steam flows first through guide 
mechanismandthenthroughthemoving 
blades. 

2. Thesteamglidesoverthemovingvanes 
with pressure and kinetic energy. 

3. Thesteammustbeadmittedoverthe 
whole circumference. 

4. Thesteampressureisreducedduringits 
flow through the moving blades. 

 
5. The relative velocity of steam while 

glidingoverthemovingbladesincrease 

6. Theblades are symmetrical. 6. Theblades arenot symmetrical 

7. The number of stages required is less for 7. Thenumberofstagesrequiredismore the 
same power developed.  for the same power developed. 



 

GoverningofSteamturbine: 

 Thefunction ofagovernor is tocontrol the fluctuationofspeed of asteam
 Whenthesteamturbineisconnectedtodriveanalternator,theremaybevariationof

According to the load on the alternator, turbine speed fluctuates. This fluctuation can be 
overcome by using a governing method.

 Thedifferentgoverningmethodsare:
 Throttlegoverning 
 By-passgoverning 
 Nozzlegoverning 

ThrottleGoverning: 

 Thismethodisverysimpleandlesscostly.Thisisusedtoreduceinletsteampressureby throttle valve 
operated by governing mechanism on part loads.

 Anoil relay isused to operatethethrottle 
 When the turbine works on less than full load condition, the load on the turbine suddenly 

released, governor speed increases with rotor speed and sleeve moves upward. So, relay piston 
under oil pressure moves downward and partially closes throttle valve. T
to its position when equilibrium speed is obtained.

 

By-passGoverning: 

 Thismethodis usedin modernimpulseturbineoperating ata veryhigh 
 In this method the whole steam enters the nozzle box through a throttle valve. This valve 

controls the speed of turbine for all load up to economical load. For the loads more than 
economical load, the by-pass valve opens and allows the steam to pass from t
nozzle box into steam belt and so into the fourth stage nozzle. When the load stabilizes, the 
valve closes.
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Thefunction ofagovernor is tocontrol the fluctuationofspeed of asteamturbine.
Whenthesteamturbineisconnectedtodriveanalternator,theremaybevariationofload. 
According to the load on the alternator, turbine speed fluctuates. This fluctuation can be 
overcome by using a governing method.

are:

mpleandlesscostly.Thisisusedtoreduceinletsteampressureby throttle valve 
operated by governing mechanism on part loads.
Anoil relay isused to operatethethrottle valve.
When the turbine works on less than full load condition, the load on the turbine suddenly 
released, governor speed increases with rotor speed and sleeve moves upward. So, relay piston 
under oil pressure moves downward and partially closes throttle valve. Then the sleeve comes 
to its position when equilibrium speed is obtained.

Thismethodis usedin modernimpulseturbineoperating ata veryhigh pressure.
In this method the whole steam enters the nozzle box through a throttle valve. This valve 
controls the speed of turbine for all load up to economical load. For the loads more than 

pass valve opens and allows the steam to pass from t
nozzle box into steam belt and so into the fourth stage nozzle. When the load stabilizes, the 
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
load. 

According to the load on the alternator, turbine speed fluctuates. This fluctuation can be 

mpleandlesscostly.Thisisusedtoreduceinletsteampressureby throttle valve 

When the turbine works on less than full load condition, the load on the turbine suddenly 
released, governor speed increases with rotor speed and sleeve moves upward. So, relay piston 

hen the sleeve comes 


In this method the whole steam enters the nozzle box through a throttle valve. This valve 
controls the speed of turbine for all load up to economical load. For the loads more than 

pass valve opens and allows the steam to pass from the first stage 
nozzle box into steam belt and so into the fourth stage nozzle. When the load stabilizes, the 
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NozzleControl Governing: 

 Itisbasically usedforpartload condition.
 In this method, some set of nozzles are grouped together and steam flow to each group of the 

nozzle is controlled by valves. Actually, nozzle control governing is restricted to the first stage 
of turbine whereas the subsequent nozzle area in other stage remains constant.

 In this governing rate of steam flow is depending on the opening and closing of set of nozzles 
rather than regulating its pressure.

 



 

Performanceofsteamturbine: 

 Bladeefficiency orDiagram

Itistheratiooftheworkdoneonthebladesperkgofsteamtotheenergysuppliedtothe blades per kg of 
steam. 

Mathematically: Bladeefficiency(
 

 
 Stage efficiency: 
Itistheratiooftheworkdoneonthebladeinheatunittothetotalheatenergysuppliedper 
If∆𝐻isthetotalheatenergydropinthenozzlering,thenthetotal
𝐽×∆𝐻. 
Mathematically: Stageefficiency(

 
 Nozzle efficiency: 
It is the ratio between actual heat drop of steam in the nozzle and adiabatic or isentropic 
heatdrop of steam in the nozzle.

