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Apowerplantcanbeconsideredasamachinerysetupthatproducesanddeliversaflowofmechanical or 

electrical energy. Generators are considered as the main equipment for the electricpower generation. It 

generates electricity when it is driven by a prime mover. On the basis of the typesofprimemovers used, 

power plants areclassified. 

Themajorpower plantsare, 

 Steampowerplant 

 Dieselpowerplant 

 Gasturbinepowerplant 

 Nuclearpowerplant 

 Hydroelectricpowerplant 

SourcesofEnergy: 

Energysourcesareclassifiedas: 

 ConventionalEnergySourcesorNon-RenewableEnergySources 

 Non-conventionalEnergySourcesorRenewable EnergySources 

ConventionalEnergySources: 

These sources are finite and exhaustible. Once consumed, these sources cannot be replaced. 

ExamplesofthesesourcesareenergyfromCoal,timber,petroleum,lignite,naturalgas,fossilfuels,nuclearfuel 

setc. 

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 
energycontinuouslywithout depletion. 

Captivepowerstations: 

An electricity generation station which is used by an industrial or commercial energy consumer for 

itsown energy consumption is known as a Captive power station. Captive power plants can 

exchangetheirsurplus energywith thegrid. 

Centralstations: 

An electricity generation station which is not made for the self uses of the industries is known as 

aCentral power station. It generates more power than the captive power plant. It is suitable for 

largescale power generation. These stations are located outside of the end users and connected to a 

highvoltage transmission network. The electricity generated from these stations are purchased by 

theconsumers. 

ClassificationofPowerPlants: 
 

ConventionalPowerPlants Non-ConventionalPowerPlant 

 Steam/ThermalPowerPlants 

 DieselPowerPlants 

 GasTurbinePowerPlants 

 Hydro-ElectricPowerPlants 

 NuclearPowerPlants 

 Solarbasepowerplant 

 WindEnergyPowerPlant 
 GeothermalEnergy 

 TidalWaveEnergyPowerPlant 

 OceanThermalenergyconversionPlant 

 Biogas,BiomassEnergyPowerPlant 

 ThermoelectricGenerator 

CHAPTER-1 INTRODUCTION 



ImportanceofElectricalPower: 

The importance of electricity now day is many more than our imagination. In every field there 

isnecessity of electricity. The importance of electric power can be understood from its wide area 

ofapplication. Some of the most notable uses of electricity are: Entertainment, Healthcare, 

Engineering,TransportandCommunication, Outdoors,Household,Commercial, Office,Fueland 

Spaceetc. 

OverviewofMethodofElectricalPowerGeneration: 

Thevarioussources whichareusedto generateelectricpowerarediscussedbelow. 

SteamPower: 

 Steam power plants known as Coal-fired power plants use steam as a source to 

generateelectricity. But the flue gas emitted by the plant to the atmosphere possesses harmful 

gases andthereforeit is not environment friendly. 

 Butitis nowamajorelectricitygeneratingplant. 

HydroPower: 

 The gravitational force of flowing water is utilized in hydro power plants to run the turbines. 

Inthese plants, water is forced to possess kinetic and pressure energy which is converted 

intomechanicalenergy on therotation ofrunner ofthehydraulicturbine. 

 Itisaclean andrenewableresourceoffromwhichelectricityisobtained. 
 As compared to fossilfuel-poweredenergy plants, hydroelectric power plants emit 

fewergreenhousegases. 

 Theconstructionofhydroelectricpowerplantsanddamsrequireshugeinvestment. 

NuclearPower: 

 Nuclearpowerplantsgenerateahighamountofelectricityfromanuclearfissionreactionusinguraniu 

m as fuel. 

 Nuclearpower plantsrequirelowquantitiesoffuelbutproduce 

alargeamountofpower.Oncestarted,it runefficiently. 

 Itismore reliablecomparedtorenewablesourcesofenergysuchassolar andwind. 
 Intheseplants,waterisconvertedintosteamafterreceivingheatenergyfromthenuclearreactionand 

this steam isused intheturbine forenergy conversion. 

Dieselenginepower: 

 Thisisusedforsmall-scaleproductionofelectric powerbyusingdieselas fuel. 

 Dieselisanon-renewablesourceofenergywhichmakestheseplantsnon-durable. 
 They are installed in places where there is no easy availability of alternative power sources 

andaremainly usedas abackupfor uninterruptedpower supply wheneverthereareoutages. 

 Itisconsideredasunsuitableforhighmaintenancecostsanddieselprices. 

WindPower: 

 Windturbinescapturekineticenergyfromwindandconvertitintoelectricity.Theamountofenergydep 
ends on speedof thewind. 

 Itisarenewablesourceof energy. 

 Wind power projects typically require huge capital expenditure. After the wind turbines 

arebuilt,operationalcostsinvolvedinmaintainingwindpowerplantsarelowandtheyaregenerallycon 

sidered to berelatively cost-effective. 

SolarPower: 

 Solar energy plants convert energy from the sun into thermal or electrical energy. It gives 

therenewableenergy sources. 

 They do not require high maintenance and last for about 20 to 25 years but requires high 
initialcostforinstallation. 

https://www.nsenergybusiness.com/news/solar-indian-electricity-market/


TidalPower: 

 Tidalenergyisgeneratedfromconvertingenergyfromtheforcetidesintopower.Thispoweriscreated 

when tides rotate submerged turbines. 

 Itsproductionisconsideredmorepredictable comparedtowindenergyandsolarpower. 

 Tidalpower isstill notwidely used. 

Biomass: 

 Burningorganicmaterialsproduceshighpressuregasthatcandriveaturbine- 

generatortomakeelectricity. 

Geothermalenergy: 

 Geothermalpowerplantsutilizetheinternalheatofearth’scrusttoheatwatertoproducesteam.This 

steam gives energy totheturbine-generator to produceelectricity. 

 Geothermalpowerplantsareconsideredtobeenvironmentallyfriendlyandemitlowerlevelsofharmfu 

l gases compared with coal-fired powerplants. 



 

A thermal power station or a coal fired thermal power plantuses coal as the primary fuel. Heatreleased 

from the burning of coal is used to boil the water to make superheated steam for driving 
thesteamturbine.Itisthemostconventionalmethodofgeneratingelectricpowerwithhighefficiency. 

SteamPowerPlantLayout: 

Thedifferenttypes ofsystemsand componentsused insteampower plantareasfollows: 

 Boiler 

 Turbine 

 Condensers 

 Coolingtower 

 Coalhandlingsystem 

 Ashhandlingsystem 

 Draughtsystem 

 Feed watertreatment plant 

 Pumpingsystem 
 MountingslikeSafetyvalve,stopvalve,pressure gauge andwatergauge. 

 AccessorieslikeAirpreheater, economizer,superheaterandfeedheaters 

 Generator,TransformerandElectricitystorageanddistributionsystem 

Layoutofthermal plantcan beeasily understoodby dividingtheplant componentsinto fourcircuits. 

 Coalandashcircuit 

 Coal and Ash circuit in a thermal power plant layout mainly takes care of supplying 

theboiler 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 

handlingplantwhereastheashcollection,storageanddisposalmainlyhandledbytheashhandli 

ng plant. 
 
 

 Airandgascircuit 

 Air and gas circuit in a thermal power plant layout mainly takes care of 

supplyingpreheated air obtained from the Air preheater to the furnace and releasing the 

exhaustgasfrom thefurnaceafter thecombustion offuel. 

 AtmosphericairisdrawnintotheAirpreheaterthroughtheforceddraughtfanwhereairis 

heated by thehot fluegas coming out from thefurnace. 

 Flue gas having very high temperature is used in the super heater, economizer and 

airpreheater where its heat is recovered. After that the flue gas is passes through 

theelectrostatic precipitator for removing dust from the gas and then gas is drawn into 

thechimneyby the induceddraught fan toreleasethegas toatmosphere. 

CHAPTER 2 THERMAL POWER STATION 



 

 Feedwaterandsteamcircuit 

 The water and steam circuit in a thermalpower plant layoutmainly takes care offeeding 

hot water obtained from the economizer to the boiler and supplying steamobtainedfrom 

theboiler to the turbine togeneratepower. 

 The steam that is expelled by the prime mover in the thermal power plant layout is 

thencondensedina condenser for re-use inthe boiler.The condensedwater 

isforcedthrough a pump into the feed water heaters. Pre heated water is supplied into 

the boiler.Tomakeup for theloststeam and water makeupwateris feed totheboiler. 
 
 

 Coolingwatercircuit 

 Coolingwaterispassedthroughthecondenserwherethesteamiscondensed.Thewater after 

being heated by steam is discharged to Cooling tower. Cooling water circuitcan also be 

a closed system where the cooled water is sent through cooling towers forre-use in the 

power plant. The cooling water circulation in the condenser of a thermalpowerplant 

layout helpsin maintaining alowpressurein thecondenser. 
 
 



In a steam power plant, Steam is generated in a boiler, expanded in the prime mover and condensed 
inthecondenser and fedinto the boileragain.Thelayout of steampower plant isgiven below. 

Carnotvapourpowercycle: 

TheP-VandT-sdiagramforCarnotvaporcycleisshownbelow. 
 

 

(P-Vdiagram) (T-sdiagram) 

 

 
Carnotvaporcycleconsistsofthefourprocesses asdescribedbelow. 

 Isothermalexpansion: 
In figure process 1-2 shows the isothermal expansion process. In this process water gets 

heatedin the boiler at constant temperature (T1 = T2) and pressure (P1= P2) and gets converted 

intosteam.Entropyincreasesfroms1to s2and dry steamis collected at state2. 
Heatabsorbedby water(Q1-2) =T1(s2-s1) 



 Reversibleadiabaticexpansion: 
In figure process 2-3 shows the reversible adiabatic expansion process. In this process 

steamexpandsinside the turbine atconstantentropy(s1= s2) andproduceshaftpower. 

Steambecomeswetatstate 3. Pressureand temperaturegetchangedfromstate 2-3. 

 Isothermalcompression: 
In figure process 3-4 shows the isothermal compression process. In this process steam 

getscondensed in the condenser at constant temperature (T3 = T4) and pressure (P3= P4). 

Entropydecreasesfrom s3to s4and wet steam is collected at state 3. 
Heatrejected fromsteam(Q3-4) =T3(s3-s4)=T3(s2-s1) 

 Reversibleadiabaticcompression: 
In figure process 4-1 shows the reversible adiabaticcompression process. In this process 

wetsteam at state 4 gets compressed to state 1 at constant entropy (s4 = s1) in feed pump. 

PressureandTemperatureget changed from state 4-1. 

EfficiencyofCarnotCycle: 

Efficiency=




carnot 


    WorkdoneH 
eatSupplied 


Heat suppliedheatrejectedHeatS 

upplied 

Q12Q34 


T1(s2s1)T3(s2s1) 


T1T3 1
T3

 

Q12 T1(s2s1) T1 T1 

 

 

(Simplesteam powerplantworkingonCarnotcycle) 

 

Thelimitationsof Carnotvapor cycleare 

 Itisdifficulttocompressawetvaporisentropicallytothesaturated state(process 4-1). 

