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Thessarecommercialirrmsefenergravmiable Thevmelndethefollovwme:
(i) Fossilfuelthatmavheinsalid liquidorzaseousforms
(i) Waterpowerorenergystoredinmater
(i} Nucleavenargy
Worldwideconsumptionofiotalenersvisasshonminthe Tablel 1.
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From Table 1.1, it iz evident that 92 per cent of tofal ensepy comes from coal, il gas, and
uranmm, and hence these are the most commeonly used commercial energy sources

{. Coal

IM:MME}MMMMEMMmEMMHM boalers
burn coal mamby; as primary fiel in any of 1ts available forma. Different ranks of coal available
are peat, llgmtr_ bitomincus and anthracite.

Figurel | showsathermalpowerplantusingsteamasaworkingfhind Itconsistsofasteam
penerator, 3 condensing furbine coupled to 3 generator, & condenser with 2 condensate exmac-
tion pump and a feed water tank with & feed pump.
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Inacoal-firsdthermalpowerplant coalisburntmaboilerfurnace Theheatgenerated
putilizedtoconvertwater whichis thevorkngfinid micsuperbegiedsieammtheboiler or Heam
penerator. The high-pressure steam 13 uzad to nm the pnme mover (stesm tarbine). The prime
mover rotsfes along with an electrical generator coupled to 1t Thus mechanical
energvisconvertedintoel sciricalenes pythatissipphedtovanouspomntsusingpowerfeeders.  The
seam that expands in the tubine i3 cond=nsed into water i a surfsce condensér, The

condensatewster ispumpedbeck fothefeed tank Thefeed water inthefeed tamlnchested by
bleedmy some mount of steam from the turbine. The hot feed water iz pumped to the badler
usmg a feed pump.
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Accordimmoesirnstes coalresarvessrasufficentenoughtolastfor 0 0vears However, coal
reservechavelower  calonficvalne sndthemiranspostation  ismeconomicsl, Whenbaret they
producepolhstentasuchasC OmndC O, andhencethmaneresponmblefor ecolomealmibalance.

2 ol

Almostdpercentofenergymesdsrmmetbroiiaions W thpresentconzampticnandaresource of
250,000 milhon tons of ol it is estimated to last for onlv1(0 years, unless more o is dis-

covered. Major chunk of oil comes from petroleum.

3 Gz

Dnie to the non-availability of ready market gas 1= not completely and effectively utilized and
iz burnt i huge quanfities. Its ransportation cost s mock higher than ofl. Large reserves are
estimated 1o be located i maccesaible aress. Gaseous fuels are clasafied 2z follows:

(1) Gasesoffinedcompositionsuchasacetvlene stiniene methane etc
(1) Industrialgases suchasproducergas coleovengas blastfionacegas watergas, etc.

4 Agricuiturolondorsanicwarier
Theseinchudesawdust, bagasse parbage animaldumg, paddvhuek comatem ete accountmg for 2
mZ)OT enerEY Consumphon

5. Water

Etmnurnflhrpmun‘ul!mrcm of energymeant exciumvely for bydno-electric power genera.
tion. Potential energy of water 1a uhilzed to mxutﬂmmmhnulmuphnmgprmt
micers knoom  ashydraulichurbines Theopezating cost oftheplantiz chespar ascompared o
other types of power plants. Tt is the caly renewable non-depleting source of ensrgy that does
nod ooatribute to pollution,

Figwel.2 showsa bydreohicpooer plentdemgned for highbead Inshydro-electnopower
plant, water 15 stored behmd a dam that forms a reservoir. Water 1a taken from the reservour
through taneels from ohers it i distributed 1o pensiocks. Apenstock is a large diameter pipe
that cames water tothehoriine. Trash racks arsfintedattheinla ofhmnelstoprevent anyior- eim
matter fom entering inio the hmmels. A surge tank bl before the valve house prevents
sodden pressurerise m the penstock when the load oo the turbine decreases or when the mlet
valves 1o the turhine suddenly pet closed The flow of water in the penstocks is controlled m
the valvehouss thatis electricallvdriven. Thus, potential energvol water is wlilized forun the
prime mover (hydraulic turbine) coupled to an electric genarstor in the power house, After
domg work. the water iz discharged to the tad race

. Nuclearpmver
Any matter conmsts of atoms held together by means of bindmg energy. Controlled fissnion of
beavier unstable atoms sach as Uss, Thy: and Pusw hberstes enormous smount of energy.
Mmmﬂmﬁﬁ}vﬂxﬂngmﬂmm ofnuclearfisels Ttmavbenotedthatthesneray released
by fisson of one kilegram of Uss 15 equivalent to the heat generated By burningd 500 ke of
coal This factor makes the muclear ensrgy more aftractive The ensrgy genevated
durmgnuciear fisuonreactiommsedtoproducesteammhesatenchangers which imtilizedto nn the
turbo-generators.



Figld  AMrdeulcPovePlar

Fornuclearpower peneration threesvstemsareconsidered, Thefirstishasedonnaturaburs-
mmyieldmppowerandplatoniom . Thesscondisbyusmgphutonumanddepleteduranumm 2 fast
treederreactor. Thethird mystem 15 byusing thormmandconvertmz #mfowraniumm a fast
breeder reactor. Indishasuranium reserves onhvenough to produce § = 10° KW of enesgy that 13
ameager | par cent of 113 curTent ensrgy requEEmens

Won-ConventionalEnergySources

i Solaremersy
Solar energvhasthe preatest potential ofall the sources ofrenewable energythat comes tothe
m&&mmmmuptwﬂhummﬂmuﬁamm:ﬂmm mnd
currents in theocean mdbeatmosphere, capsesvater ovele and penerates photosynthe- ds
plants. The sclar energy reaching the surface of the earth i3 sbout 10 W, whereas the world-
wadepower demandizabout10' W Thizmeanssolarener grgroems] 00 tmnesmore
energythaourrequirement EvenifivenseSpercentofthisenergy itsmorethan Htmesout
requmement Thetotalsolarradiahonabsorbedbntheearthanditsatmosphereisd 8« 10740y
Figurel 3 shows & concenmatingtype solar collactor used tofrap solar ensrgy
2 Windenergy
Windepergveanbeeconomicalvusediorthegenerationofeleciricalepergy Windsarecsused by
two main Bctors:

(1) Heating and coolme of the stmosphere which penerates convection currents. Heating 1

caused b the absorption of solar energy on the earth’s surface and in the atmosphere.



Fig L34 Coscesirding- T cuerollacior

Theenergyarvmlablein thewindsover theearth’ smrfboesestimated tobel 6 w10 MW, which
is almost thesameas thepresent-davenersyconsumption. Wind energyvean be utilized to nm
windmill that m twm is used to drive fo genesators, Indiakas a potential of 20,000 MW of wind

e
Fm'lll'hama'gj.w:aﬂnhluu thewandsover theearth smrfacersestimated tobel 6 «10° AW, whach
is almost thesameas thepresent-davenergyconsumption. Wnd energycan be whilized tonm
windmillthatin fumm isused todnivethepensrators. Indishasapotential of20 000 MW of wind
power

Due to pressure differentizl exizting between any two places on earth, am moves at high
mpeed  Thispressuredifferentiabin caused dueto esrth'sotstion end byoneven heating of the
earth by mm. The kmetic energy of ar can be utihized to generate electnc power. The kmetic
Enerey per unit volume of moving air is given by the following equation:

wherepisthedamstofirand F=meragelinear speed.

Figwel dshowsahmcalwindmillwherewstercanbepumpadoutionim gationand drimk-
ngpuwpose. Heretherctationsl motion ofthewheelcan besither tranzlatedmtorotarymotion (o
penerate electricxty) ar reciprocsting motion (fo drrve the pump).

i Energyfrombiomassandbioga:
Bio-massmeansorgamomatter thatisproducedmnaturethroush photomynthens. Inthepres- ence

of solar radiation water and carbon dioxide are coaverted info orpanicmaterial CHAD,

CH:O iz stable at low temperature, it buf breaks athigher temperature releasimg heat equal
to 489 klimode

CHAO-0:—C0~H0-460k mole
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hupmﬂﬂupmdummmhuhﬂmmhmmgphum:huﬂuﬂmﬁum
]:m:l:m‘u‘luﬂ mmdﬁrhm}b:.tmtmhmjhnrﬂmh Thebiomass can beeither naed n.']:m:ll}' by

barning or can be proceszed further 1o produce mors convenient liquid or gaseous fosls.
Thresdrfferantcateg oriesofbio-massresourressreasiollowe
{1) Bio-mass in its traditiomal solid mass such as wood and agncultural wastes that are
barnt dizectly o get etergy.

(1) Bip-mass in its non-traditional form m whech ho-mass 13 converted mio ethanol and
methancl that are nsed as liqmd fuels o enpmes.

{ni) Bio-mass in fermented form m which baomans 15 fermented anaerobucally to obimn &
gaseous el called biogas that contains 35 — 63 per cent methane, 30 - 40 per cent
C0qand rest a3 impunities such a3 H:, H:S and soma N:

Vanoumresoureesofhioomesssressfollone-

{1) Concentratedvaste-mmicrpalsohds sewagewoodproducts mdustrialwasteand momore
of larzs lofs.
(1) Dispersed vasterresidue —croprendue, legpmeresidueanddisposedmamire.
{ni) Harvestedbiomass standbryteo-massand beo-massenergyplantshion.
Totalsclarradhationabsorbedbyplantnsabout] 3= 1071y andworld” sstandingbao-mass has an
energy content of about 1.5 = 107 7
4 Energyfromoceans
Alargeamountofeolaramergy  iscollectedandsioredinoceans. Theurfsceofnateracts a3 a
eollactorforsolarheat while the upperlaverof the sesconstitutes mfinie baat storzge
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reserverr. Thehest contained m the oceans could be convenied mio electmerty due to the fem-
peranure difference (20-25 K) betwesn the warm surface water of the tropies] occeans and the
colder watersmthedepths ThimiethebameideaofOTECryatems Thesurfacewnter thatzat higher
temperature conld be wed toheat some low-boilmg-pomnt organicflnd, thevapours of which
woilld run ahest engine. Thesmount of energvanailable fom OTECE: enonmous, and is
replenished contmuously

Figwel Sshowsan OTECplant: Infsplant seavateractzasaheatsource workingflmd,  coolant
mﬂhﬂthhmmﬁzmn‘wEunﬁmbuﬂlhwbmhngpmthq wd, the
vapours of which run a turbine. Theworkms Suidmaybe ammonia, propaneor feon operating
at a pressure of about [0 bar,

Vapour ]
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Diradvanigges
(1) Efficencyis extremelviow sndbence therrmtemnesdsextransly largspowerplantheat
exchangers md compoensnts
(i) Even though thersimofise] cost, thecapitaleost isvervhigh andhencetheumipower cost is
highar
(i) Involvesdevel opmentalproblemsanduncertainties cimarketpensiration.

3. Tidalenergy
DustouniversatpravitatiopaleFectsofunandmoon cotbeearibtidesinthesssaresenerated.
Duetofmditvofnatermass thereresultsperiodicniseandalicfwater  leveldurmgthensng  and
seftmg of sun and moon. Thiz pertodic nse and fall of water level results m tidal pover. When
the water 1= above the mean sea level, it 15 called flood tide (high tide); and when the water
isbelowthemeansealevel misknownassbbtide(lowiide) Theensrgvdissipatedwith slowing down
the rotation of the earth a3 a result of tidal action 13 about 10 3T,

The tides are thvthmic bot not constant Their ocoarrence 15 doe to & balance of forces,
mmul:.'g[n'ﬂn‘hmulﬁm::nﬂhmnm andmm tosome extent, balancingthecentrifitgal force oo
water dustoesrth rotaion Thisrssulizsinrhythmicriseandiallofvater. Themoon rotaies



around theearth svery24 hr 50 mun. Dunng this period, ndenses and flls tmace, resulting
mefidalcvelelastmgfor) The 2 Smm. Thos thetidsrange Rngrrenbvthefollonwmgretstion:
R=waterslevationathightide -watereleationatiowide
Thigangasmaammmdringrewand fllmoonsandisknownasspringtideandneaptide. To
harmess trdes. 2 dam 13 it across the mouth of the bay with large gates and low head

Ipdranic reversible turhines (Figure 1.6). A tidal basin formed thus gm:qlultud from the
w23 mdam Therealwavsenistadifferancebetvesnthenaterlevelsonsithersideofthedsm

duringiowtide andhightide Thus thereversiblewsterturbmerunscontmuously producing
powerbyunmngthegeneratorconnectedtodt

- Highticaewel

Fin. .64 Tids!Enargy HamessingPlger

€ Waveenergycomarsion

Wanes are caused by wind that m tum 35 caused by the imeven solar heating and subsequent
cooling of the earth’ s crust and the rotation of the sarth When 2t its Mot active Sase, wave
energy produces more power than meident solar energy af its peake

Totslensrgyvofwavensthemmofpotentialandioneticener pes. Thepotentizlenerpianses
fromtheelevation ofthewaterabovethemean  sealevel Thelaneticenmpyofthennveisthat  of
theliquid betwesn two vertical planes perpendicular fo the direction of wave propasation x and
placed ons wavelength apart.