Mathematically: Nozzleefficiency 

 Relationbetweenefficiencies:
Stageefficiency(𝜂𝑠)=Bladeefficiency(

 

SteamCondenser: 
 A steam condenser is a closed vessel into which the steam is exhausted, and condensed 

afterdoing work in the turbine. A steam condenser has the following two objectives.
 The main object of condenser is to maintain a low pressure (below atmospheric pressure) so as 

to drawthe maximum possibleenergy from steam. So, theefficiency of plant can beincreased.
 Itisusedtosupply purefeedwater tothehotwell,from whereit ispumpedback to

 
ClassificationofCondensers: 

Thesteam condensersmay bebroadlyclassified intothefollowing 

 Jetcondensersor mixingtype condensers
 Parallelflowjetcondenser
 Counterfloworlow-leveljet
 Barometricorhigh-level jetcondenser, 
 Ejector condenser 

 Surface condensersornon-mixingtype
 Downflowsurface condenser
 Centralflowsurface condenser
 Regenerativesurfacecondenser
 Evaporativecondenser.

POWERSTATION
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Bladeefficiency orDiagramefficiency: 

Itistheratiooftheworkdoneonthebladesperkgofsteamtotheenergysuppliedtothe blades per kg of 

Bladeefficiency(𝜂)=(
𝑉𝑤1+𝑉𝑤2)×𝑉=

𝑉𝑤1+𝑉𝑤2)× 2𝑉 
𝑏 𝑉2 

2 

𝑏 ( 
𝑉2 

Itistheratiooftheworkdoneonthebladeinheatunittothetotalheatenergysuppliedper 
isthetotalheatenergydropinthenozzlering,thenthetotalenergysuppliedperstage

Stageefficiency(𝜂)=
(𝑉𝑤1+𝑉𝑤2)𝑉𝑏𝑤 

=
(𝑉𝑤1+𝑉𝑤2) 

( ) 
𝑊.𝐽.∆𝐻 𝑔 

×(
𝐽.∆𝐻 

It is the ratio between actual heat drop of steam in the nozzle and adiabatic or isentropic 
heatdrop of steam in the nozzle. 

Nozzleefficiency (𝜂𝑁 )=∆𝐻𝑎𝑐𝑡 

∆𝐻𝑡ℎ 

efficiencies: 
)=Bladeefficiency(𝜂𝑏)×Nozzleefficiency(𝜂𝑁) 

A steam condenser is a closed vessel into which the steam is exhausted, and condensed 
afterdoing work in the turbine. A steam condenser has the following two objectives.
The main object of condenser is to maintain a low pressure (below atmospheric pressure) so as 
to drawthe maximum possibleenergy from steam. So, theefficiency of plant can beincreased.
Itisusedtosupply purefeedwater tothehotwell,from whereit ispumpedback tothe

Thesteam condensersmay bebroadlyclassified intothefollowing types: 

condensers
condenser 

leveljetcondenser 
level jetcondenser, and 

mixingtypecondensers.
condenser 

condenser 
condenser 

condenser. 

𝑠 
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Itistheratiooftheworkdoneonthebladesperkgofsteamtotheenergysuppliedtothe blades per kg of 

 𝑏 

Itistheratiooftheworkdoneonthebladeinheatunittothetotalheatenergysuppliedper stage. 
energysuppliedperstageis 

𝑉𝑏 
( ) 

 𝑔 

It is the ratio between actual heat drop of steam in the nozzle and adiabatic or isentropic 

A steam condenser is a closed vessel into which the steam is exhausted, and condensed 
afterdoing work in the turbine. A steam condenser has the following two objectives.
The main object of condenser is to maintain a low pressure (below atmospheric pressure) so as 
to drawthe maximum possibleenergy from steam. So, theefficiency of plant can beincreased.

theboiler.
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ElementsofSteamCondensing Plant: 

Asteamcondensingplant consistsofthefollowing elements. 

 Condenser

 Acondenseristheheatexchangerinwhichheatexchangeoccursbetweenthehot 
exhaust steam of turbine and cold water. It works at a low pressure. 

 AirExtractionPump

 Itisusedtomaintainthevacuumpressureinsideofthe condenser. 

 CondensateExtractionPump

 Itisalow-pressurepumpwhichisusedtoremovethecondensedfromthecondenser and to 
supply it into the hot well. 

 CoolingWaterCirculating Pump

 Itisusedto circulatethe coolingwaterfromcoolingtowerto condenser. 

 HotWell

 Itisa tankwhichstoresthecondensatewhich comesfromthe condenser. 

 CoolingTower

 It is aheat exchanger in which hot water extracted from thecondenser transfers heat to 
thecoldatmosphericair andgetsconvertedintocoldwater.Thiscoldwaterissupplied 
intothecondenserbycoolingwaterpumptoremoveheatfromsteam.Someamountof water 
gets vaporized in the cooling tower. 

 BoilerFeedPump

 Itis apump whichis usedto supply thewaterfromhot wellto theboiler. 

 MakeupWaterPump

 Whenthereisdeficiencyofcoolingwater,makeupwaterneedstobeaddedbythehelp of the 
makeup water pump to deliver fresh water from a sump to the condensing plant. 
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CoolingTower: 

 Coolingtoweris usedtoreject heatintotheatmosphere.
 The cold water exits from the cooling tower is sent into the condenser. This water is converted 

into hot water after receiving heat from the steam inside the condenser. Hot water is extracted 
fromthecondenserand suppliedtothecoolingtowerwhereitiscooledby theatmosphericair.