 Itis difficultto controlthequalityof thecondensate comingout ofthecondenser. 

 Theefficiency oftheCarnotcycle isgreatly affectedby thetemperatureT1. 

 Thecycle is stillmoredifficult tooperate in practicewith superheated steam. 

= 



Rankinecycle: 

A steam power plant using steam as working substance works basically on Rankine 

cycle.TheT-S diagram for Rankine cycle is shown below. 

 

 

 

 
Rankinecycle consistsofthefourprocessesasdescribedbelow. 

 Isothermalexpansion: 

In figure process 1-2 shows the isothermal expansion process. In this process saturated water 

atstate1 isconverted intodrysaturated steamat state2 inasteamboileratconstant pressure 

(P1=P2). Waterabsorbs the latentheat ofvaporization(hfg1=hfg2)and 

convertedintodrysaturatedsteam. 

Amountof heat absorbedinprocess 1-2 =hfg2=h2– hf2 (for dry steam:h2=hfg2+hf2) 

 ReversibleadiabaticorIsentropicexpansion process: 

In figure process 2-3 shows the reversible adiabatic or isentropic expansion process. In 

thisprocessdrysaturatedsteamatstate 2expandsisentropicallyinturbineto state3.Steamatstate3 

iswet. 

Workdoneintheprocess2-3=Turbine work =h2– h3 

 Isothermalcompressionprocess: 

In figure process 3-4 shows the isothermal compression process. In this process exhaust 

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

constanttemperature (T3 = T4). Steam releases latent heat ofvaporization and converted into 

saturatedwater. 

Amountof heat rejected inprocess 3-4=hfg3=h3– hf4 

 Reversibleadiabaticor Isentropicprocess: 

In figure process 4-1 shows the reversible adiabatic or isentropic process. In this 
processsaturatedwateris drawnby the pump and feedinto theboiler. 

Workdonein this process 4-1 =Pump work =h1– hf4 

EfficiencyofRankinecycle: 

Efficiency= NetWorkdone


WT WP  (h2 h3)(h1hf4) 


HeatSupplied Q12 (h2 hf 1) 

Ifpump work is neglected thenWP=0 



Various endconditionsofsteam: 

TheT-Sdiagramfor variousendconditions ofsteamcan bediscussedby theRankinecycle. 
 

 
 

 

 
 Efficiencyratio: 

It is the ratio of thermal efficiency to Rankine efficiency or actual cycle efficiency to 

idealcycleefficiency. 

Efficiencyratio= 
Thermal efficiencyRankine 

efficiency 

 Thermalefficiency: 

Thermalefficiency= 
3600P

 

m(h2hf3) 

Where,P =powerdevelopedinkWandm= 

mass ofsteam supplied 

 Workratio: 

Itistheratioofnetworkdonetotheturbinework. 

Workratio= 
TurbineworkCompressorworkTurbinew 

ork 

 Specificsteamconsumption: 

It is defined as the mass of steam supplied to the turbine todevelop unit power output. It 

isalsoknown as steam rateor specific rate of flowof steam. 

Specificsteamconsumption= 
3600

 

h2h3 

 

kg/kWh 



Problems: 

Q.1) In a steam power cycle, the steam supply is at 15 bar and dry and saturated. The 

condenserpressure is 0.4 bar. Calculate the Carnot and Rankine efficiencies of the cycle. 

Neglect pumpwork. 

Q.2) A simple Rankine cycle works between pressures 28 bar and 0.06 bar, the initial condition 

ofsteambeingdrysaturated.Calculatethecycleefficiency,workratioandspecificsteamconsumption. 

Q.3) A steam turbine receives steam at 15 bar and 3500 C and exhausts to the condenser at 0.6 

bar.Fortheideal Rankine cycleoperating betweenthesetwolimits,determine the (i) heat supplied, 

(ii)heatrejected,(iii)networkdone(iv)thermalefficiency. 

Q.4) Steam at 50 barand 4000C expands ina Rankine cycle to 0.5bar.Fora mass flowrate of150 kg/s 

of steam determine (i) power developed, (ii) thermal efficiency, (iii) specific 

steamconsumption. 

Q.5) Dry and saturated steam at 15 bar is supplied to a steam turbine working in Rankine cycle. 

Theexhaust takes place at 1 bar. Calculate (i) Rankine efficiency, (ii) steam consumption per 

kWhiftheefficiency ratio is 0.65. 

Q.6) A turbine working on a Rankine cycle is supplied with dry saturated steam at 25 bar 

andexhausttakesplaceat0.2bar.Forasteamflowrateof10kg/s,estimate– 

(i)qualityofsteamattheendofexpansion,(ii)turbineshaftwork,(iii)powerrequiredtodrivethepump,( 

iv)workratio, (v)Rankineefficiency, (vi) heatflow in condenser. 



BoilerAccessories: 

Boileraccessoriesare 

thesetofdevicesthatareusedtoincreasetheefficiencyoftheboiler.Thesedevicesimprovethe boiler operation. 

Thefollowingaresome of theaccessorieswhichareused inboiler. 
 

 Airpreheater: 

 Itisaheatexchangerwhichconvertsthecoldairintohotairfromtheheatexchangebetweenatmo 
sphericairand fluegas. 

 Itrecoversheatfrom the fluegascoming outoftheEconomizer. 

 Itisinstalledbetweenthe economizer andthechimney. 

 The air required for the purpose of combustion is drawn through the air preheater 

whereitstemperatureis raised.It is thenpassed throughductsto the furnace. 

 The preheated air gives higher furnace temperature which results in more heat 

transferto the water and thus increases the evaporative capacity per kg of fuel. It 

increases theboilerefficiency. 

 Economizer: 

 Itisaheatexchangerwhichconvertsthecoldwaterintohotwaterfromtheheatexchangebetwee 

nfeedwaterandfluegas. 

 Itrecoversheatfromthe fluegascomingoutofthesuperheater. 

 Itimprovestheeconomyofthesteamboiler. 

 Superheater: 

 It is a heat exchanger which converts the steam coming from the boiler into 

superheatedsteamfrom theheat exchangebetween steamandfluegas. 

 Itrecoversheatfrom the fluegas comingoutofboiler. 

 Its purpose is to increase the temperature of saturated steam without raising its 

pressure.It is generally an integral part of a boiler which is located in the path of hot 

flue gasesfromthefurnace. 

 Electrostaticprecipitator: 

 Ituseselectrostatic forcestoseparatedustparticlesfromexhaustgases. 

 The contaminated exhaust gas flow through the passage formed by a number of high- 
voltage,direct-currentdischarge electrodes andgrounded collectingelectrodes. 

 Theairborneparticlesreceivenegativechargewhilepassingthroughtheionizedfieldbetweent 

he discharge and collecting electrodes. 

 Thesechargedparticlesgetattractedtowardsthepositivelychargedgroundedorcollectingele 

ctrodeandadhereto it. 

 Thecollectedmaterialonthecollectingelectrodesisremovedbyrappingorvibratingthecollect 
ing electrodes. 



Needofboilermountings: 

Boilermountingsarethesetofsafetydevicesinstalledontheboilerforitssafeoperation.Theseareveryessential 

for aboilerto operate it safely. 

Thefollowing aresomeof themountingswhich areused in boiler. 

 PressureGauge:Itis usedto measurethe pressureofsteaminside theboiler. 

 WaterlevelIndicator: Itisused toindicatethewaterlevel intheboiler. 

 Safety Valve: It is used to blows off the excess steam when steam pressure reaches above 

safetylevel. 

 SteamStopValve:Itisusedtostopthesteamintheboilerandtransfersteamwhenitisrequired. 

 BlowoffValve: Itisusedtoblow offtheimpuritiesorsedimentssettleddownin theboiler. 

 Feedcheck Valve:Itis usedto controltheflowof waterfrom feed pumptotheboiler. 

Operationofboiler: 

 The boiler is a closed vessel. The basic function of boiler is to convert water into steam. 

Wateris supplied into the boiler drum where it is heated by hot gases that are formed by 

burning fuelin the furnace. When the steam at required pressure is generated inside the boiler, 

the steamstop valve releases the steam. This steam is superheated in a superheater before it is 

suppliedinto theturbine. 

 The various mountings and accessories of boiler helps to run the boiler safely and to 
improveplantefficiency respectively. 

Draughtsystems: 

 Boiler draught is the pressure difference between absolute gas pressure within a furnace 

orchimneyand atmosphericpressurewhich causes theflowof gas. 

 Draughtcan beobtainedbythe useof chimney,fan, steamor airjet or acombinationofthese. 

 Boiler Draught provide an adequate supply of air for fuel combustion. It can throw out 

theexhaust gases of combustion from the combustion chamber. It can discharge flue gases to 
theatmospherethrough thechimney. 

 ThedraughtsmaybeclassifiedasNaturalDraught andArtificialDraught. 

NaturalDraught: 

 Whenthedraughtisproducedwiththehelp of chimneyonly,itisknownasNaturalDraught. 
 Natural draught system employs a tall chimney and don’t require any external power 

forproducingdraught. 
 
 



 AdvantagesofNaturalDraught 

 

 It is produced with the help of chimney only. It does not require any external power 

forproducingthedraught. 

 Ithaslow capitalandmaintenance cost. 

 Simpleindesignandconstruction. 

 Ithas alonglife.Itleavesthefluegasata highlevel. 

 

 DisadvantagesofNaturalDraught 

 

 Maximumpressureavailableforproducingdraughtbythechimneyisless. 

 Theavailabledraught decreasedwithincreaseinoutsideairtemperature. 

 Flue gases have to be discharged at high temperature which lowers the plant 
overallefficiency. 

 

ArtificialDraught: 

 WhenthedraughtisproducedbyanyothermeansexceptchimneyitisknownasArtificialDraught. 
 To 

meetthehighdraughtdemand,artificialdraughtsystemisusedwhichisclassifiedassteamjetdraught 

and mechanical draught. 

 

MechanicalDraught: 

 Itis anartificialdraught wheredraughtisproduced bythe helpof fansor blowers. 

 Itismore economicalanditscontroliseasy, 

 Itincreasesthe rateofcombustion bywhichlow-gradefuelcanalso beused. 

 Itreducesfuelconsumptionandmakesboileroperation cheaper. 

 Itcanbe classifiedas Forceddraught,InduceddraughtandBalanceddraught. 

 

Forceddraught: 

 In this type of draught, a blower known as forced draught fan (FD fan) is placed before 

thegrate. It forces the air into the grate through the closed ash pit. Air is forced to flow through 

theentiresystem underpressure. 
 



Induceddraught: 

 In this type of draught, a centrifugal fan known as induced draught fan (ID fan) is placed 

nearthe base of the chimney. The ID fan draws the furnace flue gas and forces the gas up 

throughthechimney.Its action issimilar to thatof thenatural draught. 
 

 

Balanced draught: 

 Balanceddraughtisthecombination offorceddraughtandinduced draught. 