Figwel . 7shows 2 typical waveenergyconversion system. [t consists ofs squareflost that
moverapanddesmwiththewatergmd edby-fonrverticatmam folds. Theplstformiastabihzed withm
the water by four lasge underwater ﬂmmmmhmq:puﬂhbumm forces that
tmmm&mh]duﬁmmm&hephlﬁmﬂumwumﬂmgﬁm may
b:uwd 50 that the platform is stationary in space even i heavy seas.
platform, and hence 12 stationary. Ihpluhn-ninﬁummﬂﬂulmm:w
compressor. The downward motion of thepiston draws air mto the cylinder 17a an mlet check
valve. Theupwardmotion compresses thear andsendsitthrough an owtlel check walveinthe
fourunderwater floatstiontanksviathefourmanifolds. Thefourfleataniontanksservethedual
purpaze of buovancyandair storage, andthefour verticalmanifolds serve thedual purpose of
manifoldeandfloatzusdes. Thecompressedmrmthebusancy-storsgetanksismtnusedte  drivesn
air turbinethatdrives an electrical penerator. Theelectriccurrent istransmitted tothe shore via an

imdergroumnd cable
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7. Geathermalanargy

This is theenergyvihat comes from within the earth’s oust In some locations of the earth, the
steamandhotwatercomesnaturaliothesur face Forlarge-scalense boreholesarenommally
smicwthdepthaptol Mkmdumgtﬂmmdﬂmﬂm;ﬂuﬂlm—im E.m.dpmm

upiod, DI0EN o' Twomethodsaregeneralhyusadioge: .
Methodl

Inthuzmethod eh eatenerpyztransferredtoeworkoneludthatoperatesthepower oyclelt 1=

foundthatmolten mieriormass ofearth vents fothesurfacethbroush  Bsmresattemperatures
ranging between 450 and 350°C.

Methodil
I this method, thehot peothermal water and'or steam i5 used 1o operate the turbine: directhy.
From the well head, steam is transmirted by using pipes of 1 m dismeter over distances up to
5,000 m to the power plant. [n this system, water separatorsare msed fo separate molstireand
solid particles from steam.

Theheatfluxfromtheearth sinteriorthroughthesurfaceis® 5=107" 1 Thetotalam cunt
cthestsioredn waterce steamtoadepth of] Ulomisestimatediched = 107 Tandibatstored m the first
10 ko of dnrock i around 107" I Figure | 8 shows a tvpical geothermal field

§. Hydropemensrgy

Hydrogen 23an enetpyis another abiemative for cooventional fals T can be easihproduced
from water that 13 svailable abundanthyin nature. It has thehighest energycontent per wmt of
mmnfmrdlmalﬁzlmimhdtumhﬂhﬂﬁ:rh\ﬂmmbm;?mhmmnd combns-

hm:ﬂiﬂ:nm::} It ison-pollutmg and can be used m fisel cellsto produce both electricttyand
usefulkeat. However, ithastechnical problemssuchasproduction, siorageandiransportation
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8 Funlcalls

These are electrochemical devices thar are used forthe continuous conversionof the porionod
the free energy change m 2 chemical resction to electrical energy. It operates wath comtm.
mmrq_]lmi.lhmuﬂﬁfh:ﬁu], and the oxdant at actroe electrode area and does not require

hamcomponentsofzcellarelilafielelecrode (i unoxidenioranzrelactrode md
(nianelectrolyte. Someofthefuslcelluzedarehvdrogen, oxygen (H-, O:)hvdranme(N.Hi, 0.,
carbon/coal (C, 0.) methane {CH, 0.), efc.

Figore] Sshowsatypicalbvdrogen—oxygencellpopularhrimownasaiydroncell It
comsistsofwoporousorper meableclectrodesmadeup ofeith ercarbonomickel mmersed

Lasd
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i |
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in a0 elecirohie of KOH schution. Smee the elecrochemical rezction of the porous elecirode
where gaz, elecirolvte and elecirode i contact @e slow, 3 catahyet (finelydivided platmum or
platmummchasmaterial isembeddedmtheelectrodes. Theconcentration o0 Hwobutionis
mintxinedatabout 30-40per cent smceihashigher thermal conductivitvandless corrosive
comparsd to acids.

Workingprinciple.
Atthenesativesledtrode hydrogenpasscomveriedintobvdropenionsreleasmprescl ectrons.
H:Catalyst—1H +2& (1)
Under the mfluence of the catalvst m the electrode, thehydrogen jonsreact vath thebndronyd
tons m the electrolvie to form water:
IH+0H—IHO (4]

When  thecellizoperatmg thefreeslectronsfromnegativeelectrodeflonthrongh thesxtemal
loedtowardsthepositrreelecirode Theel ectronanteractnithoxygenand watermtheelectro- hite to
form negatively charged hopdromod foma:

O+ H0+2e—=20H" (3}
Thehvdrogenandhydromyionsthencombinetoformwater
H+0H =H0 4

Asinglehvdrogen—oxveencellcanproducean electromagneticiorca{emfiofl 23 Vatatmos-
pheaicpresnuraandatatemperatirecfZOfK.  Bicombiningibecellsin  senies,  itispossibleto
Eenerate powsr rangmg between 3 feor inlo-watts to mega-watiz

Advantages

(i} Sincepowerconversionissdirectprocess heconversione ficencyisashiphas T Oparcent

) Bimolitioafesn ) g EI i .
{(im) Inscompact muze endightermweght
() Mamtenance costiz less dustoleszermechamcaloompanents
Dizacvaniapes

(i) Hinvolveshigherinitialoost

{11} Hthaslowercoltage.
(m1) Ithaslowerservice his

I0. MHDgenerators
MWHD generstare are nsed for direct conversion of thermal energy into electnes] enarpy{Figume
L10). They work on Faraday prmoiple. When an elecinic conductor moves across a magnehc
field. a voltape 12 induced m &, which produces an electnc current. In MHD pgener- ators, the
sobid conductors are replaced tva fluid that is dectncallveondocting. The working fluid may
be either @ iomized gas or hguod metsl The hot partially onized and compressed gas
mexpandedmaduct mdforcedthroughastrongmameticfield electnicalpotentiali



generatedinthesas Electrodesplacedonthesideoftheductpick-uppotentalzeneratedinthe pas The
direct current thus obtamed can be converted intoAC using an umverter

The evstem 12 smmple with large power and temperature-handimg capscrty wathout any
mpnﬁhﬂu;hhﬁuﬂsm&:mhhm&smﬁﬂ]mﬂmﬂmﬁ sec. Power output
can be changed from o load to fall load in fraction of a second.

11, Thermiloriccomierier

Figural_11showsathermionicoonvertor Foomsistsoftwoelectrodesheldmacontamer filled
withiooizedoesium vapowr. Heatingoneslectrodebailsout’ elsctronsthattravel totheoppe- site
colder side electrode. The positive 1ons I thegas neutralizethespace-charge effect of the
electronsthamormalhvpreventtheflowofelectrons lonzedgasoffsstaspace charpeeffectthat tends
to repel migration of elecirons.

Electrons that are emutted by heating cathode are migrated to cooler anode collector and
fowthrough outer circwittodevelop slecricpower. Low-werkfunctionmatenialssuch ashar- mum
and srootiom oxides are used for snodes, whereas high-work foncfion materisls such &
Tungrten impregnated wrth berum 19 used for cathodes

Emitier/catroce] CallackoriAnadsl

7

R
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Fig. L1 Themieni Convantsr
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11 Thermoglacric povigr
Ituaderioethatconvertsheatdirecthintoelectricpower.  Ifehmmafestheconversion  ofheat
wnﬁnﬂmgﬂgmmﬂmkathdﬂﬂﬂnmﬁmh&nﬁmj&mm
materialsarejoinedtoformaloopandtherwoqun clionsaremain

e mﬂmﬂﬂmﬁw The

- magmitnde of the emf (£) developed by the
E i l 1 abm:pm:m B pmpmtmaﬂtuhrtnnpmﬂnt
. s differencebetweenthetwojunctions Figurel 12
shows 3 themoelectrie generator

7 N EedT—T=ali-T)

where [i = Temperature of hot pmctiom; T =
fle i Tl Temperature of cold junction; o = Seebeck
coefficient

= Th;hntﬂ::ﬂ:: mamtaiped 2 3 femper-
) atureJs byib iadhegtzoarcathatmay be mmall

Fgti2  ThamochoikCumier ul-mEal.:}hunE, a nuclesT reactor, or
directsolarradiabion byparabolordal concentrator, andthecoldjunction 1smamtamedat Iy evber
water coolmng or radiative heat transfer.

Theamount of power pensrated in & country depends oo theutilization ofaturalresources
gvailablein thatcounirvaparifiom i geographical locatiop Tofalpower pemeraiedis usually
contmbuted by power generated by hydel plant. thermal power plant and nnclear power plant
Theamount ofpower avmiablebyahydel plantentwehydepends on naturalutes availableand oo
mh\ﬁﬂngmlmﬂtmﬂmmmnmm Since the amount of the rainfsll vaner con-
aderablyover  vears tisdifficultiorunshvdelplantwithowtsufficientoater  source Thusfor
vansbledoad conditions ahydrauhcpower plantisnotreliable This  difficultyisovercome by
installmgathermalpower  plant Theadvantageofiteam power plantishathumsn  beingscan
createthesitenear a water resourceand foel resource. Thesteam power plant can beused 2= 2
base load plant along with a hvdel or nuclear power plant.




2.2. CLASSIFICATION OF STEAM POWER PLANTS

Tha steam power plants may be cloasifed as follows ;

1. Contr] statinns,

2. Industrial powor gtathone or coplive power slntions.

1. Central siations. The electricnl energy nvmilnbie from thess stations s meant for genoral
wale to the custemers whe wish to purchase it. Generally, theso statbons are comdensing type where
the oxhaust steam is dischargod into a condensor instead of into the stmesphere. In the condenssr
the pressure [ maintained below the némosphoric pressure and the exhavet stenm is condensed.

2. Industrial power siations or captive power stations, This bype of power slation in
rutt by & manufactering company for its own use and [ts sutput is nol availeble for general sale

Mormilly these plants ire poo-pandensing becouse o bnnpe quantity of sbeam (low pressure) i requained
for different manufscturing cperations.



ThermalPowerPlants

INTRODUCTION—POWERPLANTENGINEERING

In tha =oders soememio, the need far sleciricity s moreasmg Ty spadly. Electmic pover =
consxderad as the heart of any industry. Eleoriany 13 used m our day-ro-day life for lishting,
besfing, [fring, snd coodins snd 10 on Thessfore, if s necssssry o prodass sleoricisy s lanse
sl mnd gizo ecopomically: The largs scale pover producton could be achisved oriy by meang
of waimble powsrprodedngunizvikepoverplane The memmmmenlyused powsplans e
gtaam (thermal, Gas, Dissel Hydroslasric snd nuclesr powsr plants. The maies sspacs sopsjdes
whils contfructing or desigwing @ powasr plast i3 the seletion of proper lootion and
apFTOETIEE eqmpmans for the plat such that maximum cutput iz achisved. The gererated
pervssr must alea be coar efective. relizbis and fairly unsmeerupred.

CLASSTFICATIONOFPOWERPLANTS
Bl slesprie power i sesscpted by specis] plants bnown 9 Sensrating spationdorpoprer plars,
A pensrating stition cormists of 4 prime mover conpded to en alternator b produce elestric
PEWET

The prime mover coevarts differsnt energy forms like Enen: seergy. potennal snecEy
cheeleal snergy, i mechanizal epergy. The altersator convers the mechanioal sssrgy w
glectrical epergy,

Dependine ppositbeenergiesorinpul  convertedbyprimemoretisomechaniclepergy, the
powsr plants ave cdassfied as follows

1 Bmampowerplsets

1. Hydroelectricposreplants

3. Duesaipowsrplants

4, Yuclearpowerplants,



LISTEAMPOWERPLANTS:

A thermal power stalion = a power plant i which the prome mover 18 steam driven
Waternheated turmimbosteamandspina st sardarbmewhichdrnesanslectrialpanerafor
ABerdpawi patbropshthetisbine (beitasmmicondensedinarond ennerandrecy e Indtonhere
tiwasheated thsuknownaaRankmerycle Thesrestest  varatonmthedesne fhennal  power
siahomr i doe to the differect fise]l sources Some prefer fo e the ferm mergy corssr
wrell a5 defrrermy elactraral power. A brps proporbion of C0: o produced b the worlds Sl
fired thermal poweer plants; effords fo reduce these outputs are vamiou: and widespresd.