Typesofcoolingtower: 

Coolingtowerscanbeclassified onthe basisofmethodof aircirculation.Such as: 

 Naturaldraughtcollingtower
 Mechanicaldraughtcoolingtower

 Forceddraughtcoolingtower 

 Induceddraughtcoolingtower 
 

 
Spraypond: 

 A spray pond is a reservoir in which warmed water is cooled before reuse by spraying the 
warm water with nozzles into the cooler air.

 Inspraytypecoolingmethod,alargesurfaceof wateris exposedfor evaporation.
 Thehot water extracted from the condenser is supplied to the surface of the cooling tank and is 

projected into thin horizontal sheets. Nozzles are fitted on the sheets. These nozzles brake up 
the water into drops. Water droplets gets cooled due to conduction and convection. Cold water 
is collected at the bottom of the tank.
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Listofthermalpowerplantsin Odisha: 
 

Sl.No. NameofthePlant CapacityinMW 

1. JindalSteelandPower Ltd 810 

2. NALCOLtd.,CaptivePowerPlant 1200 

3. GMR Energy 1050 

4. VedantaLtd., IPPandCPP 2400and 1215 

5. TalcherSuperThermalPowerStation 3000 

6. JindalIndiaThermalPowerLtd 1200 

7. RourkelaSteelPlant (CPP-I) 100 

8. ThermalPowerStation (OPGC 420 

9. HINDALCOIndustriesLtd(CPP), 467 

10. TATABhushanPower &SteelLtd. 370 
 

 
SiteSelectionforthermalpowerplants: 

Thefollowingpointsshouldbetakenintoconsiderationwhileselectingthesiteforasteampower station. 

 Availabilityofraw material
 Natureofland
 Cost of land
 Availabilityofwater
 Transport facilities
 Ash disposal facilities
 Availabilityoflabour
 Sizeof the plant
 Loadcentre
 Publicproblem
 Futureextension
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A power plant that uses nuclear reactor as heat source is known as nuclear power plant.Nuclear 

power is a clean and efficient way for producing steam from water. The steam produced is used to turn 
the turbine to develop mechanical power, which can be used by the generator to produce electricity. 

Nuclear power plants use low enriched uranium fuel to produce electricity through a process 
called fission— the splitting of uranium atoms in a nuclear reactor. 

NuclearFuel: 

Nuclear fuel should be fissionable material. It can be defined as an element or isotope that 
undergo nuclear fission to produce chain reaction by means of bombardment of neutrons to thenucleus 
of heavy atoms. Examples of some important nuclear fuels are U233, U235 and Pu239. 

Some materials are not fissionable by themselves. These can be converted into fissionable 
material by means of nuclear reaction. These materials are known as fertile materials. These are 
converted into fissile material before undergo fission reaction. Some materials can undergo fission 
reactions directly. These are known as fissile materials. The process of transmutation of fertile 
materials into fissile materials is referred to as fuel breeding. Examples of fertile material are Pu239 
and U233. 

U235 is most unstable material. It is capable to sustain chain reaction.It is considered as 
primary fuel. U233 and Pu239 are artificially produced from Th232 and U238 respectively. These are 
called secondary fuel. 

NuclearFission: 

Nuclearfissionistheprocesswherethenucleusofaheavyatomsplitsintofragmentsoflighter nuclei 
with the release of energy. It is carried out by the bombardment of neutrons to the nucleus of heavy 
atoms. This reaction produces energy as well as neutrons. These neutrons can be used to split other 
atoms further in the chain reaction. 

 

Figure:Splitting ofU235infission 

NuclearFusion: 

Nuclear fusion is the process where the nuclei of lighter atoms combine to form heavy nucleus 
with the release of energy. It produces greater energy than the fission reaction. 

NUCLEARPOWERSTATION 



POWERSTATIONENGINEERING 
 

DifferencebetweenNuclearFission&NuclearFusion: 
 

Nuclear Fission Nuclear Fusion 

Fission occurs when a neutron bombarded into a 
larger atom, forcing it to excite and split into two 
smaller atoms—also known as fission products. 
Additional neutrons are also released that can 
initiate a chain reaction. 

Fusion occurs when two atoms collide or fuse 
together to form a heavier atom, like when two 
hydrogen atoms fuse to form one helium atom. 

Wheneachatomsplit,atremendousamountof energy 
is released 

The energy released during nuclear fusion is 
several times greater than the energy released 
during nuclear fusion. 

Fissionreactionsdonotoccurinnaturenaturally Fusionreactionsoccurin starsandthesun 

Littleenergyisneededtosplitanatominafission 
reaction 

High energy is needed to bring fuse two or more 
atoms together in a fusion reaction 

The energy released by fission in nuclear power 
plant heats water into steam. The steam is used to 
spin a turbine to produce carbon-free electricity. 

It is not used in nuclear power plants because 
tremendousamountofpressureandtemperature 
needed to join the nuclei together. 