 It overcomes the difficulties that are seen by using the forced draught or induced draught 

alone.Itmaintains thebalance. 

 Theforceddraughtfansuppliesthecombustionairforbettercombustionoffuelandovercomestheresis 

tanceof fuel bed. 

 Theinduceddraughtremovesthefluegasandexcessairfromthefurnaceandhelpstoreleaseitthroughc 

himney.It helpstomaintain thepressureinsidethefurnacebelow atmospheric. 

 If the forced draught is applied alone, there will be high pressure in the furnace. It 

causesdifficulties in lightening and inspecting the boiler. There is possibility of blowing out of 

firefromthefurnacewhichmay disable thefurnace work. 

 If the induced draught is used alone, there will be difficulties in inspecting the boiler 

becausecold air may rush into the furnace as the pressure inside the furnace is under 

atmosphericpressure. 
 

 
 

AdvantagesofArtificialorMechanicalDraught 

 Itincreasestherateofcombustionforwhichlow-gradefuelcanbeusedinthefurnace.So,fuelcost is 

reduced. 

 Thedesired valueofdraughtcan beproduced, whichis notobtained innatural draught. 

 Itreducesthesmokelevelandreducestheheightof chimney. 

 Itismore economicalanditscontroliseasy. 

 Itsavestheenergy. Itimprovesplantefficiency asmaximumheatcanbeutilized. 

 Itreducesfuelconsumptionandmakesboileroperation cheaper. 



DisadvantagesofArtificialorMechanicalDraught: 

 Theinitial cost is high. 

 Therunningcostisalsohighduetoconsumptionofelectricitybutitiscompensatedbyothersavings. 

 Fansandblowers producenoise. 

 
 

SteamprimemoversorSteamTurbine: 

The steam turbine is used to convert the thermal energy of steam into mechanical energy by means 

ofrotation of turbine shaft shaft. This mechanical energy is used by generator to produce 

electricalenergy. 

The steam coming from the boiler rotates the turbine runner when strikes on it. Thus, 

mechanicalenergy is produced due to rotation of shaft of the turbine. When the turbine shaft rotates, 

the generatorshaftcoupled to the turbineshaft is also rotated. 

Advantagesofsteam turbine: 

 Ithashigherthermalefficiency. 

 Itcanprovideagoodrangeofuniform brakehorsepower. 

 Itisproperlybalancedandso,vibrationproblemis minimized. 

 Itgiveshighrpm. 

 Itisreliableanddurable. 

 Itneedsnolubrication. 

Disadvantagesofsteam turbine: 

 Itislessresponsivetochangesinpowerdemandcomparedtoreciprocatingenginesandgasturbines. 

 Ittakeslongstartup timecomparedtoreciprocatingenginesandgasturbines. 

 Itislessefficientatpartloadconditions thanreciprocating enginesandgasturbines. 

 

 
Classificationofsteamturbine: 

Thesteam turbinesmaybeclassified intothe followingtypes: 

 Accordingtothemodeofsteam action 

 Impulseturbine 

 Reactionturbine 

 Accordingtothedirectionof steamflow 

 Axialflow turbine 

 Radialflowturbine. 

 Accordingtotheexhaustconditionof steam 

 Condensingturbine 

 Non-consideringturbine 

 Accordingtothepressureofsteam 

 Highpressureturbine 

 Mediumpressureturbine 

 Lowpressureturbine 

 Accordingto thenumberofstages 

 Singlestageturbine 

 Multistageturbine 



Elementsof steamturbine: 

Thecomponentsof steam turbineare 

 

 SteamChestandCasing: 

 Thecasingcontains therotorand nozzlesthroughwhichthe steam isexpanded.

 Thesteam chest is connectedwith the higherpressureand low-pressure steam lines.

 Thesteam chest and casingprotect theturbinefrom surrounding.

 Itenclosesthe steaminside theturbine.

 Nozzles: 

 Theseareusedto increasethekineticenergy ofsteam.

 Rotor: 

 The rotor consists of disc mounted on a shaft. Number of blades are mounted on 

theperiphery ofthedisc.

 The shaft extends beyond the casing. One end of the shaft is connected with 
thegovernorand other endiscoupled withthe shaft ofthegenerator.

 The main function of the rotor is to convert the thermal energy of the incoming 

steamintokinetic energy.

 Blades 

 Number of blades mounted on the periphery of the disc are used to receive the steam 

onit.Theseareusedfor energy conversionandpressureand velocityvariation.

 Governor 

 Itisusedtomaintainthe meanequilibriumspeedofthesteamturbine.

 

DifferencebetweenImpulseand reactionturbine: 
 

 Impulseturbine  Reactionturbine 

1. Thesteamflowsthroughthenozzlesandim 

pingeson the movingblades. 
1. The steam flows first through 

guidemechanism and then through the 

movingblades. 

2. Thesteamimpingesonthebucketswithkinet 
icenergy. 

2. Thesteamglidesoverthemovingvaneswit 
hpressureand kinetic energy. 

3. Thesteammayormaynotbeadmittedove 

rthewhole circumference. 
3. Thesteammustbeadmittedoverthewh 

olecircumference. 

4. The steam pressure remains 

constantduring its flow through the 

movingblades. 

4. Thesteampressureisreducedduringitsflo 

wthrough the moving blades. 

5. The negative velocity of steam 

whileglidingoverthebladesremainsconsta 

nt. 

5. The relative velocity of steam 

whileglidingoverthemovingbladesincre 

ase 

6. Theblades aresymmetrical. 6. Thebladesarenotsymmetrical 

7. Thenumberofstagesrequiredislessforthes 

ame power developed. 
7. Thenumberofstagesrequiredismorefort 

he same powerdeveloped. 



Governingof Steamturbine: 

 Thefunction ofagovernor isto control thefluctuation ofspeed ofasteamturbine. 
 When the steam turbine is connected to drive an alternator, there may be variation of 

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

beovercomebyusingagoverningmethod. 

 Thedifferentgoverningmethodsare: 

 Throttlegoverning

 By-passgoverning

 Nozzlegoverning

ThrottleGoverning: 

 Thismethodisverysimpleandlesscostly.Thisisusedtoreduceinletsteampressurebythrottlevalve 

operated by governing mechanismonpart loads. 

 Anoil relayis usedto operatethethrottlevalve. 

 When the turbine works on less than full load condition, the load on the turbine 

suddenlyreleased, governor speed increases with rotor speed and sleeve moves upward. So, 

relay pistonunder oil pressure moves downward and partially closes throttle valve. Then the 

sleeve comestoits position when equilibrium speed is obtained. 

By-passGoverning: 

 Thismethodis usedinmodern impulseturbineoperating atavery highpressure. 

 In this method the whole steam enters the nozzle box through a throttle valve. This 

valvecontrols the speed of turbine for all load up to economical load. For the loads more 

thaneconomical load, the by-pass valve opens and allows the steam to pass from the first 

stagenozzle box into steam belt and so into the fourth stage nozzle. When the load stabilizes, 

thevalvecloses. 



 
 

 

NozzleControlGoverning: 

 Itisbasically usedforpart loadcondition. 

 In this method, some set of nozzles are grouped together and steam flow to each group of 

thenozzle is controlled by valves. Actually, nozzle control governing is restricted to the first 

stageofturbine whereas the subsequent nozzleareain otherstageremains constant. 

 In this governing rate of steam flow is depending on the opening and closing of set of 

nozzlesratherthanregulating its pressure. 

 



1 

Performanceofsteamturbine: 

 BladeefficiencyorDiagramefficiency: 

Itistheratiooftheworkdoneonthebladesperkgofsteamtotheenergysuppliedtothebladesper kg of 

steam. 

Mathematically: Bladeefficiency(𝜂 )=(
𝑉𝑤1+𝑉𝑤2 )×𝑉 = 

𝑉𝑤1+𝑉𝑤2)×2𝑉 

 
 

 Stageefficiency: 

𝑏 2𝑉1
 

2 

𝑏 ( 
𝑉2 𝑏 

Itistheratiooftheworkdoneonthebladeinheatunittothetotalheatenergysuppliedperstage. 

If∆𝐻isthetotalheatenergydropinthenozzlering,thenthetotalenergysuppliedperstage is 
𝐽×∆𝐻. 𝑉𝑤 +𝑉𝑤 ) 
Mathematically: 1 2    

=
(𝑉𝑤1+𝑉𝑤2) 𝑉𝑏 

 
  

 Nozzleefficiency: 

( ) 
𝑊.𝐽. ∆𝐻 𝑔 

×( ) 
𝐽.∆𝐻 𝑔 

Itistheratiobetweenactualheatdropofsteaminthenozzleandadiabaticorisentropicheatdropofsteam 

in the nozzle. 

Mathematically: Nozzle 

efficiency(𝜂𝑁 

)=
∆𝐻𝑎𝑐𝑡 

∆𝐻𝑡ℎ 

 

 Relationbetweenefficiencies: 
Stageefficiency(𝜂𝑠)=Bladeefficiency(𝜂𝑏)×Nozzleefficiency(𝜂𝑁) 

 

SteamCondenser: 

 Asteamcondenserisaclosedvesselintowhichthesteamisexhausted,andcondensedafterdoingwork 
in theturbine. A steamcondenser has thefollowing two objectives. 

 Themainobjectofcondenseristomaintainalowpressure(belowatmosphericpressure)soastodrawthe 

maximum possibleenergy fromsteam. So,theefficiencyof plant canbeincreased. 

 Itisused tosupplypurefeed watertothehotwell,from whereitis pumpedbackto theboiler. 

 

ClassificationofCondensers: 

Thesteam condensersmay bebroadlyclassifiedinto thefollowing types: 

 Jetcondensersormixingtypecondensers 

 Parallelflowjetcondenser

 Counterfloworlow-leveljetcondenser

 Barometricorhigh-leveljetcondenser, and

 Ejectorcondenser

 Surface condensersornon-mixingtypecondensers. 

 Downflowsurface condenser

 Centralflowsurfacecondenser

 Regenerativesurfacecondenser

 Evaporativecondenser.

𝑠 



ElementsofSteamCondensing Plant: 

Asteamcondensingplantconsistsofthefollowingelements. 

 Condenser 

 A condenser is the heat exchanger in which heat exchange occurs between the 

hotexhauststeam ofturbineandcold water.It worksata lowpressure.

 AirExtractionPump 

 Itisusedtomaintainthevacuumpressureinsideofthecondenser.

 CondensateExtractionPump 

 It is a low-pressure pump which is used to remove the condensed from the 
condenserandto supply it into thehot well.

 CoolingWaterCirculating Pump 

 Itisusedtocirculatethe cooling waterfromcoolingtowertocondenser.

 HotWell 

 Itisa tankwhichstores thecondensatewhichcomesfrom thecondenser.

 CoolingTower 

 It is a heat exchanger in which hot water extracted from the condenser transfers heat 
tothe cold atmospheric air and gets converted into cold water. This cold water is 
suppliedinto the condenser by cooling water pump to remove heat from steam. Some 
amount ofwatergets vaporized in thecooling tower.