LAYOUTOFSTEAMPOWERPLANT:

o mi
| e
4 -
1
I ™ Fom g }iphang P
Lot | pratania ]
! E
Sugaw
)
Fapos  wiinl 1
— i N
=3




L LY A R R LA e LR T Al LS T PR P

Coaland A:hCircnit

Coal and Ash cxeue = 3 thernsal power plant lnjoui mamby tkes care of feading the
bodsr weheoalfromthe storase for combuston. The ashthst u generated domg combustics
collected at the back of the boilar and removed to the ash woraze by scrap commevors. Tha
combushiopmibe Coaland Asheireud 1 controlledby regubtmgthaspeedandthequalivof coal
entering ths grate and the damper cpemmgs
Arand Cas Cirennt

Axr Fom the stmosphers & dEected mio the furmace throush the ai preheated by the
actionofa forced draught fmor mduced draught Gn The dust fomtks 37 Bremened before
snters the combustion ckamber of the thermal powsr plast lyour The exbuust pases from the
combustiosheat the ar, whichgoesthroughabeat exchargar and 13 fmallylet offimto the
ey et
FeedWatersnd Steam C ireuit

The steam prodosed i the boder is supplisd to the furbines o peoerate power The
steamuthat isaxpelladbotheprims mover inthotharmalpowerplmt Livout istheneondensad
inscondssasr fhere-nssinthe boiler Thecondesssdwateris frrcodthronghapimsp intothe. s
water beaters where o & keated usiss the steam from different pomts in the turbine. To mike
up for the lost stesm and wabes nhis passine thronsh the varous componspts of the theene]
power plant Tveut Beed water i sepplind throcish external sourees Faod waker i perified in
a puniyme phnt {0 reduce the dosohe mlfs tkaf conld seale the bodder tobes.
Coolin=sWaterCircud

Thaguantdyodroohnewaterrequiredte  coclthesteammathermalpewerplant hyot =
sgnificantly hieh and hence o & sopphed fom 3 soteabrater source b 2 bk or 2 moer,
After pasnes through wcreams that remove paztacles that can phlox the condemzer fubes m a
tharmal power plant byoat, o w passed through the condenser whars the steans 5 condansed,
The water s fmalhdncharged back wto the vater source after coclzmg, Coolmg water cwouz
canalie  besclossdimtemwherstheccohdwatonmentthrongheoolmgiowerfor  re-usem
thepowerphint. Thecoobngnatercrculationisthecondensarofatharma powerp ot livout helps m
maEERImmE 3 bw pressure i the condemzar all throwghonst

All these cxrcugs are misgrated fo form 3 tharseal power phet layout that genarates
lecirely o mast our needs



Advantages
Generations Powers comtmuons
Lassgpacs raquired
Thizzankelacatednegrthelbadesnresoibatihatrammiszion lowesars radueed.
Theamespond to rapidlyehars mpkoads,
Disadvantages
¥ Longtmessqursdfor matallton
* Tramportaticnandkand bngo fueknaajordifficulty.
» Eficancyofplaetnbe,
¥ Powergansrstioncost whighcomipared to mdelpewarp bt
* Mamterancecost ishigh

¥ ¥V Y Y Y
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n) Difficolymcontrollmphequalivel condensstesoastomantanstate3.
(s} Drfficultvin sentropiccompressionof wetvapourtomamtam saturationpomnt].

RankineCycle
Figure 4.5 shows a Rankine cycle, which
forms the badc working cyele of steam
power plante, [n thiz cyele, feed water zup-
phedbyamulnstagefpedpumplarasedmto
steam ina botler. The high-pressure steamis
expanded i the turkine, generating work
Afterexpansion the sfeam iscondsnsedin a
condenser and the cyele repestz In & real
nck,ﬁumu:mhhhimepruﬂ
and the cvcle efficiency decreases.

Fig. 4.585nkms Cycle Flg'umi‘rﬁ MIWFIEMHMﬂE

opp—Fand I—diaprams Inthisevele sithey

satoratedsteamenterstheturbimeatpomt ] orsnperheatedsteamenterstheturbinestpomt

1°. Cyele 1-2-3-4—-1 15 a saturated Ranione cycle and cyele 1 —2-3—4—5-1" is & superheated
Bankme cvcle. . X

¥ ]

FiggRanine Cysizono-Vardg Diagramy
Thecvelehasthefollowingreversibleprocesses:

(1} 1-2erl"-1":Adiabaticreversiblesxpansionthroaghtheturbme Theexhaustvapourat  the
end of expansion af 2 or 2'is usually in the two-phase region
(i} 2-Jer2'-% A comstani temperature and pressure process. Heat i3
rejEf.t-ad I the nmgtcwpmﬂm
(i) 3-d: Adishetic reversible compression. The pump imcreases sshurated lwuid af
3 tosubconledliqmidatthesteam generstorpresnre 4 Lmai—4 = =
vertical Ima a1 the hqud 18 moompresnble and pump work is sdishatic reversible.

(v} 4-lord—1":Heatisaddedstconstantpressar=inthesteam penarator Tishovn  Wihslined—
=1-1" Darmgtheprocessd—b subcooledliqud etpointdbecomes
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sanuated ot pomt & This conversion oocurs m the economuzer of the stesm generator
During the process #-1, satorated hcgm-:!aipmiﬁuhe&hd st constent pressure and
Semper aturet 1 Thischsn geoceurmmthesvaporatoror
borler. Process 1-1° corresponds to the convermon of saturated vapour ot pomt 1 to
superheated vapour at point 1° m the super heater.
L eth, =enthalpyofiaturatedvapourat ]
& =enthalpofupechented spoarat ]
k=athalpyvofsieamvapourail
A= enthalprofstesmyapourat?
ry= Ay =enthalprofisateratpontd
Ri=hs=enthalprofivateratpomi4
#y=hs=enthalpyofwaterstpomt
{v) Heataddedpenmitmass atconstantpressureprocess 4-d-1ord=4-1"tsgrvenby
gr=m—hn Elkgzanmatedvapourocle
gv=iy— k] kgsuperheated vapourcrcle
(i) Heatrejectedatoonstanipressureprocess 1-3or 2313
ge=f—hnkl zsaturatedvapourcycle
=~ Aok Egmperhestedvapour cyce
(o) Turbmeworkduringtheprocess]-2orl "—2is
W= — k] psturatedvapourcyele
wi=h =ikl kpsuperheatedvapouracle
(v} Pampovorkdurngtheprocessi—di
Wy —hekd kg
=il —pi il kg
i Networkdone
=Heatadded —Heatrejectad
={ e~ (=)
= (== - kT
=(h—R} -y
Networkformuperheatedvapour cicle
=Heaatadded —Hagtregerted
T T
=y =k {Ra=h ke
={h—}-W,
4 Thermal eficleny
Thermaleficimasgivenby
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Themalefiaensyforsahuratedvapoursycle
_(h—hiw,
()
Thermaleficiencyior suparheatedvapourcycls
Ulr""-l-l."]"l'l"g
- -
(R —rra)

ActealsnditeaPoosssesmantng Cyos
Az mentionad esrhier, n an aciuzl Fanlone cyele, due to the mrevermibilmies in vanioas
:cmpmmllmmgunhﬂmd:ﬁmﬂuﬂ:mtﬂmmcrmhg Jpreasuradrop
mntheboiler condenserandppinesystemmmevitable Toovercomethepressuredrop it 15 essential
to supply feed water to the system at sufficiently higher pressure than the ideal cvels This
results i higher power consumphbion. Both ideal and actual E}‘I:FE#ITEI]IMWFEHH-‘-T{E}
ard (bl

L]

i3

Figd. TAcuslandice sProretesioraRanicne Gz

D to theheat loss tothe soroundings, hrbine work decreasss resulting o bower efficisncy,
given by the following equations. Pump efficiency for ap sctual cycle 1= given by

e A
Fogy heh
Turbmesfficiencyforanactialcycleiseiveby

pds A

| fw -k



Woeat WT-WP
L. workratio= =
We W=

The capacity of 2 steam plant 5 often expressed in ferms of sieamrate, which
mdefinedastherateofteamflon(ke hirequiredtoproducevntshaftoutput (1
EWLIt i aho called as specific steam consumption (5.5.C.)

Therziore,

Woa: Wr—W W 16W
= 1 kg 300
Wr=W; kWs W:—W kWh
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Exampie4.1

Awumplefeninnecycleworizbetwaentheboll erpressrec MPaendcondenserpresmurent 4 kPs.
The steam 12 drv exturated before the throftimg m the turbine. Determme

(1) Ranlonecycle efficency

(1) werk ratio

(i) epecificsteamconmemption

Solution Fromthesteamtablesst3MPa(30ber jandzsturatedvapour condition
iy = 2802 3 Kl kg
= hi1+xhis

[ 1 =120 d4x 43310

Bt process]-Qisisentropic.

i S=0 1 B8 =0=0re= Xl s

3 te 61838 =04225+x8.0530
x=07154
Hence =121 4+0 715 x2433 ]
=1862 (kT kg

-

(1) Ranlonecvoleefficimncy,
Pungracrk =vi{pi—p)
W =0 001(30-0.04)100
=3kTkg

h&rﬁﬁ"*'ﬂ‘-'p
=]114+]



=124 4kl
(B bw,
(F-tes)
(2802 31862 04)3
T (m03-124)

b

37
=770
=015=1i%

(1) Workrstio
—Hl
(=)

(2002 3-1862.04)-3
(2802 3-1862.04)
93126 o
o0 76
(iti) Specificsteamconsumption
-
Turbmesock
= 1. 13m0

(k) (28023-1862.04)
1600

540,78
=383k kWh

U

Exampied.2

ImastesmpowerplantoperatmesnidealR ankimacycle, steamentersthenrbineat 0 barwith

enthalpyofil48 kg and an entropyof7. 127 kikg K. Thecomdenser prespureiz0 | bar
Fmdthecycleefficiencyandspenificsteameonsmptionmicg k'Wh Donotmeglectpumpwork. You

may make nse of the extract of steam table given below.

P t e hy L %
{par) ) kg C kikg
_ DO | s  NORE 10T |27 0 63T
01 | 4581 | 19183 25847 | 06493 81502




= ST

e T 127=0 6493 +x; 5 (8. 15020 6493)
- - o 864

At 0] bar,
=R 1y hew

=100 53408564 (25847101 83)
=101 83+ 0 864 236047
=228 27k kg
Pumpwork, F=vilp—p)
Bt wimypm (.00 1m " kpatl. 1barfromsteamtables™
- IR, =0.001(206-0.1)100
=1 90 ke
:"':-ﬂﬂ', H-r'h'r" h’:
Jin= W+ ket Thaz
=150: 19183
=193 82kTkg

(.t

()
{3248-2239.27)-1.99

(3248-193 82)
§86.74
305418
=3231%
Speaficsteamconsumption
e I

13600 3600
-l e e
=) 3248225827
=3 $4kz kKR

rll-
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Exampled.
. ’ ; . 45
ﬂ.mﬁwmmnuwmm‘cmmmwmm I bar snd 4%

(1) Rankmesfficiency
(i1} shesm consumphonperk W perhouri BhesfBcienciratioi 70
{n1) CamotcycleeSicyencyforthegmen temperaturelmats

() changemPaminneefficiencyandspecificconsumphionifthecondenserpressurais reduced to
0104 lbar

Solutlon
Fromthesteamtables,
atl Shar300°C,
m=3038.%kTks ¥

£=6 9207kl kg
A0 L haremdd®ydrr,

Ay=hp Xl
=191 8+1302 9096
=2488 98k ke

AL (4 bar

:'ﬂI_'rﬂl'r.'""I:'-‘h!.:'

69207 =0 4205+, B OT30
x, =081
Hence, I S
=110 4081 x 2433
208221k ke
(1) Rankmesfficiency
pumpwork= W= v pi) bat,
vi=veat 01 bar
b 001 k2
=0 001 (15-01 0 100
=1 40 KTy
Agan, F=h—he
g 149+ 1918
=193 2%J ks



b
(ir—ha)

(3038.5-248898)-1 49

(3038.2-193.29)

_H84 193

2336

_ =1930%
(1) Specific fuel consmmption

SRR - o [dicatedthermalefficiency
Now efficienoyratio Rackinefficiensy

Indscated thenmaleficency =0.7 =00 193=0.133
But, mdicated thermal efficiency,

0.135=

3600
Turhmewark

_Ls3600
i)

3600
W=
LR

=

}_ﬂ.l]i{SﬂEi?-

=48 492 kWh
(n1) Camotefficiency

T T
- I=
] "‘Tm
M, Irm=3'wc
Tsa=43 B3°Catl) fhar

_300-4383 g
sy = opeamy  =04436

=44 36%

(i) ChangemPanloneefficiencyandspecificfiuslconmumptionat() (4 barcondenser pressure
At (dbar condenserpressure

= V= 000 i
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Example 12.2 « °  Cis expanded in a steam turbine to 0.1
bar. It then ¢ © aeitis condensed to saturated ligui®
The pump fer- -+ 1m0 the boiler. (a) Assuming ideal | -a, find
per kg of st .ork and the cycle efficiency. (b) If the turbine and the

pump have eswu « -o efficiency, find the percentage reduction in the net work and
cycle efficiency.