 
ComponentsofaNuclearPowerPlant: 

 

Figure:ComponentsofNuclearPower Plant 

Themaincomponents of anuclear powerplant are: 

 Nuclearreactor 
 Heatexchanger(steam generator) 
 Steam turbine 
 Condenser 
 Electricgenerator 

In a nuclear power plant, the reactor produces heat energy from the nuclear fission of the nuclear fuel. 
The heat liberated in the reactor is taken up by the coolant circulating through the reactor core. Hot 
coolant leaves the reactor and then flows through the tubes of steam generator. Hot coolant gives up 
theheatenergytothefeedwaterflowingthroughthesteamgenerator.The steamsoproducedexpands in the 
steam turbine and produce mechanical work. The steam turbine runs an electric generator to produce 
electricity. The exhaust steam can be condensed for recycling. Pumps are provided tocirculate the 
coolant, condensate and feed water. 
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NuclearReactor: 

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

The reactor generates spontaneous energy from the continuous fission reaction. During fission 
kinetic energy is converted into thermal energy. The heat produced in the reactor is transferred to a 
coolantwhichiseitheruseddirectlyorindirectlybyconvertingintosteam.Thissteamisusedtorotate the 
turbine where the thermal energy is converted into mechanical energy. 

 

Figure:Nuclear Reactor 

MainComponentsof aNuclearReactorare: 

Nuclear Fuel: Commonly used nuclear fuels are U233, U235 and Pu239. Among these U235 is most 
unstable and is capable to sustain chain reaction. This is called as primary fuel. U233 arid Pu239 are 
artificially produced from Th232 and U238 respectively and are called secondary fuel. 

Core: Itcontainsallthefuelandgeneratestheheatrequiredforenergyproduction. 

Moderator: Material in the core which slows down the neutrons released from fission so that they 
cause more fission. H2O, D2O (heavy water), He (gas), Be and C (graphite) are the commonly used 
moderators. 

Coolant: It absorbs heat when passes through the core and delivers that heat to the heat exchanger for 
the formation of the steam. Commonly used coolants are Santiwax R (organic, Hg, He, CO2) 

Control rods: These are made with neutrons-absorbing material like cadmium or boron. These are 
inserted into or withdrawn from the core to control the rate of reaction. By pushing these rods deeper 
into the central core, any number of excess neutrons can be absorbed. 

Shielding: Shielding is necessary in order to protect the walls of the reactor vessel from radiation 
damage, and to protect operating personnel from exposure to radiation. 

Reflector: A reflector is placed round the core to reflect back some of the neutrons that leak out from 
the surface of the core. It is generally made of the same material as the moderator 

Reactors Vessel: It encloses the various parts inside the reactor including the core, shield, reflectoretc. 

Containment: The enveloping structure that separated the nuclear reactor from the surrounding 
environment. 
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PropertiesofModerator: 

Thedesirablepropertiesofamoderatorin areactor are: 

 Highslowing down power. 
 Lowparasite capture. 
 Non-corrosiveness. 
 Highmelting pointforsolids andlow meltingpoint forliquids. 
 Chemicalandradiationstability. 
 Highthermalconductivity. 

PropertiesofCoolant: 

Thedesirable characteristicsforareactor coolantare: 

 Lowparasite capture. 
 Lowmelting point. 
 High boiling point. 
 Chemicalandradiationstability. 
 Lowviscosity. 
 Non-toxicity. 
 Non-corrosiveness. 
 Minimuminducedactivity. 
 Highspecificheat. 
 High density. 

 
DifferencebetweenNuclearandThermalPowerPlant: 

 

 

NuclearPowerPlant ThermalPower Plant 

Itneedslessspace. Itneedsmorespace. 

Uses nuclear fission of radioactive fuels to 
produce heat energy. This energy is used to 
produce steam. 

Usescoal,oilorgasestoproduceheatenergy. This 
energy is used to produce steam. 

Theseplantsarelocatedawayfrompopulated area to 
avoid the risk of radioactive pollution. 

These plants are installed where there is 
suitability of supply of fuel, water and transport. 

Ithashighinitialcostincomparisontothermal power 
plants. 

Ithaslowinitialcostincomparisontonuclear power 
plants. 

Ithaslowoperatingcostincomparisontothermal 
power plants. 

Ithashighoperatingcostincomparisonto nuclear 
power plants. 

Coalisthesourceofpower.Fuelsourceis limited. NuclearfuelslikeUraniumarethesourcesof power. 
Fuels are available sufficiently. 

Overallefficiencyismore. Overallefficiencyisless. 

Ittakes moretime forstarting theplant. Itstarts easily. 

Standbylossesare less. Standbylossesare more. 

Betterinenvironmentfriendly. Leastenvironment friendly. 
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SiteSelectionforNuclearPowerPlant: 

Thefollowingfactors are considered whileselecting thesiteforanuclearpower plant. 

 The site should be nearer to a river, reservoir or sea to fulfill the requirement of water for 
theplant. 

 To minimize the power loss in transmission lines and to reduce the cost of power delivered to 
the consumer, the plant should be located nearer to the load centre. 

 Thepowerplantshouldbelocatedfarawayfrompopulatedareatoavoidtheradioactive hazard. 
 Thepowerplantshould haveeasyaccessibilitythrough railandroadtransportation facilities. 
 The wastes of a nuclear power plant are radioactive and there should be sufficient space 

nearthe plant site for the disposal of wastes. 
 Thereshouldbeconsiderablyno riskof disaster. 
 Thesiteshouldbesafeaspergeological,hydrological,meteorologicalandseismological report for 

the location. 