 BoilerFeedPump 

 Itis apump whichis usedto supplythewaterfrom hotwell totheboiler.

 MakeupWaterPump 

 When there is deficiency of cooling water, makeup water needs to be added by the 
helpofthemakeup waterpumpto deliverfreshwater froma sump to thecondensing plant.

 



CoolingTower: 

 Coolingtowerisusedtorejectheatintotheatmosphere. 

 The cold water exits from the cooling tower is sent into the condenser. This water is 

convertedinto hot water after receiving heat from the steam inside the condenser. Hot water is 

extractedfromthecondenserandsuppliedto thecooling towerwhereitis 

cooledbytheatmosphericair. 

Typesofcoolingtower: 

Coolingtowerscanbeclassified onthebasis ofmethodofair circulation.Suchas: 
 

 Naturaldraughtcollingtower 

 Mechanicaldraughtcoolingtower 

 Forceddraught coolingtower

 Induceddraughtcoolingtower

 

 

Spraypond: 

 A spray pond isa reservoir inwhich warmed water iscooled before reuse by 

sprayingthewarmwater with nozzles into the coolerair. 

 Inspraytypecoolingmethod, alargesurfaceof waterisexposedforevaporation. 

 The hot water extracted from the condenser is supplied to the surface of the cooling tank and 

isprojected into thin horizontal sheets. Nozzles are fitted on the sheets. These nozzles brake 

upthe water into drops. Water droplets gets cooled due to conduction and convection. Cold 

wateriscollected at thebottom of thetank. 

 



Listofthermal powerplantsinOdisha: 
 

Sl.No. Nameof thePlant Capacityin MW 

1. JindalSteel andPower Ltd 810 

2. NALCOLtd.,CaptivePowerPlant 1200 

3. GMREnergy 1050 

4. VedantaLtd.,IPPandCPP 2400and 1215 

5. TalcherSuperThermalPowerStation 3000 

6. JindalIndiaThermalPowerLtd 1200 

7. RourkelaSteelPlant(CPP-I) 100 

8. ThermalPowerStation(OPGC 420 

9. HINDALCOIndustries Ltd(CPP), 467 

10. TATABhushanPower &SteelLtd. 370 

 

 
SiteSelectionforthermalpowerplants: 

Thefollowingpointsshouldbetakenintoconsiderationwhileselectingthesiteforasteampowerstation. 
 

 Availabilityofrawmaterial 

 Natureofland 

 Costof land 

 Availabilityofwater 

 Transportfacilities 

 Ashdisposalfacilities 

 Availabilityoflabour 

 Sizeoftheplant 

 Loadcentre 

 Publicproblem 

 Futureextension 



 
 
 

Classify nuclear fuel (Fissile & fertile material) 

Nuclear Reactions 
Basics 

 Atoms consist of nucleus and electrons. 
 The nucleus is composed of protons and neutrons. 

 Protons are positively charged whereas neutrons are electrically neutral. 

 Atoms with nuclei having same number of protons but difference in their masses are called 

 isotopes. They are identical in terms of their chemical properties but differ with respect to 

 nuclear properties. 

 Natural Uranium consists of 92U238 (99.282%), 92U235 (0.712%) and 92U234 

 92U235 is used as fuel in nuclear power plants. 
Energy from Nuclear Reactions 

 The sum of masses of protons and neutrons exceeds the mass of the atomic nucleus and this 

 Difference is called mass defect Δm. 

 In a nuclear reaction the mass defect is converted into energy known as binding energy 

 According to Einstein’s equation (E=Δm c2). 

 Fashioning one amu of mass results in release of 931 MeV of energy. 

 It has been found that element having higher and lower mass numbers are unstable. Thus the 

 lower mass numbers can be fused or the higher mass numbers can be fissioned to produce 
More stable elements. 

 This results in two types of nuclear reactions known as fusion and fission. 

 The total energy per fission reaction of U235 is about 200 MeV. 

 Fuel burn-up rate is the amount of energy in MW/days produced by each metric ton of fuel. 
 

Fertile material is a material that, although not itself fissionable by thermal neutrons, can be converted into 

a fissile material by neutron absorption and subsequent nuclei conversions. 

Naturally occurring fertile materials  

Naturally occurring fertile materials that can be converted into a fissile material by 

irradiation in a reactor include: 
 

 thorium-232 which converts into uranium-233 

 uranium-234 which converts into uranium-235 

 uranium-238 which converts into plutonium-239 

Artificial isotopes formed in the reactor which can be converted into fissile material by one 

neutron capture include: 
 

 plutonium-238 which converts into plutonium-239 

 plutonium-240 which converts into plutonium-241 



In nuclear engineering, fissile material is material capable of   sustaining   a nuclear 

fission chain reaction. By definition,   fissile   material can   sustain a   chain reaction 

with neutrons of thermal energy. The predominant neutron energy may be typified by 

either slow neutrons (i.e., a thermal system) or fast neutrons. Fissile material can be used to 

fuel thermal-neutron reactors, fast-neutron reactors and nuclear explosives. 

 
Fissile nuclides in nuclear fuels include: 
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 Uranium-235 which occurs in natural uranium and enriched uranium 

 Plutonium-239 bred from uranium-238 by neutron capture 

 Plutonium-240 bred from plutonium-239 by neutron capture. 

 Plutonium-241 bred from plutonium-240 by neutron capture. 

 Uranium-233 bred from thorium-232 by neutron capture 

 

Nuclear fusion 
 

Nuclear Fusion reactions power the Sun and other stars. In   a fusion   reaction,   two 

light nuclei merge to form a single heavier nucleus. The process releases energy because the 

total mass of the resulting single nucleus is less than the mass of the two original nuclei. The 

leftover mass becomes energy. Einstein’s equation (E=mc2), which says in part that mass and 

energy can be converted into each other, explains why this process occurs. 

 

 

  Nuclear fission  
 

Fission occurs when a neutron slams 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. 
 

When each atom splits, a tremendous amount of energy is released. 
 

Uranium and plutonium are most commonly used for fission reactions in nuclear power reactors 

because they are easy to initiate and control. 
 

The energy released by fission in these reactors heats water into steam. The steam is used to 

spin a turbine to produce carbon-free electricity. 
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WORKING OF NUCLEAR POWER PLANTS WITH BLOCK DIAGRAM 

Nuclear power plants heat water to produce steam. The steam is used to spin large turbines that 
generate electricity. Nuclear power plants use heat produced during nuclear fission to heat water. 

 

In nuclear fission, atoms are split apart to form smaller atoms, releasing energy. Fission takes 
place inside the reactor of a nuclear power plant. At the center of the reactor is the core, which 
contains uranium fuel. 

 

The uranium fuel is formed into ceramic pellets. Each ceramic pellet produces about the same 
amount of energy as 150 gallons of oil. These energy-rich pellets are stacked end-to-end in 12- 
foot metal fuel rods. A bundle of fuel rods, some with hundreds of rods, is called a fuel assembly. 
A reactor core contains many fuel assemblies. 

 

The heat produced during nuclear fission in the reactor core is used to boil water into steam, 
which turns the blades of a steam turbine. As the turbine blades turn, they drive generators that 
make electricity. Nuclear plants cool the steam back into water in a separate structure at the 
power plant called a cooling tower, or they use water from ponds, rivers, or the ocean. The cooled 
water is then reused to produce steam. 

 

 

COMPONENTS OF NUCLEAR POWER PLANT: 
 

 

 
Pressurizer - 

A component of the primary cooling circuit where the liquid and vapor stages are balanced 

in conditions of saturation, so as to control the pressure. 

Reactor Vessel - 

Steel vessel that houses the nuclear reactor, the main component of the nuclear power plant 

where the fission chain reactor is produced. Its nucleus is composed of the fuel elements. 

Fuel - 



The material where the fission reactions take place. The most common material used is 

enriched uranium oxide. It is used simultaneously as a source of energy and neutrons in 

order to maintain the chain reaction. It is presented in solid state, in the form of cylindrical 

pellets encapsulated into metallic rods around 4 meters tall. 

Control Rod - 

These are the reactor's control elements, acting as neutron absorbents. They are made up of 

indium-cadmium or boron carbide, which make it possible to control at all times the neutron 

population and the reactor reactivity, making it critical during its operation and subcritical 

during the stops. 

Vapour generators- 

Heat commuters where the cooling water from the primary cycle, which circulates around 

the inside of the inverted U-shaped tubes, yields its energy to the secondary circuit water 

and turns it into water vapor. 

Containment building - 

A building that houses the reactor's cooling system as well as several auxiliary systems. It 

functions as shielding in normal operation and prevents the leakage of polluting products to 

the exterior. Along with other safeguarding systems, it has the functional responsibility to 

avoid the release of fission products into the atmosphere in case of accident. 

Turbine - 

A device that receives the water vapor from the vapor generators, whose energy is 

transformed via the paddles into mechanical rotation power. There are various sections for 

the expansion of the vapor. Its axis is solidly attached to the alternator axis. 

Alternator - 

A device that produces electricity by converting mechanical rotation energy from the turbine 

into medium-power and high-intensity energy. 

Transformer - 

A device that raises the tension of the electricity produced in the alternator, in order to 

minimize losses during its transport to the consumption points. 

Cooling water - 

Water taken from a river, reservoir or the sea and used to liquify the water vapor in the 

condensate. It can be directly returned to its origin (open cycle) or be reused via the cooling 

tower (closed cycle). 

Cooling Tower - 

A device that makes it possible to yield to the atmosphere, which acts as a cold focus, part 

of the residual heat produced during the electricity generation. It is used to cool the water 

that circulates inside the condensate and is part of the plant's auxiliary cooling circuit. 

Condensator - 

Heat commuter composed by a set of tubes where cooling water circulates. The water vapor 

going inside the condensator from the turbine is liquified. This conversion produces a 

vaccuum that improves the turbine's performance. 
 

Main Components of a Nuclear Reactor: 
⦁ The Core: It contains all the fuel and generates the heat required for energy production. 

⦁ The Coolant: It passes through the core, absorbing the heat and transferring into turbines 

⦁ The Turbine: Transfers energy into the mechanical form ⦁ The Cooling Tower: It eliminates the excess heat that is 
not converted or transferred 

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

 

Components of a nuclear reactor 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fuel. Uranium is the basic fuel. 

 Moderator. Material in the core which slows down the neutrons released from fission so that they cause 
more fission. 

 Control rods. 

 Coolant. 

 Pressure vessel or pressure tubes. 

 Steam generator. 

 Containment. 

 Nuclear power plants in commercial operation or operable. Fuel Uranium is the basic fuel. Usually pellets 

of uranium oxide (UO2) are arranged in tubes to form fuel rods. The rods are arranged into fuel assemblies 

in the reactor core.* In a 1000 MWe class PWR there might be 51,000 fuel rods with over 18 million 

pellets. 