Solution The property values at different state points (Fig. Ex. 12.2) found from
the steam tables are given below.

hy=31593 kikg 5, =6.9917 klikg K
hy=hgy= 17388 kikg s, = 5, = 0.5926 kiikg K
higy = 2403.1 ki/kg 5, = 8.2287 kikg K
Vg = 0.001008 m'kg . 5y, = 7.6361 KIkg K
Now 51 =8y, = 6.9917 = 50, + x5, 5y, = 0.5926 + x57.6361



Fig. Ex, 192

. = 63991

* 75361

g, = by, + 23, By, = 173,88 + 0.838 % 2402.1
= 2187.68 klkg

=0.8338

3
KN
a) W, = gy hs = v, uﬂ—p,}-umum% x19.92% 1005

= 2.008 kJ'kg
fig = 175.89 klikg
Wy = by - by,
= 3159.3-2187.68 = 971.62 klkg
W = Wy = Wy =969.61 kikg
@ =h-hy,= 3159317589 Ans,
= 2083.41 klkg
W 969 61
Meyee = _&1 " 298341
(b) If Mp = B0%, and np = 80% Ans.

=.........._1'ms=
p= 200 =251 kg

Wr=08x971.62=777.3 ki'kg
r‘-l r-,'-ﬂ'-r- w'.ﬁ‘.skm
- % Reduction in work output

- 36961 - T148 . 100=20.1% ey
96961

by = 17388+ 251 = 176.39 klkg
1.1 Qj_ - 3'-! Hr; o ‘I?ﬁ‘jq = 2932.9[ k-llrt“,

1748
- = 0.2597, or 25.97%
lerele = 3083 91 "

=325, or 32.5%




Vapour Pacer Cyeles r—1 ]

= % Reduction in cycle efficiency
= 0.325 - 0.2597
0.325

Example 123 A cyclic sicam power plant is to be designed for a steam
temperature at turbine inlet of 360°C and an exhaust pressure of (.08 bar. After
isentropic expansion of steam in the turbine, the moisture content at the turbine
exhaust is not to exceed 15%. Determine the greatest allowable steam pressure at
the turbine inlet, and calculate the Rankine cycle efficiency for these steam
conditions, Estimate also the mean temperature of heat addition.

Solution As state 25 (Fig, Ex. 12.3), the quality and pressure are known.

X 100=20.1% Ans.

S0 = Bp+ Xy, 5g, = 0.5926 + 0.85 (8.2287 - 0.5926)

= 7.0833 kikg K
Since L R
4 5 = 7.0833 kg K

At state |, the temperature and entropy are thus known. At360°C, s, = 5.0526
klikg K, which is less than 5. Snﬁmﬁ:'mhknfmpn‘hﬂmd steam, at
t|-3rﬁﬂ‘flnd:.-‘?ﬂ33]-ﬂmlll. the pressure is found 1o be 16.832 bar (by
mhrpulmm}

+, The greatest allowable steam pressure is

Py = 16.832 bar Ans,
by = 3165.54 kg
by, = 173,88 + 0.85 = 2403.1 = 2216.52 klkg
by =173.88 klkg
by, = iy = 0.001 % (16.83 = 0.08) x 100 = 1.675 klkg
by, = 17556 kl’kg
@y =hy = hy, = 316554 - 175.56
=Emu&s
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H"T‘*|—hh'3lﬁsnﬂ'nlﬁ.jl'mml
W, = 1675 klikg
m-%:%-mmm:m
Mean temperature of heat addition
rohohe 2%
5,—-3%, 71.0833-05926
= 460,66 K = 187.51°C.
Example 124 A steam power station uses the following cycle:
Steam at boiler outlet—150 bar, 350°C

Reheat at 40 bar to 550°C
Condenser at 0.1 bar.

Anz,

Using the Mollier chart and assuming ideal processes, find the (a) quality at

turbine exhaust, (b) cycle efficiency, and (¢) steam rate,

Solution  The property values at different states (Fig. Ex. 12.4) are read from

the Mollier chart.

g *bf\*
| &
8

l?’" =01
." P22 II...,

”?ﬂm

————

(b)

Fig, Ex. 12.4

hy = 3465, by, = 3065, hy = 3565,

hy, = 2300 k) kg x,, = 0.88, hyfsteam table) = 191.83 klikg

Quality at turbine exhaust = 0.88
We=10Ap= 107" % 150 % 10> = 15 kl/kg
. ﬁh'lﬂ'ﬁﬂ}m
2y = (hy = hg) + (hy = hy,)
= (3465 - 206.83) + (1565 - 3063) = 3758.17 klkg
Wy = (hy = hag) + (s = hy)
= (3465 - 3065) + (3565 - 2300) = 1665 kg

Ans. (3)
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InFigured. 16(a ) workdone keofsteam
W=Ares] -2-5-f-4-|
=fAreal 28101 +Aread-F5-5-0 - Aread- 50104
=P (e My = P
= —u -
=e—pvi—{h—prdpvi—pnl =
(h— B+ vdp—

weherev, = Specificvolumenfteamatibeendofisentropicexpansion

ReheaiCycle

opn efficencyofnorzleandblades Thusdifficultyis -
extractingstramata mntable poant ulhrhrhnr.mﬂrdmﬁng dagamb}mm_

Aschematicdizgramofarsheateycleisshown mFigured 17

Inthizcycle, thesteamatpointlizexpandedin theturbmesndapart ofthestesmiz extracted at pomt
Zandretormed back tothestesm penerator. Hemce, theextracted stesmizagam heated st comstant
presmure (ideal case) to & temperature st 3, but nesver to temperatore st 1. The reheated steam

expands ini the LPT tothe condenser pressure.
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Rahesler| o ] T‘Q’
Siper o i Turkins Tulnay j__,-'
e g #
?
Soler = _ \\
Econpmizs
1 4
Condd =ar
Pump
i I E N 5
Fig 4. T7Re e sy
Advantagesofreheateyclesressfollows:

(1 Dnnm&l:hﬂh.ﬂﬁfﬂmﬂﬁmmuﬂuﬂhﬁmhmuﬂﬂﬂhng]ﬂrﬂtﬂduﬂimmd
cortosion of blades. Drvness Fraction is maintzinsd well above 2 per cent

(1) At lngher cperating pressure (g, thermal efficencyofthe cycle ncreases provided the
nﬂmﬂﬂr.atprmmp tﬂhmﬂhni;:euurp.uﬂm’ﬁn&hm.m 2and? Sper cent

In most ofthepower placts, reheatingidimited todmaximum offtwostazes andhizher
oparating pressures due to cyels complication and imerezsed capital ootz
AtidealreheateycleisshonninFigured. 1 §oathe —rdiagramandi—sdiagram.

8} 2
Figd. 18R ehestCicle T-s Diagramandi-sDiagrsm
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Salunen: Fromihesteamtables,
At 2 MPa and 500°C 7
h=3673 f
At §kPs. Ky e ]
=] 730kl 4
Emaldinmmuﬂhﬂnrhn:ﬁm,” . 20bar N\ /*
h—he=650kT ke
h-h=T60igNe |
work done by the tarbie & Ka \/
‘5 4
Wr={h =+ (- AT
o = 650+ T60= 1410kT kg
BHeatsupplied duringtheprocess,
gu= b= he (=)
=(h—h+(—he)
=630+ (3467 3-1719)
=39-1§.-lk.l'
n= 1M g 3576
=35.76%
Reg&nar&tweﬂrcle

dabilrtytoimprovethethermodynamicefficrencyoef the cycle but
is quote wieful m the reduchon of mossture m the turbme. Hoonsver, 1t isobserved that the

largest simgle boss of energy m a powes plant ocours &1 the condenser i which heat is rejected
to the coolant. Hence, reducmy this rejected best drastically improves cvcle efficency

InbothidsslFanlanesndrebeateveles, theconden-
sate 13 perumed 1o the boiler 3t the lowest tamperature

of thecvele. Thefluid is heatedte saturationby direct mixing in

the s1=sm

dnmoftheboiler byfumacersdistionmboilertubesory gas

convecis
by the fiue gases m the economizer. All these methods
involvelargslemperaturadiferencerandarsinherenthy
irreverzible. metead of resoring to such procedurs, a
method of feed water heatmg 15 considared.
Amidealregenerativecyele ishownme ipared 19
Thesteamexpandsnareversblemannersuchthst
areaunderthecurved-3( 2=3=4-5-2 wouldbeexacty

T

Fig. 4 tiesRepenen e T-sliggrar
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equal totheares under the curve §-106—1-4-53-5)That means thancreasem sntropyvdunng

bestng equals to the decrease durmg the expantion and coolmg of vapowr. Thua, the cyele 12
to a Camot cvele opersting between maxmmmm and minemm t

In practce theideal cvcleis spproached bwallowing thecondensatefromthefesd pumpto

beheated in aseparatehester or heaters bystearn extracted from theturbinesfler itnmpuﬂg.'

expanded and work done The extracted stesm sither mixes directiy with the condensate, a5

an openhester, Eu&mﬂﬂmﬁﬂ.@dmdm&dﬂuﬂhﬂ!%mﬂtﬂfm

vdeal regenerative cycle power plant 15 shown m Figure 4.20.

i
=1

LA

Pump:
Figd. Miceaifegeneramve CymiePowaPias

An infinite oumber of heat exchanpers, known a5 feed water heaters, are essential in order 10

camvoundealregeneranonprocess. Thesefeedwaterhestersarensediopreheatthacondensate.  with
sieam exiracted from the steam furbine Thiz 12 prachically not feanble. In additon, the

thermal eficencyzam doetotheaddition ofheaters drops as themmmber ﬂﬁmﬁm A
sothatfurther addition ofheaters isnolomser econcmicallyjustified dueto
theincreasedeapitaleost Inpractics maximumsxtossvenhestersareemplovedinvervlarge  powsr
plante {refer Figure 4.21).
Workdenetvtheturtunedurmgprocesa3—d, 4-5, 3-Gandé-7

Wy =iy o (L=, Py = ) ] = = = )
= (1-m: —m— R}

i Net workdomely fhe cycle
=Heamddad- Heammected=g. - g

T S B Y
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129 Reheat-Regenerative Cycle

The reheating of sieam is adopied when the vaporization pressure is high. The
effect of reheat alone on the thermal efficiency of the cycle is very small
Regeneration or the heating up of feedwater by steam extracted from the turbine
has a marked effect on cycle efficiency. A modemn steam power plant is equipped
with both. Figures 12.22 and 12.23 give the flow and T-s diagrams of a steam
plant with reheat and three stages of feedwater heating. Here
w]"tﬁ.'*ﬂ"'" --;}[ﬁ;-ﬁ;}l"'ﬂ -H|}[h'hﬂ'
+ (1 = my = my) (hy = kg) + (1 = my = my = my) (hy = hy) Kdikg
Wy = (1= my = my—my) (hy = hy) + (1 —my — my) (hy, — hyg)
(0= my) gy = Irgg) + D0kyg — by g) klikg

| LP

W W Wi Wy
Fig. 1220 Reeat segencratve e fle digram



—_—

Fig. 1223 T~ diggram of rekeas-regenerative cycle

@) = Uny = Bys) + (1 = my) (g = By bedikg
and
@y = (1 = m—my - my) (r; — hy) kiikg
The energy balances of heaters 1, 2, and 3 give
mghy + (1= myJhyy =1 % hyy
mghg + (1 = my ~ mgdhy = (1~ mhyy
m]*"*'l:l—fl.r!!-mlﬂ'“ﬂ -Hh-lﬂ#m
from which m,, m,, and m, can be cvaluated.
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(- Directmethod
Indmertmethod sfficiencyizcalonlstedioran on-rebeat(WEH unitssfollovar

M{Euthllp}'uﬁ.‘mhhﬂnhljmﬁmdwm}
Heatsupphied
h-mx-'ﬂ'."n{l". ~F bt Con T T
b —_— -
"1 maCT |
where
mp=stesmflowTate
Crp=specificheatof steam
T =sapethegsieamismper s e
T =matwationseamtemperatre
ity =latenthestofvapourization
I =inlettemperature offesdwater
my= mass of fizel burn
CV=calonficvatuecf fusl K1'Kg
it Indirectoriorsesmathod
Efficiency=100% —Lossss
ThesdrantapecfhizmethodisthateveniBomasmorsarepr e entinmeasmement iwillnot
altertheeficiencydrastically

ACCESSORIESFORTHESTEAMGENERATCR
Boiler accessones are the apphances that enmure the mproved efficiency of a boler.
Bouleraccessories may be mstalled erther mmde or cutside 2 boler.

Mosteommonlvusedbeileraccessoriesaretbefollowing.

|. Ecomomizer

2. Superheater

3. Anprehester

4, Feedwaterpamp

5, Pressareyeducingvalve

6. Steamtrap

1. Steamyeparator
Thefmctionofalltbeaccessoriesisbriclvdiscussedbelow.

1. Ecomomtizer
The finction of the ecomomirer is to recover a portion of heat of the exhaust pases before the
flue passsemterthechimnevanddischarged totheatmosphere Thesoon omizerisplacedinghe
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path of the foe z25es in between the boiler exit and entrvio the chimmey, Feed water coming
from thefeed pumpwhen passed through theecononuzer tubss absorbs thehestm theexhaust

pates. This meTeases thetempershureof water entermg theboder. Duetothehigh temperahme
-::ﬂi::d'n‘dvm' fisel consumphion reduces, and thimnereases theoverall eficiencyoftheboiler.