Radioactivewastedisposal: 

Radioactive waste contains radioactive material. It is usually a byproduct of nuclear power 
plant. It is hazardous to environment and living organisms, so it is regulated by government agenciesin 
order to protect human health and the environment. 

Radioactivity naturally decays over time. So isolated and confined radioactive wastes possess 
no threat after a sufficient time period. These wastes can be well managed for disposal. It is 
approachedtomanageradioactivewastebysegregationandstorageforshort-livedwaste,near-surface 
disposal for low and some intermediate level waste, and deep burial or partitioning / transmutation for 
the high- level waste. 

ListofNuclearPower Stations: 

ThevariousnuclearpowerplantssituatedinIndia areasfollows: 
 

NameofthePlant Location Capacity 

Tarapurpowerplant Maharashtra 380 MW 

Rana-PartapSagarpowerplant NearKota,Rajasthan 400 MW 

Kalpakkampowerplant NearChennai,TamilNadu 470 MW 

Narorapowerplant Uttar Pradesh 470 MW 

Kakraparpower plant Suratdistrict,Gujarat 470 MW 
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In an engine-generator set, the generator shaft is coupled to the Engine shaft. The engine 
converts chemical energy in fuel into mechanical energy. The generator converts mechanical energy 
into electrical energy. 

Diesel engine is an excellent prime mover for electric generator capacities of from 100 hp to 
5000 hp. The Diesel units used for electric generation are more reliable and long - lived piece of 
equipment compared with other types of plants. 

Dieselenginepowerplantsareinstalled where: 

 Supplyofcoaland water isnot availableindesired quantity.
 Poweristobegeneratedinsmallquantityforemergencyservices.
 Standbysetsarerequiredforcontinuityofsupplysuchas inhospital,telephoneexchange.

Advantagesofdieselelectricpowerplants: 

Theadvantages ofdiesel powerplants arelisted below. 

 Designandinstallationsarevery simple.
 Requireslesswaterfor coolingpurpose.
 Standbylossesarelessascompared tootherPower plants.
 Lowfuelcost.
 Quicklystartedand puton load.
 Smallerstorageis needed forthe fuel.
 Layoutofpower plantisquite simple.
 Noproblem ofAsh handling.
 Lesssupervisionrequired.
 Forsmallcapacity,dieselpowerplantismoreefficientascomparedtosteampowerplant.
 Ableto respondto varying loadswithout any difficulty.
 Occupylessspace.
 Requireslessoperatingandsupervisingstaffas compared tosteampowerplant.
 Overallcapitalcostislesserthanthatofsteampower plant.

Disadvantagesofdieselelectricpowerplants: 

Thedisadvantages ofdiesel power plantsarelisted below. 

 Highoperatingcost.
 Highmaintenance andlubricationcost.
 Fuelcostis more,sincein Indiadieselis costly.
 Theplant costperkWis comparatively more.
 Thelifeof diesel powerplantis small dueto highmaintenance.
 Noiseis aserious problemin diesel powerplant.
 Dieselpowerplantcannotbeconstructedforlarge scale.
 Thesecan’tbeconstructedinlargesize. Itscapacityis limited.
 Dieselpowerplant arenot economical.

Applications: 

 TheyarequitesuitableformobilepowergenerationandarewidelyusedinTransportation systems 
consisting of railroads, ships, automobiles and airplanes.

 Theycanbeusedforelectricalpowergenerationincapacitiesfrom100to5000H.P.
 Theycanbeused asstandbypower plants.
 Theycan beused aspeakloadplants forsomeother typesof power plants.

DIESELELECTRICPOWERSTATION 
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Layoutofdieselelectricpowerplants: 
 

 

Figure-1:SchematiclayoutofDieselPowerPlant 

 

 
Figure-2:SchematiclayoutofDieselPowerPlant 

EssentialComponentofDieselPowerPlant 

 Engine 
 Air intake system 
 Exhaust system 
 Fuelsystem 
 Starting system 
 Governing system 
 Cooling system 
 Lubricationsystem 
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AirIntake System: 

Theairintakesystemconveysfreshairthroughpipesandducts to 

 Airintakemanifold of 4sengine 
 Scavengingpumpinletof2s engine 
 Superchargerinletofsuperchargedengine 

 

 
Figure:AirIntakeSystem 

Thefresh airisfirstdrawnandfilteredtocatchdirtfromoutsidesair.Thefiltersmaybeofdryoroil bath. Filtered 
air is then drawn by the engine during suction. 

ExhaustSystem: 

Theexhaust system is used todischargetheengineexhaust totheatmosphereoutsidethe plant. 
 
 

 
Figure:ExhaustSystem 

Theexhaustmanifoldtakesexhaustgasesfromengineoutletanddischargethegasestotheexhaust pipe. The 
muffler provided with the exhaust pipe reduces pressure in the exhaust line and reduce noise. 
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FuelSupplysystem: 

Thefuelisdeliveredtotheplantbyrailroadtankcar,bytruckorbybargeandtankerandstoredinthe 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. 

 

 
Figure:FuelStorage& SupplySystem 

The capacity of the daily consumption should be at least the 8-hour requirement of the plant. Thistank 
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. 