 
Nuclear Fuels 

 

Naturally occurring uranium is composed almost totally of two uranium isotopes. It contains more 

than 99% uranium-238 and less than 1% uranium-235. It is uranium-235. However, that is fissionable (will 

undergo fission). For uranium to be used as fuel in a fission reactor, the percentage of uranium-235 must be 

increased, usually to about 3%. (Uranium in which the U-235 content is more than 1% is called enriched 

uranium.The enriched UF6 gas is collected, cooled until it solidifies, and then taken to a fabrication facility 

where it is made into fuel assemblies. Each fuel assembly consists of fuel rods that contain many thimble- 

sized, ceramic-encased, enriched uranium (usually UO2) fuel pellets. Modern nuclear reactors may contain 

as many as 10 million fuel pellets. The amount of energy in each of these pellets is equal to that in almost a 

ton of coal or 150 gallons of oil. Once the supply of U-235 is acquired, it is placed in a series of long 

cylindrical tubes called fuel rods. These fuel cylinders are bundled together with control rods made of 

neutron-absorbing material. The amount of U-235 in all the fuel rods taken together is adequate to carry on 

a chain reaction but is less than the critical mass. 



 

Nuclear Moderators 
 

Neutrons produced by nuclear reactions move too fast to cause fission (Figure 7.4.47.4.4). For efficient 

collisions to occur, a moderator must be used to slow the speeds of the neutrons. Moderators can be 

composed of many different types of chemical substances. The first experimental nuclear reactors used 

high-purity graphite (or carbon) as a moderator. Today, many countries use light water (LW) as moderators. 

Otherwise known as H2O, this substance needs to in large supply. Most LW reactors are built near lakes or 

other freshwater sources. Depending on the type of fuel, a country would select a corresponding moderator 

for determining wattage output. Other types of moderators that are used today include heavy water (HW 

which is D2O), carbon dioxide, beryllium, or graphite. 
 

 

Reactor Coolants 
 

A nuclear reactor coolant is used to carry the heat produced by the fission reaction to an external boiler and 

turbine, where it is transformed into electricity. Two overlapping coolant loops are often used; this 

counteracts the transfer of radioactivity from the reactor to the primary coolant loop. All nuclear power 

plants in the US use light water as a coolant. Other coolants include molten sodium, lead, a lead-bismuth 

mixture, or molten salts. 

 

Control Rods 
 

Nuclear reactors use control rods (Figure 7.4.57.4.5) to control the fission rate of the nuclear fuel by 

adjusting the number of slow neutrons present to keep the rate of the chain reaction at a safelevel. Control 

rods are made of boron, cadmium, hafnium, or other elements that are able to absorb neutrons. Boron-10, 

for example, absorbs neutrons by a reaction that produces lithium-7 and alpha particles: 

 

B510+n01⟶Li37+He24 

B510+n01⟶Li37+He24 

 

When control rod assemblies are inserted into the fuel element in the reactor core, they absorb a larger 

fraction of the slow neutrons, thereby slowing the rate of the fission reaction and decreasing the power 



produced. Conversely, if the control rods are removed, fewer neutrons are absorbed, and the fission rate and 

energy production increase. In an emergency, the chain reaction can be shut down by fully inserting all of 

the control rods into the nuclear core between the fuel rods. 

 

Shield and Containment System 

During its operation, a nuclear reactor produces neutrons and other types of radiation. Even when shut 

down, the decay products remain radioactive. In addition, an operating reactor is thermally very hot, and 

high pressures result from the circulation of water or another coolant through it. Thus, a reactor must 

withstand high temperatures and pressures and must protect operating personnel from the radiation. 

Reactors are equipped with a containment system (or shield) that consists of three parts: 

 

1. The reactor vessel, a steel shell that is 3–20-centimeters thick and, with the moderator, absorbs 
much of the radiation produced by the reactor 

2. The main shield of 1–3 meters of high-density concrete 

3. A personnel shield of lighter materials that protects operators from γ rays and X-rays 

 

In addition, reactors are often covered with a steel or concrete dome that is designed to contain any 

radioactive materials that might be released by a reactor accident. 



Compare the nuclear and thermal plants: 
 

 

 
 

 
Disposal of nuclear waste: 

 
 Radioactive wastes are stored so as to avoid any chance of radiation exposure to people, or any 

pollution. 

 The radioactivity of the wastes decays with time, providing a strong incentive to store high-level 

waste for about 50 years before disposal. 

 Disposal of low-level waste is straightforward and can be undertaken safely almost anywhere. 

 Storage of used fuel is normally under water for at least five years and then often in dry storage. 

 Deep geological disposal is widely agreed to be the best solution for final disposal of the most 

radioactive waste produced. 



Most low-level radioactive waste (LLW) is typically sent to land-based disposal immediately following its 

packaging for long-term management. This means that for the majority (~90% by volume) of all of the 

waste types produced by nuclear technologies, a satisfactory disposal means has been developed and is 

being implemented around the world. 

For used fuel designated as high-level radioactive waste (HLW), the first step is storage to allow decay of 

radioactivity and heat, making handling much safer. Storage of used fuel may be in ponds or dry casks, 

either at reactor sites or centrally. Beyond storage, many options have been investigated which seek to 

provide publicly acceptable, safe, and environmentally sound solutions to the final management of 

radioactive waste. The most widely favoured solution is deep geological disposal. The focus is on how and 

where to construct such facilities. 

Used fuel that is not intended for direct disposal may instead be reprocessed in order to recycle the uranium 

and plutonium it contains. Some separated liquid HLW arises during reprocessing; this is vitrified in glass 

and stored pending final disposal. 

Intermediate-level radioactive waste (ILW) that contains long-lived radioisotopes is also stored pending 

disposal in a geological repository. In the USA, defence-related transuranic (TRU) waste – which has 

similar levels of radioactivity to some ILW – is disposed of in the Waste Isolation Pilot Plant (WIPP) deep 

geological repository in New Mexico. A number of countries dispose of ILW containing short-lived 

radioisotopes in near-surface disposal facilities, as used for LLW disposal. 

 

SELECTION OF SITE FOR NUCLEAR POWER PLANT: 
 

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

 

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

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

a river, reservoir or sea. 

 

2. Distance from load centre. The plant should be located near the load centre. This will minimise the power 

losses in transmission lines. 

 

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

the radioactive hazard. 

 

4. Accessibility to site. The power plant should have rail and road transportation facilities. 

 

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

near the plant site for the disposal of wastes. 

 

Nuclear Power Plants in India – Operational 

Name Of Nuclear Power Station Location Operator Capacity 

Kakrapar Atomic Power Station – 1993 Gujarat NPCIL 440 

(Kalpakkam) Madras Atomic Power Station – 1984 Tamil Nadu NPCIL 440 

Narora Atomic Power Station- 1991 Uttar Pradesh NPCIL 440 

Kaiga Nuclear Power Plant -2000 Karnataka NPCIL 880 

Rajasthan Atomic Power Station – 1973 Rajasthan NPCIL 1,180 

Tarapur Atomic Power Station – 1969 Maharashtra NPCIL 1,400 



 
 

 

Introduction 
This is a fossil fuel plant since diesel is a fossil fuel. Diesel engine 

powerplants are installed where supply of coal and water is not available in 

sufficient quantity. 

(i) These plants produce the power in the range of 2 to 50 MW. 
(ii) They are used as standby sets for continuity of supply such as hospitals, 

telephone exchanges, radio stations, cinema theatres and industries. 

(iii) They are suitable for mobile power generation and widely used in 
railways and ships. 

(iv) They are reliable compared to other plants. 
(v) Diesel power plants are becoming more popular because of difficulties 

experienced in construction of new hydel plants and thermal plants 

Layout of Diesel Power plant 
The essential components of diesel power plant are 

• Diesel engine 

• Air filter and super charger 

• Engine starting system 
• Fuel system 

• Lubrication system 

• Cooling system 

• Governing system 
• Exhaust system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diesel power plant diagram 

Diesel engine: 
This is the main component of a diesel power plant. The engines are classified as two stroke engine and 

four stroke engines. Engines are generally directly coupled to the generator for developing power. In diesel 

engines, air admitted into the cylinder is compressed. At the end of compression stroke, fuel is injected. The 
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fuel is burned and the burning gases expand and do work on the piston. The shaft of the engine is directly 

coupled to the generator. After the combustion, the burned gases are exhausted to the atmosphere. 

Air filter and supercharger 
The air filter is used to remove the dust from the air which is taken by the engine. Air filters may be of dry 

type, which is made up of felt, wool or cloth. In oil bath type of filters, the air is swept over a bath of oil so 

that dust particles get coated. The function of the supercharger is to increase the pressure of the air supplied 

to the engine and thereby the power of the engine is increased. 

 

Engine starting system 
Diesel engine used in diesel power plants is not self starting. Engine starting system includes air 

compressor and starting air tank. This is used to start the engine in cold conditions by supplying the air. 

 

Fuel system 
It includes the storage tank, fuel pump, fuel transfer pump, strainers and heaters. Pump draws diesel from 

the storage tank and supplies it to the small day tank through the filter. Day tank supplies the daily fuel 

need for the engine. The day tank is usually placed high so that diesel flows to engine under gravity. 

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

The fuel injection system performs the following functions. 

• Filter the fuel 

• Meter the correct quantity of the fuel to be injected 

• Time the injection process 

• Regulate the fuel supply 

• Secure fine atomization of fuel oil 

• Distribute the atomized fuel properly in the combustion; chamber. 

 
The fuel is supplied to the engine according to the load on the plant. 

 

Lubrication system 
It includes oil pumps, oil tanks, coolers and pipes. It is used to reduce the friction of moving parts and 

reduce wear and tear of the engine parts such as cylinder walls and piston. Lubrication oil which gets heated 

due to the friction of the moving parts is cooled before re-circulation. 

 
In the lubrication system the oil is pumped from the lubricating oil tank through the oil cooler where the oil 

is cooled by the cold water entering the engine. The hot oil after cooling the moving parts return to the 

lubricating oil tank. 

 

Cooling system 
The temperature of the burning fuel inside the engine cylinder is in the order of 1500 0 C to 2000 0 C. In 

order to lower this temperature, water is circulated around the engine. The water envelopes (water jacket) 

the engine, the heat from the cylinder, piston, combustion chamber etc, is carried by the circulating water. 

The hot water leaving the jacket is passed through the heat exchanger. The heat from the heat exchanger is 

carried away by the raw water circulated through the heat exchanger and is cooled in the cooling tower. 

 

Governing system 
It is used to regulate the speed of the engine. This is done by varying the fuel supply according to the 

engine load. 

 

Exhaust system 
The exhaust gases coming out of the engine is very noisy. In order to reduce the noise a silencer (muffler) is 
used. 



Working of Diesel Power Plant 
The air and fuel mixture act as a working medium in diesel engine power plant. The atmosphere air enters 

inside the combustion chamber during the suction stroke and the fuel is injected through the injection 

pump. The air and fuel is mixed inside the engine and the charge is ignited due to high compression inside 

the engine cylinder. The basic principle in diesel engine is that, the thermal energy is converted into 

mechanical energy and this mechanical energy is converted into electrical energy to produce the power by 

using generator or alternator. 

 

Applications of Diesel Engines in Power Field 

The diesel electric power plants are ch briefly used in the following field. 