£ Superkeater

The fimction of the saperheater 13 to inorease the temperature of steam above s saturation
temperature Asheat contrinedin unitmass cfsuperheatedsteamismorethan dryzaturated or wet
steam, it i5 used extensivelyin steam power planis, Steam from the boaler dram 13 passed
throughsuperheatertubes Superheatertubesareplacedinthefirnacealon gthepassagecfiine gases.
Temperature of steam ix thae raised above the whration temperaturs.

3. Afrpreheater

Thefmetion  ofthesrheatenistorecover theheat ofsporhon  ofexhaustfiuegaseabaforeths
ﬂugaum‘tuﬁmhmn Ihq:hmﬂdmgﬂlqnuagmﬂhmhmmtﬂmgumh&m fhe
economizer and the chimney.

Air from the h:eddnugjl fan is passed over the prehester tubes that contain fue gases.
Temperstureofsir 1mncreased, andthishigh-temperaturear  entersthefomace, Duddn@lﬂ
artemperature, comburionofthefiel becomesrapidan dfel consumphonbec omealess. This
mereases the overall efficency of the botler Two types of ar heaters ave peneralhused

) Tubulgrorrecuperaiiveairprenesisr
Thistype ofar preheater 15 composed ofsteel tubes through whichhot flue gases Sow. A 1
made to crculate over these steel tubes and thus gaims heat

(I} Regenerorhagirprahasior

Thistype ofurpreheaterconsists  ofarctorthatturnsatabout?—3rpm Therotorisfilledwith thin
cormugated metal elements. Hot pases pass fhrough one-half of the Beater and air throuzh fhe
piher balfl Astherotor turns, theheat storage elementstransfer theheataboorbed from the hot
E2tes o the meoeing sir.

4. Feedwaterpump

Thefimenonofthefeedpumpestopumpwaterathighpressuretothewater  spacecfthebailer drum.
Meny types of feed pumps are msed

¥ Rotarypump:

Thevaresitherdrivenbralectricmotorsorsmallsteamturbmes Watenzpaompedduetorotary  achon
of the mopeller

(i} Reciprocatingpump:

They are contmuously nm by steam from the same boiler to which the water 15 fod. Water s
pumped by reciprocaticg action

4. Presure-reducingvaie

Thefinctionofthepressure-reducinevalverstomamtamconstantpressurecathedelwervside  ofthe
valve with the fuctustingboiler pressure Whenever the steam demandisfluctusting, i
becomesvervdifficulitomamiamui formpressure Insocheases spressure-reducingvalvels
connected to the steam supply line.
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& Seamirgp

Thefunction ofsteamtrapstodramoffivaterresultingfromthepartialcondensation ofsteam m the
steam pipe lines and jackets without allowing the steam to escape through it Water collacted
in the steam pipe bnes results in bammenng, thereby damaging the pipslimes and
jounts. Twntypesofiteamtrapsaregeneralhused (1uckettvpecrfioattypeandin thenmal
ERpAnICN TTE

7. Sleamieporaior

The fimetion of the steam separator is fo separste the water parficles in mrpension that are
carmied by the steam commng from the boiler. I suspended water particles enter the turbine or
enping hevcausesrononandeorrosionoftladessndotherparts Msalwavsinstalledasclese 1o the
engine of urbine a5 possible on the main pipelme.

SuperheatersArrangement

cmmg 3 i .S'ﬂqﬂ:ilﬂtlﬂg
mm#%thﬁnmunﬂmmﬂnmm m:dnmﬁ-:n mﬂmhal stagesofihe

Fa A 185 upemesenimasgam el



Fig. J A4t TypeliantDoliacir

are lmed with lead and rubber, respectively. The spray nozzles @re umally made of vifrified
materials. The efficiency of this system 1 sbout 90 per cent, but it 1z susceptible to comosion
and requires & large quantity of water.

ElectncalDustCollector{ Electrostatic Precipitators)

With strmgent air quatthresiriction bvthe governments, emmorttyof thepower plants in the
watldisseslectrosiaticpres ipitaiors(ESPsifordustremoal AnE SPcanhandlelarpevolumes  of
flue pases accompamied low pressure drop and high collechion efficiency(®0.5 par cent), |t
facilitates easy removal of dust particles,

Frgure 3.43 shown 2 general amangement of an ESP. It consists of two sets of electrodes:
hmwﬁcﬂwﬂm and collecting electrode In the case of & fwbular-fype
precipitator emittmselecirodesareplacedinthecentreofthepipewhercasinthecaseofpiate-  fipe
precipitator, emitting electrodes are placed midwaybetween the oo plates. The emutting
electrodesareconnected  tomegative  polamtyofhigh-voitage(20-100kY ) DCsource Thecol-
lectmg electrodes are comnected to the posttive polanty of the source and sarthed.

Whenhighvoltageisapplied iteeneratesaumidirecti cnalnen-uniformelectnicfieldhavine

Ereater magnitude at the discharge electrodes, This results i 2 blus lumincous glow, called a

around them. This corona is an ndication of negatively charged ionized gas molecules

that wave! from dischargeelectrodes togroumded collection electrodes. Thedmtparticlestine get

deposited on the collector electrodes and lose their charge. The remaming dust particles cling

tothe electrode surface due toelectricalrenstivaty, andareremoved byrapping the elec- trodes
Using rappmg motors.

Workmgprnciple
The principal compopents of ESPs are two sz of eectrodes a5 shownin Figare 344
Thefirstzzteomprisesrowsofelectricallvgroun dedveriicalparallelplantz calledeollection
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Fig 3 34 5 oevatlimangemanicianE SR

electrodes. The gas to be cleaned flows between these plates. The second set. called dis-charge
electrodes, consist of wires. These ae located ceatrafly between cach pair of parallel plms
Thewirescamy aunidirectional negatively chargedhigh-voltape(betweenlland 100 kW) current
from an external source Thiz gemerates 3 non moiform, umidmectional elec-ic field with
grester magnitude near the discharge electrodes. When the woltage 1 hizh
enoush abluelummousglow cafledcorona isproducedaroundthem Ifsmmdication of negatively
charged zas ions. These ions travel from the wirss to the groundsd collaction lactrodes due o
the presence of strong electnic fiald befween tham.

Electncal forces in thecorona accelerstethe free electronspresent m theges, which m tum
iomizethegasmaolecules formmendditionalelectron sandpomtrveganons. Theneaelectrons m fom

Again ionize e pas ions and this chain reschion continaes.

Gharging S Coeding
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mraes
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Thevesonznpratetothensganvelveharpedwiraslesrodes Thedectronsfollowtheelscmefisld

Theveions ntléfrdﬁgalmgdnrhi‘:ﬁ.ddlhm colidewath theparticulatematterm thegas and
charge them with negstve potentinl The particles afler acquinng sufficient charge move
towards the prounded electrodes

Migraticevelocityisgiventy
29510 pESd
By
wherep  afimctionofparticledielectricoonstant
150 24
E  apphedvoliage,
§ distancebetneenchargmgandeollectmgelectrodes
d particlediameter, m

5 pasvistositvkpm s

When theparticlescollecton  thegroundedplates thevlosether  charpetopround Theelectri-
calresistivitvcauses calypartil dischargine.  Highresistivityresultsinholdingofchar pesand
increasestheforcesholdingtheparhiclestotheplateslowresistivitiresultsin - quickgroundmg  of
charges and hence re-enframmng of particles.

When dust butldsup on the plates. 1t depomts in a lever of mereased thickness. Thimeslts
inpoasitlere-entrvintothegassireamunlessperodicallyremoved Thisisdonebyrappmethe  plates
50 a5 o cause shock vibrations that shake the dust inte the hoppers &t the bottom of the
precipitaior. The discharging and rapping processs are shown m Figme 3.43
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SootBlowers
Theproducts ofcombustion namely, dust soot, particulates flyash carbon ash (cinder), ete.,
clngtothewatertibes, economizer tubes, air prehestertubes andmperheater tubes Thisresults in
reduced heatiransferandboilerefficiency Hence, thesedepositsshouldbe regularhyresnoved
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throughthectherhalfin counter flow, The
elementsoftherotor  fallmgn  thegaspor.
tiom are heated: mdnim move on, they

pamﬂumghlhmimpmhmmﬂrm
i _— ferheattotheair Thas aliemalviherpass
fromthegasssdetothearsdeandihebeat
P HFin‘edrHener fromgasesmtranaferredtoar{Fipare®.31).

BOILERMOUNTINGS

Botler mountings aretheexternalfittmesthatarersquiredtomsresafaoperatinoftheborler.
Thesearenscessarito regulate thesteam flow, tomeasarecertain parameters of water and

steam, ete. The essential boiler mountings are 25 fellows:

1. Water-lsvelindecatorsiioonumbers)
Pressuregauge

Steamstop valveor poctionvalve
Feedcheckvalve

Blows domovabeorblow- offeock
Fusitlephag

Safebrvalvesiwo oumbes)

Tke fmcbon of all there mountngs are
deacribed balow.

T

Waler-Levelindicalor

Thefunchonofthewater-levelindicatons  to
mdicate the level of water mude the bother
drumatanymvenmstant Twowater-level




indizators (one serves as 3 standby) are fited af the font
of the batler drum. The boter operator keepa track of
water level mthedrumandoperatesthefeedpumpasper the

to maintain & constant level (shout half) of
water mside the drum (Figare 5.32)

PressureGauge

The function of the pressure sauge is 10 indicatethe
steampresswemsidetheboiler druminbarcnmkef cm-
orinkN/m-gaugepressure 1thebolensfittedwith 2
superheater, one more pressure gauge fitted fo the
sipetheater header indicates the superheated steam
pressure 3 AWy Ziven instant As the gauge pressure i3
ahways sbove stmosphenic pressure, its value should be
added to the stmosphenc preswre i order fo know the
absalute pressure (Figure 3330

SteamStopValveorJunchionValve

Sreamsiopvaive or jwnctiomeaive are essemtially
thesame. Conventionally stopvalvesaresmaller m
mre, whereasimetion valvesarelarger When the
valve s mommbed om the topmost portion of
thestagmdrum normalhthevalveizcallediume - fon
vatve. If 1t 13 commected m the stesm pipe to
regulatethe flowof steam the valve is known as
sm;um‘u

The fimction of the steam siop valve or junc-
tiom vadve 1 to shat off the stesm flow or toreg.
ulste the steam flow as per the requirement or
demand (Figure 5.34).

FeedCheckValve

Feedchecicvalveregulatesthaflowoifeadwater
underpressuretothebotler drum Fhsessentially a
one-vavialveandalioes  water tn-ﬂwmulun
onedirection thatis fowardsthebailasdrum No

waterflowebackfromthebmlerdrom leonamtz
oftwovalvesunttedtogetiher Cmevalverssubates

SleamGeneatard 13

Fig 5. M5 leem Biepi s

foperates by poeumatic pressure) water rushing back from fhe bodler (Figars 3350
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Fig. 5.5 erdCheck Vale

Blow-DownValve or
Blow-0Off-Cock

Thefunetenoffheblow-dovmualvenr
blow-offeociastoremovethashudgeor
redimenteeollectedatthebottomotthe
bailerdrom fromtim stotme Whenever
boiler cleaning and inspection are due
water mads the tubes znd m the boiler
drum can be completely dramed by

vahe Penodic
blow-down 15 necessary to hmit or to
conired the disolved mpurities in the
feed waler (Figore 5.38),




SlamGeneatard 15

FusiblePlug
The function of the fomble plog isto protect thefirebox crown plate or fire tube from bumme
due to excessve heatmg Thes usuallvhappens when the water level inndethe drum becomes
toclowandiheshellanderownplatearsdirectlvexposedtosteamspace Thepunmetalfissible
plugfittedtothecrownplatemeliziftheshellofthecrownphteizoverheatedandhen ceallows
remaining weater mudatheshelltofll m thefumace Thiz extmguishes thefiren thefimmace, and
hence prevents further damages (Figure 537}

Hodcagurmsdal Disg

Fusitia
sl Haxppeal
Gunmets eyl
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SafetyValves
The fimction of te =afety valve 13 to prevent the excessive geam pressure masde the bober
drmmenceedingthe designpressre Whenthepressuremudethebonlerdrumencesds
theratedpressire hesafehvalveaniomaticallyopensanddischarpesthesteamto the atmosphere
tll normal working pressure is retaimed This siusbion anseswhensverfimmace temperatire
Increases causing excessive heat transfer or whenever steam demand suddenty drops
Twotypesofiafetyvalvesareusedmpractice.