FuelInjectionsystem: 

Thefiveessential functionsof afuelinjection system are: 

 Todeliveroil fromthestorageto thefuel injector. 
 Toraisethefuel pressure tothelevelrequiredfor atomization. 
 Tomeasureandcontroltheamountoffueladmittedineachcycle. 
 Tocontrol timeof injection. 
 Tosprayfuel intothecylinderinatomized formforthorough mixingand burning 

Fuelinjectorisamechanicaldevicewhichisresponsibleforinjectingtherequiredamountoffuel into the 
engine to produce suitable air/fuel mixture for optimal combustion 

Thetypes offuelinjection methods are 

 CommonRail 
 IndividualPump Injection 
 Distributor 

CommonRailFuelInjection: 

In this typeof injection, a pump suppliesfuel underhigh pressure to a fuel header. This forces the fuel to 
each of the nozzle situated in the cylinders. A mechanically operated mechanism valve allows the fuel 
to enter in appropriate cylinder. The pressure relief and timing values are used to regulate the injection 
time and amount. The spring-loaded safety valve used as a check valve. When injectionvalve lifts to 
admit high pressure fuel to spray valve, its needle rises against the spring. when the pressure is vented 
to the atmosphere, the spring shut the valve. 



POWERSTATIONENGINEERING 
 

 

 
 

Figure:CommonRailFuelInjectionSystem 
 

 
IndividualPumpFuel Injection: 

In this type of fuel injection system each fuel nozzle is connected to a separate injection pump. The 
pump controls the fuel charge and injection timing. Nozzles contain a delivery valve actuated by the 
fuel-oil pressure. 

 

 

 
Figure:IndividualPump FuelInjection System 
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DistributorSystem: 

In this type of fuel injection system, the fuel is metered at a central point. The pump meters the fuel 
and time the injection. The pressurized fuel distributes to cylinders in correct firing order by cam 
operated poppet valves which open to admit fuel to the nozzles. 

 

 
Figure:DistributorFuelInjectionSystem 

CoolingSystem: 

During the combustion process the peak gas temperature in the cylinder of an internal combustion 
engine is of the order of 2500 K. Metallic components are heated with very high temperature. Thus, 
cooling for the cylinder head, cylinder and piston is necessary. 

Coolingoftheenginereducethepossibilityof fatiguecracking,knockingandpreignitionproblemand 
increases the thermal efficiency. 

Basedoncoolingmediumtwotypesofcoolingsystemaregenerallyused.Theseare 

 Airasdirect coolingsystem 
 Liquidorindirectcooling system 

Aircoolingisusedinsmallengineandportableengines.Liquidcoolingisusedincaseofbigengines. The 

cooling system can also be classified into two types: 

 Open Cooling System: A Plant near the river may utilize the river water for cooling & 
discharging again the hot water into river. This type of cooling system is known as open cooling 
system. 

 Closed Cooling System: The Cooling Water is circulated again & again and only water lost dueto 
leakage, evaporation etc. is made up by taking make up water from supply source. 

Liquidcoolingsystemisfurtherclassifiedas: 

 Opencoolingsystem 
 Naturalcirculation(Thermo-system) 
 Forcedcirculation system 
 Evaporationcooling 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 outof 
the engine is not cooled for reuse but it is discharged. 
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Naturalcirculation(Thermo-system) 

The system is closed and designed so that the water may circulate naturally because of the difference 
in density of water at different temperatures. When the water is heated, its density decreases and it 
tendstorise,whilethecoldermoleculestendtosink.Circulationofwaterthenisobtainedasthewater heated to 
rise and the water-cooled in the radiator with the help of air passing over the radiator either by a fan. 

Forcedcirculation system 

Forced circulation cooling system that is closed one. The coolant (water or synthetic coolant) is 
circulated through the cylinder jacket with the help of a pump and driven by the engine. 

Evaporation CoolingSystem: 

Inthismethod,watergetsconvertedintosteamaftercoolingtheengine.Thissteamiscooledbythe 
evaporative colling method. 

LubricationSystem: 

Engine lubrication system provides lubricating oil to moving parts of the engine to reduce the friction 
between them. It reduces the wear & tear of the engine parts. 

Thissystemconsistsoflubricatingoilpump,oiltanks,filters,coolers,purifiers&connectingpipes. 

In this system the lubricating oil is stored in main lubricating oil tank. From this tank, oil is drawn by 
means of oil pump and then passed through the oil filter for removing impurities. Then this clean 
lubricating oil is delivered to the different points of the engine where lubrication is required. The oil 
cooler is provided in the system to keep the temperature of the lubricating oil as low as possible. It is 
then cooled through heat exchanger by means of cold water and then it is fed to the engine. 

Themainfunction ofthe lubricant is: 

 Toreducefrictionandwearbetweenthe partshavingrelative motion. 
 Tocleanthesurfacebycarryingawaythecarbon andmetalparticles causedby wear. 
 Toabsorbshockbetweenbearingsandotherpartsandconsequentlyreduce noise. 
 Tocoolthesurfacesbycarrying awayheatgenerated dueto friction. 
 Toremovetheheatgeneratedduetofrictionandkeepsthepartscool. 