(a) Peak load plant: 

 
Diesel plants can be used in combination with thermal or hydro-plants as peak load units. They can be 

easily started or stopped at a short notice to meet the peak demand. 

(b) Mobile plant: 

 
Diesel plants mounted on trailers can be used for temporary or emergency purposes such as for supplying 

power to large civil engineering works. 

(c) Standby unit: 

 
If the main unit fails or cannot cope up with the demand, a diesel plant can supply the necessary power. For 

example, if water available in a hydro-plant is not adequately available due to less rainfall, the diesel station 

can operate in parallel to generate the short fall in power. 

(d) Emergency plant: 

 
During power interruption in a vital unit like a key industrial plant or a hospital, a diesel electric plant can 
be used to generate the needed power. 

(e) Nursery station: 

 
In the absence of main grid, a diesel plant can be installed to supply power in a small town. In course of 

time, when electricity from the main grid becomes available in the town, the diesel unit can be shifted to 

some other area which needs power on a small scale. Such a diesel plant is called a “nursery station”. 

(f) Starting stations: 

 
Diesel units can be used to run the auxiliaries (like FD and ID fans, BFP, etc.) for starting a large steam 

power plant. 

 
(g) Central stations : 

Diesel electric plants can be used as central station where the capacity required is small 

 

Advantages and disadvantages of diesel power plant 

Following are the advantages of diesel power plant 

 
1. It is easy to design and install these electric stations. 

2. They are easily available in standard capacities. 
3. They can respond to lo ad change s without much difficulty. 

4. There are less standby losses. 

5. They occupy less space. 

6. They can be started and stopped quickly. 

7. They require less cooling water. 

8. Capital cost is less. 

9. Less operating and supervising g staff f required. 

10. High efficiency of energy conversion from fuel to electricity. 



11. Efficiency at part loads is also higher. 

12. Less of civil engineering work is required. 

13. They can be located near the load centre. 

14. There is no ash handling problem. 

15. Easier lubrication system. 

 

Disadvantages in installing diesel units for power generation 
1. High operating cost. 

2. High maintenance and lubrication cost. 

3. Capacity is restricted. Cannot be of very big size. 

4. Noise problem. 

5. Cannot supply overload. 

6. Unhygienic emissions. 

7. The life of the diesel power plant is less (7 to 10 years) as compared to that of a steam power plant which 

has a life span of 25 to 45 years. The efficiency of the diesel plant decreases to less than 10% after its life 

period. 

Site selection of diesel power plant 
The following Factors should be considered while selecting the site for a diesel power plant: 

• Foundation sub-soil condition: the condition of sub-soil should be such that a foundation at a reasonable 
depth should be capable of providing a strong support to the engine. 

• Access to the site: the site should be so selected that it is accessible through rail and road. 

• Distance from that load centre:The location of the plant should be near the load centre. This reduces the 

cost of transmission lines and maintenance cost. The power loss is minimized. 

• Availability of water: Sufficient quantity of water should be available at the site selected. 
• Fuel transportation: The site selected should be near to the source of fuel supply so that transportation charges are 
low. 

 Bearing capacity: The diesel engine is placed on a foundation. If the bearing capacity of selected land 

is high then it does not require high depth for a foundation. And it will save the initial cost of a power 

plant.

 Transportation facility: The plant requires heavy pieces of machinery. Hence, the selected site must 
have an adequate transportation facility.

 Labor: Large capacity diesel power plant requires several labors.

 Availability of water: The diesel power plant requires water for cooling purposes.

 Future expansion: There is some extra land available for future expansion.

 Availability of fuel: This plant requires a high volume of fuel (diesel). So, a site should be selected 

where fuel is available easily.

 Distance from the populated area: The operation of a diesel engine pollutes nearby areas. Hence, the 

plant must be located at a far distance from the human being.

 Distance from load center: To avoid transmission loss, the site should be selected near the load center.
 

Performance of Diesel Engine: 
Performance parameters 
The Diesel Engine 

The prime mover for diesel power plants is the diesel engine running on IDO or HFO 

Kipevu 1 engines are started on Industrial diesel oil (IDO) but change over to heavy 

fuel oil (HFO) before full load and vice versa. 

Engine Performance Criteria 

 

Performance of an engine is determined by a number of indicators or criteria, namely 

indicated power, fuel power, brake power, brake thermal efficiency and indicated 

thermal efficiency, specific fuel consumption among others. 

 

Brake Power 

BP= 2πNT/60 



p4.2.8Brake thermal efficiency (ηB ) 

Where: T is the torque in Newton-meter (N-m) 

N is the angular velocity in revolutions per minute (rpm) 

 

Indicated Power 

This is the power developed by combustion of fuel in the engine cylinder. It is given 

by; IP= PVNK/60 

Where: P is the mean pressure 

V is the displacement volume of the piston 

K is the number of cylinder 

 

Friction Power 

This refers to the difference between indicated power and brake power. It represents all 

the losses of the engine mainly due to friction, leakages and incomplete combustion. 

FP=IP-BP 

 

Mechanical Efficiency 

It is given as the ratio of brake power to indicated power as a 

percentage. ηM
= Bp/Ip *100% 

Indicated Thermal Efficiency 

This isthe rate of indicated power to thermal 
input. 

η
i
= Ip/fuel power 

Fuel power= m
f*

CVwhere mf is mass flow rate and Cv is lower calorific value 

Brake Thermal Efficiency 

This isthe ratio of brake output to thermal 

input. ηBp=Bp/m
f
* Cv 

Specific Fuel Consumption 

It is a measure of the fuel used to generate a kWh of power. It is given by the ratio of 

brake power to the product of mass flow rate and volume flow rate. 

Sfc= Bp/mf*Qnet 

 

Thermal Efficiency for Diesel Cycle 
A typical diesel automotive engine operates at around 30% to 35% of thermal efficiency. Low-speed 

diesel engines (as used in ships) can have a thermal efficiency that exceeds 50%. 

Thermal efficiency for Diesel cycle: 
 
 

where 

 
 ηDiesel is the maximum thermal efficiency of a Diesel cycle 
 α is the cut-off ratio V3/V2 (i.e., the ratio of volumes at the end and start of the combustion phase) 
 CR is the compression ratio 

 κ = cp/cv = 1.4 



Basically, a modern hydropower plant is comprised of a reservoir, a dam, penstocks, turbines, and 

generators. The reservoir stores the “fuel” and allow operators to control how much water is fed to the 

turbines. It also serves as a decanter: Most of the dirt and debris in the water settle at its bottom and away 

from the intake area. 
 

Water from the reservoir is delivered to the turbines through the intake (dam gates) and penstock. A 

filtering system at the intake further cleans up the water to ensure that it is relatively free of suspended 

solids, which could damage the turbine’s blades. Hydraulic systems – the governor, the brakes, the gate 

 
 

 

A power plant that utilizes the potential energy of water for the generation of electrical energy is known as 

a hydroelectric power plant. 

 
Hydroelectric power plants are generally located in hilly areas where dams can be built easily, and large 

water reservoirs can be made. In a hydropower plant, a water head is created by building a dam across a 

river or lake. From the dam, water is fed to a water turbine. 

 
Working Principle of Hydroelectric Power Plant 

 
 

 

LAYOUT OF HYDRO ELECTRIC POWER PLANT 

 

The water turbine changes the kinetic energy of the falling water into mechanical energy at the turbine 

shaft. In simple words, falling water spins the water turbine. The turbine drives the alternator coupled with 

it and converts mechanical energy into electrical energy. This is the basic “working principle of 

hydroelectric power plant.” 

Hydroelectric power plants are very popular because the stores of fuels (i.e., oil and coal) are exhausting 

day by day. They are also beneficial for irrigation and flood control purposes. 
 
 

CHAPTER-5 HYDEL POWER STATIONS 
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Elements of Hydroelectric Power Plant 

 

The main elements of a hydroelectric power plant are as follows: 

 

Catchment area:The total area behind the dam in which water is collected and streamflow is obtained is 

known as the catchment area. 

 

Reservoir:It is an integral part of the power plant, where water is stored and supplied to a water turbine 

continuously. 

 

Dam: A dam is a barrier that stores water and creates a water head. 

Slip-way: Due to heavy rainfall in the catchment area, the water level may exceed the storage capacity of 

the reservoir. It may affect the stability of the reservoir. 

A structure is formed around the reservoir to remove this excess water. This structure is known as slip- 
way. Slip-way provides stability to the reservoir and reduces the level of water in the time of the flood. 

 
Surge Tank: It is a small tank (open at the top). It is provided to reduce the pressure surges in the conduit. 

It is located near the beginning of the conduit. 

Penstocks: Penstocks are open or closed conduits that carry water to the turbines. They are generally made 

of RCC or steel. The RCC penstocks are suitable for low water heads (< 30 m). The steel penstocks are 

ideal for any head, as they can be designed according to water head or working pressure. 

Water turbines: It works as an energy conversion device. It is a machine through which the potential 

energy of water is converted into the mechanical energy of shaft. The main types of water turbines are: 

(i) Impulse turbines (ii) Reaction turbines 

 
Impulse turbines: Such turbines are used for high water heads. It consists of a wheel fitted with elliptical 

buckets along its periphery. The whole pressure of water is converted into kinetic energy in a nozzle, and 

the velocity of the jet spins the wheel — for example, the Pelton wheel turbine. 

Reaction turbines: The important types of reaction turbines are: 

(a) Francis turbines (b) Kaplan turbines 

 
A Francis turbine is used for low to medium heads. A Kaplan turbine is used for low heads and large 

quantities of water. 

 
Water Turbine Generators: 

They are low RPM (75 to 300) synchronous generators with main exciters usually mounted at the top on the 

shaft end. The machines are generally air-cooled with closed-circuit cooling. 

Power House Auxiliaries: The hydroelectric power plant requires the same basic auxiliaries as any other 

power plant such as the governor system, exciters, cranes, control panels, etc. Power supply for the 

auxiliaries, cranes, and lighting is usually arranged from a small independent hydraulic turbine and 

generator. 

Hydroelectric Power Plant Advantages 

controls, and so on – work together to open and close the apertures that allow water to flow downstream 

from the reservoir. 
 

The water wheel of the past has evolved into the modern turbine. Differing mainly in their blade shape and 

configuration, the three main types are the Francis turbine, the Kaplan turbine, and the Pelton turbine – 

named after their inventors. Regardless of design, the turbine converts the kinetic energy of moving or 

falling water into mechanical energy. The turbine is connected through the shaft to the rotor of 

a generator that converts the mechanical energy into electricity. For the greatest efficiency, turbines are 

custom-made for each hydroelectric plant. 

https://www.yourelectricalguide.com/2017/11/parts-of-synchronous-generator-construction.html


 More reliable power plant. 

 Low operating cost. 

 Low starting time. 

 High production rate capacity. 

 The fuel cost is zero. 

 Pollution-free. 

 Renewable source of energy. 

 Life of the power plant is more. 

 They are also used for flood control and irrigation. 