These valves are used m menne or loccmotive botlers where there are chances of sudden jerk
or vibration (Freure 3.38)

2 Deadwelizhtypltvahe

Thesevalvesareusedonbin  stationsrvbodlerssuchas] sncashireboiler  orother  lowe-capacity
buﬂmluﬂmdnmlhmq:wud:tummudximmdhcﬂmkwmnmdﬁmmﬂduﬂ
weights acting on the valve.
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QUESTIONS

ObsectiveCQuestions
. The femperatars — sntropy diagram for 3 steams turnes power plant cperaling oa the Rialose svcle

withrehestandrezensrativefeadhasimeisshonmsthef neesrenbel ow [iwdenctesthefraction of steam

bisd fiox feed heabmz the woak developed in the horbine per ologram st=am enfenng the frbins 2
e s




DraughtSystem

Irtmouctorindrauntisysion Chirmmoys

Alsndsupphysystems natusimachan-cal Calcfationsimavingfeiphiolchimneyto
draughisystems) produceagivendraught

INTRODUCTIONTODRAUGHTSYSTEM

Boiler draught is thepressure difference required fomaintain constant fow of air miothe fi-

naceandtodischargethefluegasestotheatmospherethroughachmmmey Thus, boaler draught 1= one
uft'hum-:u:tmmhal n'!m::nflﬂlumul plm!.
randioexperinets 1 -u mﬁ_h‘l‘l.]’_

Twhughlu:—?ehﬂntudhmhimnmhﬂﬂmmﬁm i
mﬁ%ﬂ“m air heater, sie. ~ head Ioss in the

ie H=H-H+H+H.
AIRANDSUPPLY SYSTEMS (NATURALMECHANICAL DRAUGHT
SYSTEMS)

Boilerdranghtispenerstedirusmgchmney, fon stesmpetorairyet oracombinshion  oftoth. Based
on this, draught i classfied as follows:

W

haroraiaraught .ﬁnl-:aatu-a.gﬂ
(e g Chimney draugh) dtgF-ngH.]







DrangrtSysbenidil

I Netwraldraught

Naturaldranshhisproducedirmaionpuseofachimney. Achmmesverticalinbularstructure
thatismadeupofbrick sedoreinforesdeoncrete Thedraughtprodocedinthe chimnevis  dusto
thediffer encemtemperstarecfhotfivegasesinsdeth echimneyvandthestm osph encair Tnaddi-

tiom theheighiofthechimnevabovethefumacegrate, weatherconditionsan dhoiler -operating
conditionsalsohave conmderable effect on the amount ofnatiral dramght (Figure 7.1)

iy

Fig. 7. AWairailraugh!

£ Ariitelalormechantcaldraugart

Thistypeofdraushhspreferredwhen thedmaughtproducedbnthechimnevisnotufficientor when a
certain  draughtistchemaintainedirespective  ofdtmosphenictemperature. In modern  high-
presaure bodlers, theuse of ecomomizers, superheaters and air preheaters reduces the exit
ﬂmwmm&} However ﬂumm]dnu:mm:mmaﬂmrhadﬂ—
chimnevean beconsiderabhvteduced. Mechanicaldaughtisoftwotypes: forcedandinduced

) Forcadirought

In theforoed dranght(FDY) system (Figare7.2)a blower mmstallednear thebasecfthebouler that
bBlows air into the furnace. The pressare of air throughout s path is above atmospheric
pressure This svsiem also uses a chimpey to discharge hot flus gases mio the amosphere,

Boiar Toatmosphare
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(i Indvceddrausiy
In the mduced draught (ID) rystem, the blower 15 myialled near the baze of the chirmeyso as
tofacilitateschingoffiuegases - fromthefirnace Thus pressureinmdethefiomacersrednced - below
atmospheric pressure, nducing outside sir mto the frnace. The heat in exbaust zases can be
recovered as much as posmble by insfalling an e prebeater and ecopomizer along the gas
flow path. As the draught produced m this system 1= mdependant of fue gas temperature. care
should be taken such thatthe fin handles pasatitslowest possible temperature. Thetotal drasi
produced &y the fystem it equal to the sum of the fim and chimney draughts

However, whenthefurmacedoorsareopenedfor firinzpurposs, theair from outsiderushes mto

(Gl Baianceddraughr
Abalanceddraughtevstem(FigareT. Fcombimesthefestureso fF DandID InthecasecfFD,
whenthafimnaced corsarecpened high-preamreatrrushesomtmdeanderenblonzontthefire
entirely InthecaspofID whenthefarnacedoorsareopened stmosphericamentersthefiurnace and
causss an imbalanee i the draught This difficulty is overcome by wang Salanead drawelt
Inthissvstem anFDfnmstalledn cartheboilerhelpsimovercominptheresistanceof fiuel bed
bysupphing sufficient air for combustion An [Din matallednear thechimnevbase removes the
flue gasesthat comefromthefinace allowmg thefornacepressmuretobemam-

Testmoaphere

FigT 3B ainesalraugnt
3. Sleamjerdraushi
U Induceddraughi

This type of dranght 13 need in & bealer for & locomotive. When the locomotive is siafionary,
steam penerated m the botler ix fod to the smoke box throush the nozzles to create draghs.
When the locomoedive moves, sir enters through the dampers and makes its way through the
grate and smoke box. In addition, exhaust steam from the enpime ovlmder 15 uitlized 1o creste
the ID) by pasaing it through the steam nozzle m the smole box (Fugare 7.4).
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Stparriasre
Eshausizieamfromengnerginde
Fig 7 A dwse d5ream JetDraupht
(i Forceddronght

Thus type of draught 1z also known a3 aerbine droughe (Figare 7.5). In fhas case, steam
fromthebotler 13 throttied toa pressureofl i1 bar and passed through & senes cfoszles fitted
to a diffuser pape. The hagh-velocity steam that comes out from the nozzle drags the ax
column aleag with if, thereby oreating a suction. Fresh air from cutwde enters the diffuser
pipe. The kimetic energy of air and steam mixture i converted mio pressurs epergy forcmg aiy
through thecoalbedtothefimmace However, steampetdraughtisusedoniyasabooster in conponction
mﬂ:&lm&ihmzh:.

-—F
%—ﬁ
e

Fig.T BFomechian Dipughior Trdinelimaght
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CompariionoiForcedandlnducedPranghts
Thaadvantsesofthefarcedd raughtovartheinduceddragshisrelismdhalay:

L Thesprs snd power reguaired By the (ndussd draushe fen s mors than e Greed draushe
beczaze the indaced draught fan kandles sore games (zir and fuel] and ot elevazed temperaturs.
The vobame of the g2= handi=ad by indaced draught 5= b5 much larger thas e vohurs handsd
by forced dreupht fan dies i hish temperssune of the pases, thaesfnrs vae sizs pFinduced draught
fan 35 1.3 imes the sise of forresd dramaht S

1. Water cooled bearings sre required for imduced dranght fan to withswand the high
tEmpEratEres of U Sas e

3. Thersisnochanceofzmisakageinthefurnapewithiorceddraughasthepresiure  immds 1o
Furmace = above amnpephanie pressere. There is contisnous [2akags of ale n the fumace with
indused dramght a5 the prestare ipxide the fiimace v ks+s than the stmospheric presssre. Thiv
dilytes the combastion

4. The flow of s theoogh the prete 3md Gomame & mors uniform and o peneTases
bemermtothefirebsdwhenforcsddraughnsused. Thebettmrpenemanoncisirthroaghthefusl  bed
and unifarm Sow improves the rate of hornins,

E. When the doces are opened fior femps in crde of induced drgeht Bie, there will be rush of
ransmasneneffiziencrofthe surface

1.12 SUPERHEATERS



3.43. Steam Turbines

Steam turbine is a heat engine which uses the heat energy
stored in steam and performs work. The main parts of a steam
turbine are as follows '

({1 A rotor on the circumference of which a series of blades or
buckets are attached. To a great extent the performance of the
turbine depends upon the design a:d construction of blades. The
blades should be so designed that they are able to withstand the
action of steam and the contrifugal orce caused by high speed. As
the steam pressure drops the length and size of blades should be
increased in order o accommedate the increase in volume, The
various materials used for the construction of blades depend wpon
the conditions under which they operate. Steel or alloys are the
matenals generally used.

(e Bearing to support the shaft

(eee) Metallie :u.inn which surrounds blades, nozzles, rotor ete.
(ee') Governor to control the speed.

(i} Lubricating oil system.

Steam from nozzles is directed against blades thus eausing the
rotation. The steam attaina high velocity during its expansion in
nozzles and this velocity energy of the steam is converted into
mechanical energy by the turbine. As a thermal prime mover, the
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thermal efficiency of turbine is the usual work energy appearing as
shaft power presented as a percentage of the heat encrgy available,
High pressure steam is sent in through the throttle valve of the
turbine. From it comes torque energy at the shaft, exhaust steam,
extracted steam, mechanical friction ind radiation.

Depending upon the methods of using steam, arrangement and
construction of blades, nozzle and steam passages, the steam tur-
bines can be classified as follows ;
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SIMPLEIMPULSETURBINES

FlowThroughTurbineBladesandVielocityDiagram

Figure 10.3 shows 2 single-stage mmpulse torbme. It consists of 2 set of nozzles and moving
blades. High-pressure steam at bouler pressure poemters the norzles and expands m i Due fo
the expannon, steam pressure drope to condenser pressure p. entwely m the norzle itself as
regresented bythecurve FQ. Thﬂmﬂhnmnnmmthﬁnuhcmg}trﬁhmﬂ
thesteamleaves thenoztleatavervhigh velocityT. Itcanbe cbserved thatthefinal velonity of
ﬁ.manlnumﬂtmmkmhmdd:@agm in themeving Blades. This i because the
moving Mades absorh the knetic energy of the blades, However, the final velocuy ) is much
higher than themitial velocity F. The sfeam pressweremains comstant throughout afier
expanzion I the moving blades = mdicated by the straight line O

Eglersiaamn
Exhaust
Turtnebiade
Tirmnewhes
Shaf
Meia
Bals prestge (5
P
Forssl welpcity of sieam W)
_ _ Condentepriasuralp)
Inismlvelooity &
ofsteami L (4

Fig A0 345 ke, Singam puisa Turming

CompoundingofSteamTurbunes

Ifthe steam pressure drops from boiler pressure 1o condenser pressure in a smgle stage. exit
velecitvofteam fromthenorewillbecomevervhizh, andtheturbinsspeedwillbe of the
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order of30,000vpen or move. Asturbmespesd ispropormional tosfeam velooty, therarryover lozs
of leavirg Jozs wall be more (10-12 per cent). Due to this very lugh speed, centrifugal stresses
are developed on the hobme blader resultmg m biade forfere. To overcome all these
difficulties, it 1z necessary to reduce the turbme speed by the method of compoundmeg.
Compounding ibheme thadafredue ng blades peedforashenaveralipresiuredrop.
Compoundmgofsieamturbimesizdoneiribefollovmgmethods
PrassureCompocnoedimpase Torbives

I o mamber of simple Iprle stapes are ciubbed fogather, fen the arrarmemar! i mown o
presrure compaunding. The amrangement contams one row of fixed blades or nozzles at the

entryofeach rowofinovinghlades Thetotal pressoredropdoemottske placem thefirstrow of
m..":du..hﬁudﬂﬂuqumﬂt between all themorzdes as shown m Figure 104

Y

¥ \ 1 |

Fig 40, 44 5imple Peepgar=C omoounoedimpoaite Turnine

Thesteam fromtheboiler iz passed through thefirstset offixednozzlesbladesin which ins
ded. Thesteamthen passesover thefirsfrowofmovingblades whereatmostall on
ml-:rnhud]m'had. This complete expan=on uimamumﬂm In the mext stage, the
sl.uumgm exntersthesecond set of fixed norzies mndpartiallyexpands and enters themoving
Blades: Agam the stexm velomitis absorbed, This procss contipmes ll thesteamreaches the
CONdEnser pressure, p..
Due to precsure compownding, a smatler transformation of heat energy o kimetic energy
taker place. Hence. steam velocities become much lowes and reduce the biade velocities and
rotational spesd.
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VelociyCompoundedimpuiss Tutines
A mmple velocttycompounded mmpalse turbmers shown m Figure 10.5. B conmats of & set of
pozzles andarotating wheal fited with twoor morsrows of moving Hades: Onerow offined
Blades berween themoving blades directs steam from the nozzle over the moving Mades,

The steam from the boiler expands m the nozzle and enters the first row of the moving
blades. A portion of lonetic energy 1 absarbed by the blades before pasmng over the fixed
Hﬂdﬂugmﬂ:bh&mvdmh'ﬂ:dlﬂuﬂmpuzmduﬁn&mhdmutumﬂmmﬂmmmd row of
the movingblades Sesndoss workenthe sscondrow of the movingblades losing s kinetic
energy and Jeaves axiafly with residual velocsty 7o Due to this, the rolor  spesd
decreasescon nderably.

v A Epecthioiume
El ottt | HEdes B
FK:_..——-—-'

] |

Figikd  ASmpt ol Gompundednpuss Tirhng

Advantagesanddisadvantagesafielociticompowndng Advamages
(1) Duetolarzeenthalpvdrop, thepressuredropin thenorzle” sfirststagesalsolarge. This reduces

sress in the harbine bousing

(1) Veloaty compoundmp prmoiple leads to a relativel large number of enthalpy drop per
stape Hence, fewer number of stages are required, which Teads 1o low initial cost

(1) Withasmglerow steamtemperaturensedisabont 300°C whichishishenough for
ordmancastiromtowithstand Brosingtworons, thesteambem parabursisalsolow-
eredandordinanyCleanbensed providedsteamchestisoonsructedusingstanles sl

() Due tofenernumberofiages spacerequiradisless.
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Disadfvarrages
(1) Spectfic volumacf steam contmucusbrmeresses with morenumber ofitages, mmposmg
hmatons to blade desipm.
(i) Frictonlcsserbecome higherdue tobigh.velocitysteamatths bladeoutiet
(i) Azsnihalpydrop per dapeislarge, efficiencyratiodecreases with increasednumber of
rows a3 shown m Figere 10.6.