Engine lubrication system is classified as: 

 WetSumplubricationsystem 
o Splash system 
o Semipressuresystem 

 Drysumplubricationsystem 
 Mistlubricationsystem 

StartingSystem: 

Initial rotation of the engine shaft is done by the starting system until the firing start and the engine 
runs with its own power. In case of small diesel generator set, the initial rotation of shaft is done by 
rotating the handle. But in case of large power plants, it is done by compressed air. This system 
includes storage compressed air tank, self-starter, auxiliary engines & electrical motors (battery) etc. 
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SiteSelectionforPlant 

Thefollowingfactorsshouldbeconsideredwhileselectingasitefordieselpower plant. 

 Foundationsubsoilconditions-Foundationofsubsoilconditionatareasonabledepth provides a 
strong support to the engine. 

 Accesstothesite -Thesiteshouldbeaccessible forrailand road. 

 Distance from the load centre - The location of the plant should be near to the load centre 
toreduce the cost of transmissions line, cost of maintenance and power load. 

 Availabilityofwater-Sufficientwatershouldbeavailableatthesite. 

 Fueltransportation-Tominimizethetransportationcharge,thesitesshouldbeneartothe source of 
fuel supply. 
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Hydroelectric power is the obtained from the energy of falling water whereas hydroelectric power 
plant is the power plant utilising this potential energy of water at a high level for the generation of 
electrical energy. There is a conversion of hydraulic energy into mechanical energy followed by 
electrical energy. 

 
AdvantagesofHydroelectricpowerplants: 

 Wateris availablethroughout theyear.
 Operationalandmaintenance costislower.
 Thecost of fuel is nil.
 HydroPlants aremadefor multiplepurposes.
 Therequirement ofworking staffis less.
 Thecost ofexpenses is lower.
 Itisacleanandnon-pollutingsourceofenergy.
 Nofuelisrequired.
 Damsareconstructednearrivers.Asthewaterlevelrises,thekineticenergyofwatergets changed to 

potential energy.

DisadvantagesofHydroelectricpowerplants: 

 Embankmentconstructioncostis high.
 Landspacerequirementfor setupis large.
 Watermustbeabundantto continuetheprocess.
 Aquaticlifeis affected.
 Embankmentareasneedtobeevacuatedforfloodplains.
 Highly expensive.
 Largeareasofhumanhabitationandagriculturalfieldsaresubmerged.
 Damscanbemadeinlimited areas.

 
Generalarrangementofstoragetypehydroelectricproject 

Themajorrequirement forhydroelectricpowerplantisexplained below. 
 

 Theremustbeavailabilityofwaterinhugequantityatsufficienthead.Forthisrequirement 
construction of dam across a river or lake is required.

 Thedamprovidesanartificialstorage reservoir.
 Apressuretunnel istaken offfromthereservoirtothevalve houseat thestartof thepenstock.
 Thevalvehousecontainsmainsluicevalvesforcontrollingwaterflowtothepowerstation and 

automatic isolating valves for cutting off water supply in case the penstock bursts.
 Asurgetankisprovidedjustbeforethevalvehouseforbetterregulationofwaterpressurein the 

system.
 Penstocktocarrywater.
 Waterturbine
 Alternator

HYDELPOWERSTATION 
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Layoutofhydroelectricpower plant 

 
Working: 

Fromthe reservoir the wateris carried to valve housethroughpressuretunnel and from valvehouse to the 
water turbine through pipes of large diameter made of steel or reinforced concrete, called the penstock. 
The water turbine converts hydraulic energy into mechanical energy and the alternator coupled to the 
water turbine converts mechanical energy into electrical energy. Water after doing useful work is 
discharged to the tailrace. 

 
Selectionofsiteofhydelpower plant. 

Thefollowingfactorsshouldbeconsideredwhileselectingsiteforhydroelectricpower plants. 

 
 Availability of Water: Huge quantity of water is required for hydro-electric power plants 

because it runs on the energy possessed by flowing water. Availability of water for plant 

depends on the amount of rainfall, losses of water and storage of water.

 Water Storage: Building of dam across the river is essential to store water for plant. Water 

falling from the top of the dam possesses high energy. Before constructing the dam near the 

riverdetailstudyonthegeographicalandtopographicalfeaturesofcatchmentareaisrequired.

 Water Head: The available water head depends upon the topography of the area. Availability 

of head of water has considerable effect on the cost and economy of power generation. Inorder 

to determine the most effective and economical head it is necessary to consider all possible 

factors which affect it.

 Distance from Load Centre: Hydroelectric power plant is usually located far away from the 

load centre.

 AccessibilityoftheSite:Adequatetransportationfacilitiesmustbe available.
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 Water Pollution: Polluted water may cause excessive corrosion and damage to the 

metallicstructures. Hence availability of good quality water is essential.

 LargeCatchmentArea:Thereservoirmusthavealargecatchmentareasothatlevelof water in the 

reservoir may not fall below the minimum required in dry season.

 AvailabilityofLand:Thelandavailableshouldbecheapincostandrockyinorderto withstand the 

weight of the large building and heavy machinery.

Listofhydropowerstationswiththeircapacitiesandnumberofunitsinthestate 
 
 
 

Sl. 
No. 