Hydroelectric Power Plant Disadvantages 
 

 

 Capital cost is high. 

 Output depends upon the availability of water. 

 Commonly found in hill-areas. 

 Apparatus needs corrosion protection. 

 

 

The hydroelectric power plants may be classified according to:- A. Classification According to the Extent 

of Water Flow Regulation Available B. Classification According to Availability of Water Head 

 

 
 

Applications of Hydroelectric Power Plant: 

 

The applications of Hydroelectric Power Plant are as follows. 

 

 The water which stays in a reservoir can be used for agriculture purposes. 

 Thermal Power stations can be built near the reservoirs. 

 It is used for the generation of electric power. 

 It will control the floods in the rivers. 

 The micro hydropower plant is used to provide power to isolated rooms. 

 

 
A. Classification According to the Extent of Water Flow Regulation Available: 

According to the extent of water flow regulation available the hydroelectric power plants may be 

classified into: 

(1) Run-off river power plants without pondage. 

 
(2) Run-off river power plants with pondage. 

 
(3) Reservoir power plants. 

 
1. Run-Off Power Plants without Pondage: 

Some hydro power plants are so located that the water is taken from the river directly, and no pondage or 

storage is possible. Such plants are called the run-off river power plants without pondage. Such plants can 

use water only as and when available; these cannot be used at any time at will or fit any desired portion of 

the load curve. In such plants there is no control on flow of water. 

 

During high flow and low load periods, water is wasted and during the lean flow periods the plant capacity 

is very low. As such these plants have a very little firm capacity. At such places, the water is mainly used 



for irrigation or navigation and power generation is only incidental. Such plants can be built at a 

considerably low cost but the head available and the amount of power generated are usually very low. 

 
During floods, the tail water level may become excessive rendering the plant inoperative. The main objec- 

tive of such plants is to use whatever flow is available for generation of energy and thus save coal that 

otherwise be necessary for the steam plants. During the high flow periods such plants can be employed to 

supply a substantial portion of base load. 

 

2. Run-Off River Power Plants with Pondage: 

The usefulness of run-off river power plants is increased by pondage. Pondage refers to storage at the plant 

which makes it possible to cope, hour to hour, with fluctuations of load throughout a week or some longer 

period depending on the size of pondage. With enough pondage, the firm capacity of the power plant is 

increased. 

 
Such type of power plants can be used on parts of the load curve as required, within certain limitations and 

is more useful than a plant without pondage. Such power plants are comparatively more reliable and its 

generating capacity is less dependent on available rate of flow of water. Such power plants can serve as 

base load or peak load power plants depending on the flow of stream. 

 

During high flow periods these plants may be used as base load and during lean flow periods these plants 

may be used to supply peak loads only. When providing pondage, tailrace condition should be such that 

floods do not raise the tailrace water level, thus reducing the head on the plant and impairing its effective- 

ness. Such plants offer maximum conservation of coal when operated in conjunction with steam power 

plants. 

 
3. Reservoir Power Plants: 

When water is stored in a big reservoir behind a dam, it is possible to control the flow of water and use it 

most effectively. Storage increases the firm capacity of the plant and it can be used efficiently throughout 

the year. Such a plant can be used as a base load or as a peak load plant as per requirement. It can also be 

used on any portion of the load curve in a grid system. Most of the hydroelectric power plants everywhere 

in the world are of this type. 

 

B. Classification According to Availability of Water Head: 

According to availability of water head the hydroelectric power plants may be classified into: 

(a) Low Head 

 
(b) Medium Head and 

 
(c) High Head Power Plants. 

 

Though there is no definite line of demarcation for low, medium and high heads but the head below 30 

metres is considered low head, the head above 30 metres and below 300 metres is considered as medium 

head and above 300 metres is considered as high head. 

(b) Medium Head Hydroelectric Power Plants: 



In these power plants, the river water is usually tapped off to a forebay on one bank of the river as in case of 

a low head plant. From the forebay the water is led to the turbines through penstocks. The forebay provided 

at the beginning of penstock serves as a water reservoir for such power plants. 

 
In these plants, water is usually carried in open channel from main reservoir to the forebay and then to the 

turbines through the penstock. The forebay itself serves as the surge tank in this case. In these plants 

horizontal shaft Francis, propeller or Kaplan turbines are used. 

 
(c) High Head Hydroelectric Power Plants: 

If high head is available, a site may be chosen, where a stream descending a steep lateral valley can be 

dammed and a reservoir for storage of water is formed. A pressure tunnel is constructed between reservoirs 

to valve house at the start of penstock to carry water from reservoir to valve house. 

 

Surge tank (a tank open from the top) is built just before the valve house so that the severity of water 

hammer effect on penstock can be reduced in case of sudden closing of fixed gates of the water turbine. 

Surge tank also serves as a ready reservoir from which the turbine can draw water temporarily when there is 

sudden increase in demand. 

 

The valve house consists of main sluice valves and automatic isolating valves, which operate on bursting of 

penstock and cut off further supply of water to penstock. Penstocks are pipes and carry the water from the 

valve house to the turbines. 

 

For heads above 500 m Pelton wheels are used while for lower heads Francis turbines are employed. The 

generators used are of high speed and small diameter. Penstocks are of large length and comparatively 

smaller cross section. 

 
C. Classification According to Type of Load Supplied: 

According to the load supplied hydroelectric power stations may be classified into: 

(a) Base Load, 

 
(b) Peak Load, and 

 
(c) Pumped Storage Plants for the Peak Load. 

 
(a) Base Load Plants: 

The plants, which can take up load on the base portion of the load curve of the power system, are called the 

base load power plants. Such plants are usually of large capacity. Since such plants are kept running 

practically on block load (i.e., the load that is practically constant), load factor of such plants is therefore 

high. Run-off river plants without pondage and reservoir plants are used as base load plants. 

 
Plants having large storage can best be used as base load plants and particularly in rainy seasons, when the 

water level of the reservoir will be raised by rain water. For a plant to be used as base load plant, the unit 

cost of energy generated by the plant should be low. 

 
(b) Peak Load Plants: 



Plants used to supply the peak load of the system corresponding to the load at the top portion of the load 

curve are called the peak load plants. Runoff river plants with pondage can be employed as peak load 

plants. If the pondage is enough, a large portion of the load can be supplied by such a plant if and when 

required. Reservoir plants can of course be used as peak load plants also. Peak load plants have large 

seasonal storage. They store water during off-peak periods and are operated during peak load periods. Load 

factor of such plants is low. 

 
Following factors must be consider while selecting the site of the hydro generating station. 

 

 
Site selection of Hydropower plant 

o The quantity of water available 

o Storage of water 

o Head of water 

o The distance of power station site from load centers 

o Accessibility of the site 

o Water pollution 

o Geological investigation 

o Environmental effect 

1) The quantity of water available 

On the basis of measurements of stream flow, the quantity of water is estimated. In this estimation, also 

consider the previous record of rainfall, the maximum and minimum quantity of water available throughout 

the year and losses due to evaporation and percolation. Therefore, the net volume of water available for 

power generation can be determined. 

 

2) Storage of water 

The storage capacity of water can be calculate from the mass curve. During the year, wide variation in 

rainfall occurs. Hence, It makes necessary to store water for continuous generation of power throughout the 

year. 

 

3) Head of water 

The water head depends on the topology of the area. The head of water has a considerable effect on the cost 

and economy of power generation. Low falls on the unregulated flow of water are uneconomical for power 

generation. So, it is necessary to choose a site with a high head of water. 



4) The distance of power station site from load centers 

If the load center is far from the power station, it will increase the cost of the transmission line. The losses 

occur in the transmission line increase the cost. Therefore, the site for hydropower plant choose near the 

load center. 

 

5) Accessibility of the site 

The site is easily accessible by rail and by road. So, it is easy for the transportation. 

 

 
6) Water pollution 

Polluted water may damage the blade of the turbine by corrosion. Hence, this led to the unreliable operation 

of the plant. Therefore, it is necessary that the quality of water is good. 

 

7) Geological investigation 

It is necessary to choose a place which can withstand the water thrust and other stress. The construction of 

the plant is strong and stable. This construction can withstand natural calamities like thunderstorm, 

earthquake, etc. 

 

8) Environmental effect 

The place chooses that is free from hazards and chemical effects. 

 

 
So, these are the factors which must be consider while selecting the site of hydropower plant. 

Types of Water Turbine 
In a hydroelectric power plant, a device which is used to convert the energy of falling water into mechanical energy is 

known as water turbine. There are two types of water turbines used in a hydroelectric power plant 

viz. – 

 Impulse Turbine

 Reaction Turbine

Impulse Turbine 

In an impulse turbine, the entire pressure of water is converted into kinetic energy in a nozzle and the 

velocity of the water jet drives the turbine wheel. Impulse turbines are used for high heads. The pelton 

wheel is an example of the impulse turbine. It consists of a wheel fitted with elliptical buckets along its 

periphery. The force of water jet striking the buckets on the wheel drives the turbine. The quantity of water 

jet falling on the turbine is controlled by a needle placed in the tip of the nozzle and the movement of the 

needle is controlled by the governor. 



 
 

When the load on the turbine decreases, the governor pushes the needle into the nozzle and hence 

decreasing the quantity of water striking the buckets. On the other hand, when the load is increased, the 

governor pulled out the needle from the nozzle, thereby increasing the quantity of water striking the 

buckets. 
 

Reaction Turbine 

In a reaction turbine, water enters the runner partly with velocity head and partly with pressure energy. 

Reaction water turbines are mainly used for medium and low heads. 
 

Reaction turbines are also classified into two types viz. − 

 
 

 Francis Turbine 

 
 Kaplan Turbine 

Francis Turbine 

The Francis turbine is used for low to medium water heads. The Francis turbine consists of an outer ring of 
stationary guide blades which are fixed to the turbine casing and an inner ring of moving blades forming 

the runner. The guide blades are used to control the flow of water to the turbine. 

 

 
In the Francis turbine, the water flows radially inwards and changes to a downward direction while passing 

through the runner. When water passes over the rotating blades of the runner, both the velocity and 

pressure of water are reduced. Consequently, a reaction force is produced which drives the turbine. 
 

Kaplan Turbine 

A Kaplan turbine is used for low heads and large quantity of water. The runner of the Kaplan turbine 

receives water axially instead of radially. 



 

 

 

 

 

 

 

 

 

 

 

 

In a Kaplan turbine, water flows radially inwards through the regulating gates all around the sides and 

then, changing the direction in the runner to axial flow. Consequently, a reaction force is produced which 

drives the turbine. 
 

List of hydel power plants in state  
 

 

 

 

 
Power Stations Installed Capacity (MW) 

 
 

Rengali 

 
 

5 x 50 MW 

 

Upper Kolab 

 

4 x 80 MW 

 

Upper Indravati 

 

4 x 150 MW 

 

Machkund 

 

60 MW 



 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

In all power generating stations except solar power generating station employee alternator to generate 

electrical energy. An alternator is a rotating machine which can produce electricity only when it rotates. 