D)
-z

Stgestficenoy
5 B OB
—
E%

1] iR oz 03 a4 g os L1
Spesdrabo,p ———s
Fig 1LEYarsfos o Slage Efivens i B pe e el

(iv) Asthe work done per kilogram of steam decreases progressively withthe numberof
stapes. space, matenal cost and imstial cost add up.

Prassum-VeloofCompounding

[f pressore and welockty  arcbothoompoundedusing  twoormorenEnberofsfageste
hevmgasenssamangementofimplevelocitroompoundedhurbinesonthesameshaft it 13 Imown a3
pressre-velocity compoundme In this hpe of tortbine hoth pressame com-
poundingandveloaty compoundinsmethodsareused. Thetotalpressuredropofthe  steam s
divided imto Two stages, aod the velocity obiamed m oeach Hage islzocom-
pounded Pressuredropoceursonty mnorzlesand rempmiconstantthroughout  Aspres.

saredropisiargemeachstage onhafoustagesarenscessary. Thismabeatheturbme

muorecompactthantheathertwotypes Presare—~eloatycompoundimp(Figurell7hs  used m

Curths furbine
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Impulse TurbinePowerandRelatedCalculations

Singia-Stsoedmpuize Turing
The essential parts of an impulse steam turbine are nozzles and blades. Steam expands i the
nezzles producing hgh-velocity jet af the nozzle exit. Blades change the direction and hence
momentum of the pet of steam. The force produced due to change m momentum propels the
blades. Hence. mtisofprimaryinterest Mm:tﬂhqtupullmzﬁmﬁ]:m;appﬂmdﬂﬂ:m bine
robar. As force 15 doe tockaise in momei-
funt cansed by chanpe in direction of steam,
the varistion of steam velocity can be studied
by drawing the velocity trangles. Impuolse
force actmpon theblades can be calculatedm
theplanesfrotation  ofbladestanpentialtothe
turbinerumnner

Figze 108 showe thevelocrbndia

an i:lg:'nl_ﬂ' mrding. Due to the npmm
steam @ nozzlea, stemm comes out with an
absolute velocity 7 o an angle o, with the
plane of mowving blades. If the blade
velocityisrepresentadbyy themtherelativeveloc
i
L;ﬁlmm“ithlmmﬂlﬂmmgilﬁ. A
steamflowsovertheblades, therelathveveloc-
ity remaisca s iamnforanimpe e nrding, Fig. B8 ocil Disgrardmanimpiin Turbns

I"I.1—|-




HiPavePhniEngineering

HeheatFactor
Rsheatfactonizsdefinedastheratioofeomulstveenthalpriroptoadiabeticenthalprdrop:
7= Cumulativesathalpydrog
" Admbaticenthalpydrop
A1 B#d B
A0
RFJ"" ]
e

Thavalueofrebeatficiordependsonibelrbinestagesificisncy, intiakandfinal pressureand
superhest The value of Ay ranges from 102 1.06

Internal TurbineEfficiency
Internaltorbineefficiencyisde finedastheratioofsmnofactualenthalpvdropneachstazsto adiabatic
enthalpy drop:

m_&mnﬁﬂhﬂ!_uihl_lpydmﬁumhﬂg!
Adiabaticanthalpydrop
A OOt
4D
_ACdiCot
C h
ACtdlrt,, AiBi+d:Brt.
AB+d B h,
LE, n=r.xks )

@)

10.7GOVERNINGOFTURBINES

A governor 18 & device uzed to maimtin conitant speed of the furbme arespective of the foad
zpplied fo it Figure 10.17 shows & centrifisgal fiyhall-type governor. When the load on the
turbineisdeduced speedaftheturbmemeraases Thisesultun anincreasedoentrifigalforce,
throwingtheflyvballzapan, awayomibeshafcentreline Dustothis, theslesveraizs cauzing
themamvatvetoclose, viathefulcnmmandihelever  attachedtothesleeve Thisreducesstearm  flow
rate fo the turbime.

In m oil-operated servo system (see Fipure 10.17), the force exerted by the povernor is
amplifisdtomoveafrichonlesspilotvalve controflinsheflowoicilimicapiston Thispision
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operates with the high-pressure ml supphed to the governor valve m the desred postion,
therebnregulahing the flow. The speed chanpe of the povernor from full-load condihon tono-
Tead condition varies between 3 and 4 per cent. The percentage change m regulated speed is
given by the following equation:

N\
*echangemreguiatedspesd= {;: B }

where\=rpend atratedspend
= spesd atno-load condition
7= Speedatfull-loadcondition

Fourdiferentmethodsarearailableforporvemninsasteamturbine Thevarethrotlesovernme,

porzls contrel poverning, bvpass governing and emergency governing These are discussed
below in detail

{. Throttlegovarning
Power available at the shait, P iz pven byP = INNT, where T is thetorqueand N 15 the shaft
speed m revolutions per second. From the above equation, 1t 15 evident that as load decreases,
the shaft speed mcreases. As the mam walve 18 closed partaily to mamtam the speed. power
penerated bythe turbme decreases. Due to this restricted eatrvof the steam steam i3 throttled
from the initeal pressure of pete oy, Due to this, the enthalpy drop redaces from (k- &) 1o
U Ack The stesm consumption Teduwces farther when the throtile valve is closed further,
extablising & Imear relatinship. Usng Willan“s Ime method, steam consompbion rate m the
turbine 15 given by the followang equation:

m=g+bl
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whﬂu:mammmpummmm:,kgs

Fig. #L 18 ThroiteGovemar

Thethrottlevaheimmedtoreguiatesteam  flowdurmpthestartandstopofiheturbme. In big. ger
turbines, the stop valve s bydraubically operated, whereas m smaller torbunes, of conld be
manually operated Fipure 10,18 shows a throttle poverning svstem

2 MNoziecontrol governing

The major Emitation of throfile poverning is that the turbine efficiency reduces at low loads.
Mezzlecontrol governingiss better optice im thissase Asshown in Figarel(, 19 thenozzles
arearranged i sets, each set being coutrolled bva separatevahve. When load on thetorbmers
decreasad, the comespondmg set of nozzies may be shut off

Fig MU Stimzze ConraiGoveming
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. Bypavgoverning

Wheretherequremerhsmore  forpower, addibonal steam  1ssupphedtotheturbinebnproviding
bvpass valves. Thisis usualhvdoneat thelater stages oftheturbine, andin & throttle-governed
turbine a5 shown in Figure 1020

L
e |

Fig. #1206 ypassboveming

4, Emersencygovernor

An emergency governor beips m tppme (stoppmg the turbme) when the turbme overspeeds
(110per centofitsratedspeedior thelubrication svstemfailscr when balancmeofthesystem
isimpropsr oroondenssr vacuumisdisturbed(lessh Abvpical emergsacyiripsysiem contains a
pin or weight placed on the turbine thafi, scting agems a spring pressure. Durmg normal
operation, the cemtrifugal force acting onthe pm 18 opposed by the sprng presmure. Bevondthe
mmmﬁemhﬂhuhmudmﬁ:mglhepumm&ueh
gnkingatrigger Dustothisachion thespringel csesthestopvalve, shuttingdown theturbine.

10.8QUESTIONS

10.8.10bjective Questions

1 Astepmburbinecomparedicesisamensnahas i ime
(ajinghapowaropweight
: S T
(eihighampantcadeffinamoandeovarioad afficeney
{d)Allofbeabone
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1.6 3Condancors

1. Imtroducton
Asteamncoedsmenisaciosed  wesrebobowhichthe steamisexhaspsmedand condemsed after
doimpverkimnenpnecindaorturbiss Astsamcondenseriasthafollowingovookiects: The  sisam
pandensing plant iz shewn in Fizaes 118

1. The primary obésct {5 1o mainrais  bow presoune (helow gnospheric poessins] 36 & o
chzinths mamenepossibemmergy romreamandthustoseorsa higheficiency.

2. Tha secomdary chiject ix mpp}gpwlﬁldmm'&lhutuﬂﬁumwiﬂrtlrpmpd
bad w tha bolar,

mmlwmmllmmww:mmﬂmm“mm“m
canfeae wil have s spuiderabie Hgad hage

& Clhasification

The steam condessery may be Broadly dassified in wo the followins meio trpes; dependins uson
the way =2 whick the steeer ir condenzed:

A [etzondensersorminngiypecond ensers and

B. Sirfamscondarsorsoenon-mirmghpecondensars.
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A. [etCondensers

These days. the st eondansers are feldom used becanse there 15 5o boay of condensate during
the process of condenssricn and Migh power requiremante for the pumps wied, Mareover, the
condenzate annot be med 2 feedwater to the boiler a5 it @5 not fres from it Howewer, ot
comdsnseTs may be wied &1 places whers waier of good qualicy &5 easily amailabls in maficent
Geamty

TypesalfferCondensers
The jea condenssrs may he fiother desified, on the hassy of the direction of fow of the
condersateandika srrangementafthebabingrrtem i to the followirgiourtypes:

1. Parzlletflowijeccondonser.

I Courterfoworioniavelpetrondenser,

. Barveneirizoricghlevelhstoondemsarand

i, Ewctorcondenser

Theserondensersaradisomsed indeimilinthefoliowingpages:

ParalieiFlowletfondensers

in parallel flow jet condensers both the shiam and water erter 3t tha top and the moums is
removed from The boazom

The pnsoiple of this candenser 15 shown i Figure 1,15 The sxhatst saam i condensadwhen
it miwes up with water. The condensate, cooling water and zir Bow downwasds and dre rermoved
by two mparzte pomps kmown a3 @ir pomp and condemsepenpSometieesa tiegls pusmp
Fevorwm a5 W=t Elr pumyp., 15 also used vo remaove both @i and condansare. Bt the former ghees 3
Eramtsr vacuum. The coodentats pamg dalivers the condenssts b the het well Fam whers
sarphas water Bows to the cooling watertank throagh an overfiow pipe.
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CounterflaworLowlLevel|stCondensers
[necunrerficwariowl sveljeroadensersthearhsumssamemersarhebonmen.ficws upwards znd meen
the dawt covning codliss warsr,
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The vaewam is erested by the aie pump, plzeed a2 the pop of tes condaviser shell This draws
the sipply of cooling wates, which falls fn & barms pombee of e, throwsh pesforared
ocomicaiplatsasshowsm Figere 1. 20, Thefallizswatrrizsaneitnthetrays, romwhachitescapes in a2
second sevies of e and meety the exhaest steam sctwrimg 3¢ the bottom. The rapid
comdersriionscrussandthacondemssteandeoolingwatardescundsthrongiorercalpips  to the
condensyte pump. which delivers o the hotwell

BarometricorHighLeveljerCondensers

Thess comdensers are provided a1 3 high Jevel with = long verocal discharge pipe as shown in
Figare 1.IL [5 highk lovel jeeondsncers sshaummhamentersanhe borrom. Towsupvands and
paesrs phe doum rosine saling water | the same way 50 thar af low leve] st condesuer The
vanmam B crexted by the sir mineg, plarsd of the top of the condenser shell The mndensate and
coalieg water descemds thromgh & vertical pipe to the kot well withoerthamdefinypumpe. The
warplas water from the hot vl Sows to the cocling watsr tank through an overflow pape

b s

[n ejertor copdensars, the steam and water miz up while passing through 2 series af mets)
pomes, Watsr entsry af the tom thinongh & mumber of muide oomes, The sxheoet feam snters the
tranceted cofes. After that 1t i dragged into the dirergng cones whers it kinetic energy is
party ransformed o pressurs anergy The condensame and ‘cop@ing water 15 tham
dircharged to the bot well 35 showm in Figurs 121
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B, SurfareCondensers

& gurface condenser has 3 grear advanmags over the |2t condensers, g6 the coadepsane doss pot
iz dp with the cooling wates, A% § resiy af this, whols condsasss canhersiosdimhsboiber. Thiv
typa of condesxer i esemtial in skeps wiods @n oy only a bmited quantity of fresh water for
the ballers. 1015 alse widsly used in and insmllatons, whers inferiar water & a=ilakls or the
bemer gasliny of water Jor feed {8 to be umed sconomically,