Nameof thePowerPlant Place Capacity No. of Units 

1 OdishaHydroPower 
Corporation Limited 
(OHPCL) 

Rengali 250 MW 5 x 50 MW 
2 Upper Kolab 320 MW 4 x 80 MW 
3 UpperIndravati 600 MW 4 x 150 MW 
4 Machkund 60 MW 3 x 23 MW 

3 x 17 MW 
5 Burla 287.8 MW 2 x 49.5 MW 

2 x 32 MW 
2 X 43.65 MW 
1 X 37.5 MW 

6 Chipilima 72 MW 3 x 24 MW 
7 Balimela 510 MW 6 x 60 MW 

2 x 75 MW 

 
DifferenttypesofTurbines&Generatorsusedinhydropowerplant: 

 Therearetwomaintypesofhydro-powerturbinessuchas:ReactionturbineandImpulse turbine.

 The type of hydropower turbine selected for a project is based on the height of standing water, 

known as Head and the flow or volume of water over time.

 Otherdecidingfactors includehowdeep theturbinemust beset,turbineefficiencyandcost.

 
Thedifferentturbines usedinhydro powerplants are: 

 Peltonturbine
 Francis’sturbine
 Kaplanturbine

 

 
NOTE:ReferstudymaterialofSubjectHydraulicmachinesforturbinesand numerical. 
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Gas Turbine Power Plant is used to generate electrical energy using air as the medium, which helps to 
rotate the turbines and connected to generators to develop electricity. 

 
Elementsofsimplegasturbinepowerplants: 

The gas turbine power plant generally comprises of a compressor which draws air into the engine, 

pressurise the air and feed the compressed air to the combustion chamber where the gas turbine fuels 

are burned in presence of compressed air and propelling force is generated from the burnt gases. The 

elements of gas turbine power plant are: 

 
1. Compressor: 

It draws air into the engine, pressurise the air and feed the compressed air to the combustion 

chamber at very high speeds. 

2. Combustionsystem, 

It is typically made up of a ring of fuel injectors that inject a steady stream of fuel into 

combustion chambers where it mixes with the air. The mixture is burned at temperatures of 

morethan20000F.Thecombustionproducesahightemperature,highpressuregasstreamthat enters 

and expands through the turbine section. 

3. Turbine: 

It is an intricate array of alternate stationary and rotating aerofoil-section blades. As hot 

combustion gas expands through the turbine, it spins the rotating blades. The rotating blades 

performadualfunctionsuchas:(i)theydrivethecompressortodrawmorepressurizedairinto the 

combustion section, and (ii) they spin a generator to produce electricity. 

 

 
LayoutofGasturbinepowerplant 

 
4. Alternator: 

Itisused toproduceelectricitywhenit runsby turbine. 

GASTURBINEPOWERSTATION 
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Fuelsofgasturbinepower plants: 

Gasturbinesaremostlyoperatedon naturalgasorliquefiednaturalgas(LNG) becauseofitspurity and ease of 
combustion. 

Gasturbinesusesliquidfuelsandgaseousfuels. 

Some examples of gas turbine fuels are: 

1. Gaseousfuels:Naturalgas,Blastfurnacegas,Producergas,Coal gas 
2. Solidfuels:Pulverizedcoal. 
3. Liquidfuel:Differenttypesofoilsusedmaydistillatedoilsandresidual oils. 
4. Gasolineand Keroseneor blend ofthe two are also used. 

 
 

Meritsofgasturbinepowerplants: 

Themerits/advantagesof gasturbineplantare: 

 Highoperating speed. 

 Thereis no smokecombustion occurred. 

 Itrequiredless space. 

 Thecapacity of workproduced for1 kgofair is high. 

 Thelubricationprocessis simple. 

 Capitalcostislesscomparedtootherplants. 

 Thereisno problemwithash content. 

 Ithashighermechanicalefficiency. 

 Requiredmaintenanceislessthananotherplants. 

 Ithashighreliability. 

 Theseplants aremoreflexibleduring operation. 

Demeritsofgasturbinepowerplants: 

Thedemerits/disadvantagesofgasturbineplantare: 

 Thereisaneedof externalenergy tostartacompressorbeforetheturbine starts. 

 Thisplant has thedifferent typeofmetals required than other plants. 

 Itrequiresaspecialtype ofcoolingsystemormethods. 

 Thelifeoftheplant is less. 

 Layoutofthisplantiscomplexthandiesel plant. 

 Theseplants aremoredangerous and has morerisk. 
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Applicationsofgasturbinepowerplants: 

Someapplicationsofgasturbineplantare: 

 Toproduce electricity. 

 Usedinturbopumps,rotary compressors. 

 Usedinaircraft. 

 Usedinheavyengineslikedieselengines. 

 Usedinmarine engines. 
 

 
Selectionofsiteforgasturbinepower plants: 

1. ItshouldbelocatedneartheLoadcentretoreducetransmissioncostsandthetransmission losses. 

2. Labourshould beeasily availability. 

3. Siteshouldbeawayfromlocalitiessinceitisnoisyinoperation. 

4. Transportationfacilitiesshouldbeavailable easily. 

5. Landshouldbeavailable in cheap 

6. Availabilityoflandatcheapcost. 

7. Bearingcapacityoflandshouldbe high. 
 

 

REFERENCE: 

1.PowerPlantEngineeringbyR.K.Rajput(Book). 
 

 