Hence there must be a prime mover which helps to turn the alternator. The primary arrangement of all 

power plants is to rotate the prime mover so that alternator can generate required electricity. In gas 

turbinepower plant we use high pressure and temperature air instead of high pressure and temperature steam 

to rotate the turbine. 
 

The fundamental working principle of a gas turbine power plant is same as that of a steam turbinepower 

plant. The only difference is there that in steam turbine power plant we use compressed steam to rotate the 

turbine, but in gas turbine power plant we use compressed air to turn the turbine. 

In the gas turbine power plant air is compressed in a compressor. This compressed air then passes through a 

combustion chamber where the temperature of the compressed air rises. That high temperature and high- 

pressure air is passed through a gas turbine. In turbine the compressed air is suddenly expanded; hence it 

gains kinetic energy, and because of this kinetic energy the air can do mechanical work for rotating the 

turbine. 

In a gas turbine power plant, the shaft of turbine, alternator and air compressor are common. The 

mechanical energy created in the turbine is partly utilised to compress the air. Gas turbine power plants are 

mainly used as standby auxiliary power supplier in a hydroelectric power plant. It generates auxiliary power 

during starting of a hydroelectric power plant. 

Advantages of Gas Turbine Power Plant 

 
 Construction wise a gas turbine power plant is much simpler than a steam turbine power plant. 

 The size of a gas turbine power plant is smaller than that of a steam turbine power plant. 

 A gas turbine power plant does not have any boiler like component, and hence, the accessories 
associated with the boiler are absent here. 

 It does not deal with steam hence it does not require any condenser hence no cooling tower like 
structure is needed here. 

 As design and construction wise gas turbine power plants are much more straightforward and 

smaller, the capital cost and running cost are quite less than that of an equivalent steam turbine 

power plant. 

 The constant loss is quite smaller in gas turbine power plant compared to a steam turbine power 

plant because in the steam turbine power plant boiler has to run continuously even when the system 

does not supply load to the grid. 

 A gas turbine power plant can more instantly be started than an equivalent steam turbine power 

plant. 

Disadvantages of Gas Turbine Power Plant 

CHAPTER-6 GAS TURBINE POWER STATIONS 
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 The mechanical energy created in the turbine is also utilized to run the air compressor. Since a 

major portion of mechanical energy created in the turbine is utilized to run the air compressor the 

overall efficiency of gas turbine power plant is not as high as an equivalent steam turbine power 

plant. 

 Not only have that, the exhaust gases in gas turbine power plant curries significant heat from the 

furnace. This also causes the efficiency of the system low further. 

 To start power plant pre-compressed is required. So before actual starting of the turbine air should 

be pre-compressed which requires an auxiliary power supply for starting a gas turbine power plant. 

Once the plant is started there is no more need of supplying external power but at starting point 

external power is essential. 

 The temperature of the furnace is quite high in a gas turbine power plant. This makes the system 

lifespan smaller than that of anequivalent steam turbine power plant. 

 Because of its lower efficiency, a gas turbine power plant cannot be utilized for commercial 

production of electricity instead it is normally used to supply auxiliary power to other conventional 

power plants such as hydroelectric power plant. 

Site selection for Gas Turbine power plant 

 Availability of fuels: The fuels should be easily available at reasonably cheaper rates. 
 Transportation: Transportation facility be available. 

 Distance from the load center: To minimize losses and transmission line cost, the station shall be 

located near load center. 

 Availability of good quality land: Land must be capable of withstanding station load vibrations 

transmitted to foundations. It should be cheaper in cost to have low capital cost. 

 Pollution: The station is polluted by gas outlets, noise, so the station should be away from 
populated area. 

 

Gas turbine Fuels 
 
 

Various fuels used by gas turbine power plants are liquid fuels and gaseous fuels such as natural gas, blast 

furnace gas, producer gas coal gas and solid fuels such as pulverized coal. Care should be taken that the oil 

fuel should not contain moisture and suspended impurities. 

 

The different types of oils used may distillated oils and residual oils. The various paraffins used in gas 

turbine are methane, ethane, propane, octane (gasoline) and dodecane (kerosene oil). Out of these gasoline 

and kerosene or blend of the two are commonly used. 

 

Classification of Gas Turbine: 
A gas turbine can be operated on either closed cycle or open cycle principle. 

i. Closed Cycle Gas Turbine: 
 

In case of a closed cycle gas turbine, a fixed mass of working substance is allowed to flow inside the cycle. 

The working substance, i.e., air or gases, is confined inside the plant and it never leaves the plant. 
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Hence, the gas turbine is said to be a closed cycle. Figure below shows the system diagram of a simple 

closed cycle gas turbine plant. It consists of a compressor, heater, gas turbine, and a cooler. The compressor 

shaft and turbine shaft are coupled for the transfer of power. The working substance is compressed by the 

compressor. 

The high-pressure and high-temperature gas coming out from the compressor is heated by an externalsource 

of heat which further increases the temperature of the gas. The gas is then supplied to the gas turbine where 

the expansion of gas takes place up to a lower pressure. The flow of gas takes place through the blade 

passage where kinetic energy is absorbed. 

Thus, the rotation of the shaft is obtained and power is developed at the turbine shaft. The low-pressure gas 

is then exhausted from turbine and enters into the cooler where cooling of the gas is done by circulating 

coolant. The cooled gas at low temperature and pressure again enters into the compressor and the process is 

repeated over and over again. 

Advantages of Closed Gas Turbine Power Plant 
Following are the advantages of a closed gas turbine: 

 
1. No contamination. 

2. Higher thermal efficiency. 

3. Improved load part efficiency. 

4. No loss of working medium. 

5. Expensive fuel 

6. Reduced size. 

7. Improved heat transmission. 

8. Less fluid friction. 

9. Greater output. 

 

 

Disadvantages of Closed Gas Turbine Power Plant: 

 

Following are the disadvantages of closed gas turbine: 

 

1. Complicated in design. 

2. The high initial cost of the plant. 

3. It requires a high quantity of cooling water. 

4. Poor response to the load variations. 

5. It requires a very big heat exchanger. 

 

ii. Open Cycle Gas Turbine: 
 



A simple open cycle gas turbine plant consists of an air compressor, combustion chamber, and a gas 

turbine. 

 
Initially, the plant is started with the help of an auxiliary engine or electric motor. Atmospheric air is drawn 

in the compressor and compressed to a high pressure, and relatively high temperature, and is then supplied 

to a combustion chamber or combustor in which liquid or gaseous fuel is injected into the compressed air 

stream and the fuel is ignited. 

 

The resulting high-pressure and high-temperature product of combustion is then passed to the turbine and is 

expanded to a lower pressure and finally discharged to the atmosphere through exhaust pipe. 

 
The shaft starts rotating by the flow of gas. The turbine shaft is directly coupled with compressor and 

excess power is produced by the turbine which is used for the purpose of operating auxiliaries. Again fresh 

air is sucked into the compressor and thus the cycle is repeated. In almost all the fields, open cycle gas 

turbine plants are used. 

Advantages of Open Cycle Gas Turbine Power Plant- 

1. Once the turbine started, it will accelerate from cold start to full load without warm-up time. 
2. Low weight and size. 

3. It occupies relatively less space. 

4. Almost any hydrocarbon fuel from high octane gasoline to heavy diesel oils can be used in the 

combustion chamber. 

5. It does not require cooling water except for those having an intercooler. 

6. Through auxiliary refinements, we can improve thermal efficiency and give the most economic 
overall cost for the plant load factors. 

Working of Gas Turbine Power Plant 
 

 

 

A schematic diagram of a gas turbine power plant is shown in the figure. It consists of a compressor, 
turbine, and combustion chamber. 

 
Atmospheric air is drawn into the compressor and compressed to high pressure. The compressed air is 

supplied to the combustion chamber where heat is added to the air by burning the fuel and raising its 

temperature. The hot gas coming out from the combustion chamber is then passed to the turbine where it 

expands doing mechanical work. 

 
Part of the power developed by the turbine is used to drive the compressor and other auxiliary equipment, 

and the remaining is used for power generation. The gas coming out of the turbine is exhausted into the 

atmosphere. This cycle is known as an open cycle power plant. 



If the gas coming out from the turbine is cooled to its original temperature in a cooler and then it is 

recirculated to the compressor for doing work, such a cycle is known as a closed-cycle power plant. 

 
Elements or Components of Gas Turbine Power Plant 

 

Following are the components of a gas turbine power plant: 

 
1. Compressor 

2. Combustion chamber 

1. Can-type Combustor with Swirl Flow Flame Stabilizer 

2. Can-type Combustion with Bluff-body Flame Stabilizer 

3. Vertex blading 

4. Turbine 

1. Compressor 

 

The compressor is used to compress the air to higher pressure. The type of compressors that are commonly 

used is centrifugal and axial flow types. The centrifugal compressor consists of an impeller and a diffuser. 

 
The impeller provides high kinetic energy to the air and the diffuser converts kinetic energy into pressure 

energy. A centrifugal compressor consists of an impeller with a series of curved radial vanes as shown in 

the figure. Air is sucked in near the hub, called the impeller eye, and is whirled round at high speed by the 

vanes on the impeller rotating at high rpm. The axial flow compressor contains a series of rotors and stators. 

The air flows along the axis of the rotor. The kinetic energy is given to the air as it passes through the rotor 

and part of it is converted into pressure 

2. Combustion Chamber 

 

In an open cycle, GT plant combustion may be arranged to take place in one or two large cylinder can-type 

combustion chambers (CC) with ducting to convey to the turbine. Combustion is begun by an electric spark 

and once the fuel starts burning the flame is need to stabilize. 

 

 

 
 

3. Gas Turbines 

 

Like steam turbines, gas turbines are also of the axial flow type as shown in the figure. The primary 

requirements of turbines are high efficiency, light weight, reliability in operation, and long working life. 

 
Large work output is obtained per stage with higher blade speeds when the blades are designed to maintain 

higher stresses. More stages are always preferred in gas turbine power plants because it helps to reduce the 

stresses in the blades and increases the overall life of the turbine. 

 
Cooling of gas turbine blades is necessary for a long life as it is subjected to high-temperature gases. Blade 

angles of gas turbines follow the axial flow compressor blades, where the degree of reaction is not 50%. 

 
It is usually assumed for any stage that the absolute velocity at the inlet to each stage (V2) is equal to the 

absolute velocity at the exit from the moving blades (ie. V2) and that the same flow velocity Vf is constant 

throughout the turbine. 

 
The degree of reaction R, as determined for a steam turbine, is true for gas turbines also. It is the ratio of the 

enthalpy drop in the moving blades to the enthalpy drop in the stage. 

https://www.theengineerspost.com/power-plants-types/
https://www.theengineerspost.com/types-of-fluid-flow/


Applications of Gas Turbine Power Plant 

 

The gas turbine plants are used for the following purposes: 

 
1. It is used to drive the generators and supply peak loads in steam, diesel, or hydro plants. 

2. To work as combustion plants with a conventional steam boiler. 

3. To supply mechanical drive for auxiliaries. 

4. Used in ships and jet aircraft. 
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