1 LA
TR TELI A

Fomare 1.23 shows 2 fongituding] sestice of & fwo pam surface condemier. [t conizsts of a
The ends of the condenser ars cut-off by vertm! perfosated type plates mio which water fubes
are fixsd This = dons in sach & menner thar the Jeadoass of water (ptn the cesire comdensing
TpEcE 11 pravented
seamenieriathe  topandisforcedto  flowdmwnwardscverthetobesduets  thesuctonol  the
swrrastinn pumsp o1 iee hotrem. The sookng water Daws |8 e divesnsn theonsh the bxwee

Ealffthetohesandretumsinsppoaited restiantaroushthespparaalf anshonminFizure 1.23,
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TypesofSarfsceCondensers
The surfacs mﬂﬂ&lu#ﬂhﬁtdﬂﬂﬂmﬂhﬂﬁmwﬁwaﬂjﬂ
comdensete, Hue: EET afis z the
fiallouneg foar types:

:I. Donenfiwsurisoecondanser,

. Cemraifiowsarfacecoadenser,

5 fepeneratresurtacernedenserand

4 Bporanvelondenier

Thesecondensarsaredisosired md ssailinthetallowingpages

DownFlowSurtaceCondensers
La down Bow surfase condensars, the sxhsac siesm
enters gt thewopendfiow downwards overthetbes
tos 1o foroe of graonty 2z well as mction of the
iy [ R Theondensae 5
collected Bt the Bottaim snd then pumped by the
pxfraction pamp The dy sr pemp suchon pipe,
witich is promded near the bottom. 15 covered By &
baffie 5o 24 1o prevent the 2ntry of condesysd stesm
imito 1% as shown im Figure 124

As the steam Sows perpendioular to the direchon 4
cof fiow of cochng wamar [ievide the twhes) this malss R .
caliedd 3 ovoss sarface condesser :E e aa L

BT TR

CentralFlowSurfar=Condensers Fig 1.24 DowrfioaZurfaceConderser
hmﬂwmmmmmmuhmﬂm
diowmyvards Thasa i i i
Figarel.i 5 Thiscassesthersam
pipe The romdensate 5 sallesed af the bomes and then pumped by e Srtrecnen pamp The
Eﬁﬂﬂﬂﬂhﬂmtmﬂmumlﬂmﬂfﬂﬂﬁmmmmmﬂmmu

] P rdzh b rish ascoRssty  the  whols

L |
—-|ﬁn Ly

Fig 1LE5
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RegenerstiveSarfaceCondensers

[n ressnsrative sorfice cosdenser, the copdentats s heatsd by & pessnecative method The
ocondensete after leaving the tubes is passes throagh the ezhmnst steam from the engne or
tariana. It thus, reises its mmperanrs for uss &5 faedwster o the bailer.

Evaporativelondenssr

The s12am 1o be condansed enters &1 the top of @ sevies of pipes cutside of whtch 2 fiim of seld
whater ix Eallens. At the sweas Hos, 8 current of ke dreculates oves the wiater Blm cmising rasid
waporstion of some af the cooling water. A5 3 result of thes i Thamcrulstng Ends
thepipssscondansed Thersmamingcookngwateriscollemsd sanmerea s i mperanarsand G

reused I original temperaturs i pestared by the addition af the reqaisite gassmty of celd
water

Caaing - Wacm
(2

ndaspseraassarov] dedwhenthemroulaingwaten nebensedagain and z2mn.
These condensers comist of shests of pilled pipins, which s bent backwards snd forward and
Fhaced in 3 versical phans, @ shown in Figare .26

i Comparisonaf|etandSurfaceCondensors
Folipwisgrsthemporanpoinsaficomesrisonbereamstndsurcecondansers

Lha iz congansers SurfecscordemeT
1 | CosBepwasemandsssamarsetwadun, CosEssvaterand seas srenot minedup,
i Lesssusableforighmpadiyplants Mergsuzatlsforkigheapariorplants.
& | Hrequireslenngoantity of circulates water. | 1t reqoiresa larges quantytyof circulsiey
| Condonsat i eamad. | |
4 | Theosadsnslsrairtiseoun oirealard wmrhmmh |
5 | Meotaintesancepsesision, Teimngietpnas cecostinkis, |
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FunctionofaC ondenser

The primary function of the condenser i3 to condanse the exhaust steam from the turbme In
du-mgm. high-quaity feedwater can be renzed m the cycle. In addition to thos, a mmch more
mmwmumﬂ‘m}h}mmw Thisprassuregsaqual
tothesataraticnpressuracomespondingtothecond enzingpresswreofiteam, anditisafunction
nmmmmmmmmmeﬁmmmm
Bvlowermgthetirbine back pressure thecondenser increases theturbune work moreases the
plant tﬁm-nn' and reduces steam flow for 2 piven plant cutput.

ElementsofaCondensingPlant
Fipure 112 shown a schematic diasram of o modemn condensing plant Elements of such a

plantarecondenser, cond=nsatesxiractionpump, condensercaalimpowaterreciraulationpumyp,
makeup water pump, 2 ejecior pump, boiler feed pump and cooling fower,

Fig 112508 CongansingPant
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Londenser
The primaryfunction of the condenser 12 to condensesteamthat comes out of theturbine. Itis a
shell and tube heat exchanger in which beat exchanpe takes place between cold circulating
waterandhotsteam. Asberequirementofcoolingwatensextremeliarpe astzameondensing  plant
shonld be matalled near a water source.

2 Condemcamesxtraction pump

The function of the condensate extraction pump isto extract the condensate{at vacuum) from
the condenser and feed it to the hot well

3 Coolmrwalerre-circuiming pump
The fimetion of the condensate coohing water re-cmmulating pump 1 to supply cooling water
coming from the cocling tower back to the condenser.

4 Makeupwierpump
The fancticn of the makeup water pump is i supplymakeup wates fo the condenser. Makeup
water 1z neceszary to account for water loss due to leakage and evaporation.

3. Atrajeciorpump
Thefunchienoftheairejectorpumpistosjectairtathasl cakediniothecondenserthroughthe
selings Thus, it maintzins copstant vacuum in the condenser

6. Boller feeciump
Thefinction oftheboiler feedpumpistosapplvhush-pressurefeedwater totheboiler drom It s a
mults-stape centrifugal pump that operates above boiler pressure.

7. Cooling tower
Coclmgiower 1mecessarywhenever thesourceofvater mear thesteamplanhimotlargelic 2
hmhhcﬂuﬁmmuh&mmmmgﬁmﬁenmdmumh{mhu
naturallvorarhificially Inacochngtower hotcondenssterscodledbyevaporatmewatertself Due to
this, some portion of cooling water is lost to the atmosphere. This loss is compensuted by
using makeop water

CLASSIFICATICNANDTYPES OF CONDENSERS
Condensersaremambhelasmfisdmtodirect-contar tcondensersand rurfacecondensers

Cirect-ContactCondensers

Darect-contact condensers are alsp lmovn as mixing-type or jet condensers. In such type of
condensers exhanst steam coming from theturbmeminesdirectlywith thecrculating coofine
watér, Sieamcondenses infocoolingwater, Thesecondenssrs arsused wherslargequantivof
clean cooling water isavailable However, thedrawhback ofusing thesecondensersisthatpare
condensate 13 lost to the mpung water that cannot be re-crculated.
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Nowcondenser pressure=T65-720=43mmofHg (absclute)
5 50 06t
T

Fromtablessatarationtenperahrenfstesmatl) Mbar=38°C

a4
thﬂ!ﬁﬂﬂlﬂ}_‘-" IE—H.H'.-.
3R-15

Example11.4

Inacondenser  vacuumus/20mmofHz  whenthebarometerreadsT60mm Aeantemperature  of
condensatess 3.2°C. Exhaust steam thaet comes fo the condenser i 43,000 kg'h, and s dry-

ness fraction iz 0.9. Determmne the quantityofcoohngwater requiredifthe tempersturenise of
coolmg water i 12°C.

Solution
Condenzarpressuwe=160-720={mmof Hg
=053 3bar
Total heat m exhaust steam = enthalpy at condenser mlet + dryness fracthon « kxtent
bpat
= 1205092421
=238 Tk kg
Sensible heat at 32°C =134 kl'kg
Masofeoplingwater,
e LRI,
ol I-T1)
45.000( X308 7=134
4.187x1 250
=32462 08kg'min
COOLINGTOWER

Inlumpnnﬂpllm cooling towers arsused in placs of cooling ponds. ﬁn:rnlmunwutu

over the baffling devices. Air enters the towers at the bottom and flows upvards and
coolsthewater Thehotair leaves thetower atthetop Thecooled water fallsdonn imtoatank below
the tovver Fom where i can agaim be crculated to the condenser.






HIPavePhniEngiaesring

T'H'FPES
Iemodern power plants, condensate water 13 copled byvismy 2 coolingiower. Coclingtowers
are bamcally clamified a8 wet cooling fower and ary cooling tower. Further_they may eitherbe
E:ttddrmﬂﬁ{marhnmukdm&]mmmddmﬂmﬂmzm:dupmdngmhmudmf
ceoling,

WelCoodng Towers
In wet cooling towers, water and air come in dwect contact Heat in water 15 dizzipated bii)
the addition ofsenmble heat toar. (njevaporation ofa portion of re-crculated water and (m1)
addition of sensible heat 1o the water due fo terminal temperature difference.

Figure 1110 shows 2 wet cocling tower with natural draft. Hot water from the plant smrers
thedisnbuiornstemwherenaterisspravedoverhonzontalivset Alorpac king. Alrandwater
arethoroughbvmmed  befill sswater splachesdown  fromomefillleve]l  tothenexidustograr.
transfer (evaporation) between water and air k= enhanced due to intmate mixmg Water gets
cooled and is collected mn & concrete basin 2f thebotion of thetower. Hot but moist air leaves
the tower from the fop. The cold water iz re-ciculated using & pump.

Fig 1. 00 Medors Dea P O alderFiow Caln g Toaer

DnpCooling Towers
Indrvcockinptower circulatmeoater  ispassedthrough  finnedtobesovernhich  coolingains
passed Heatirejectediotheainiptheformoefensiblebeat Adrveoplingtovermaneitherbe
raturaldrafitypeorforceddrafitype Thesetvpesarechesperthamvettvpesofcoolmpowers.  Figue
11.11 shown a dwect. dry cooling towrer.
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Exhaust steam from twrbine is admitted 10 & steam hesder (o minmimize pressure drop). Steam

gets condensedasitpasses down through finnedtubes wranged inparallebrows. Heat transfer

fan The condensate collected m the receaver is re-ciroalated.

PrincipleofOperationandPerformance
Accordmgtothenatureofardranght thecoclmptowerssreclasmfiedasfollows:
(1) Atmosphersccootingtower
(1) Netmaldraughtcoolingtower
(1) Mechamesldraughtcoolingtonss
Based on the tvpe of draught mechamcal dranght cooling tower can be further clasified as
followve:
(2) Induceddraughtcoolingtower
(b} Forceddranshtcoclinstower
() Combmedinducedandforceddranshtcoclmetowers bybridcoolmztower) The
working principle of all the above types of cooling tovers is desoribad below,

1l Ammosphericconlinginue:

Fupurel1 12 chown an  stmosphenceoohngtower Thehotwatensdehveredatthstopmortiray,
aeditfalbdowndom onetravtoanother  unfildreachesthetankbelonthetower Thewatens
mﬂﬂb@mﬂnumgmmﬂhﬂm.Tmnmﬁhuﬂmﬁaﬂmg.mﬂmﬂhm@ nozzles
fom thetop Thenumber ofdecks ofiravs depends on thelead cftbeplant. This type of codling
toover 15 used only for small capacity power plants



Fig 14, 134 mcsshericCoodag Tower

(1§ Namroldrougvooling fowers

Natural draft towers are typically ghoat 120 m high, depending on fhe differential pressure
betweenthecoldoutrideairen dhehothumidaronthemndeofthetonerasthedrmoangforce.  These
tmmdnnntm&uﬁrdmng]ﬂgmﬂ:mﬂepm{hngmcﬁm&ﬁcmdnpmﬁng
requiremient condiions, selection on whether the natural or mechanical draff towers is done.
Figurs [1.13 shows a natural draught cooling tower,

Fg 1. 4 3 aturaiDraughiCocing Towar

Innaturaldranzhicoalio stowers thellowoBiroccursduethe nataral pressmehesdeansed by
density Jifference between the cold cutside air and bot humid air inside

Inthistower, Jwoodenhurdlesanddistribunin giravsareprovided forspresdm pthewsterand
forbrealometmitcsmaliparticles. Thehotwaterfrom thecondensenspumpedtoahsssht of
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O3 m and enters the tower and then gets distributed over the wood work and trays. The hot
waterthanfallsdown, andthestesmvapoursthataralightertanairmaliriseupwards Thiswll
crestmstraldreughtendsirmll enter fromthebottomofthetowerthstinopentostmosphere. The
rismg g meets the falline sprav of hot water and cools it. The hot air along wath some vapour
will [eave the tower af the top and cold water will £21l down into the pond below the tower
andget ciroulatedthrough thecondenser agaim. Waterelmminator preventsthe escape of water
particlea bythear lesvmgthetower, Thedisadvantageofnatiral draught coolmgtowar 1 that to
Pmdnrtlm'gt draught, the tower shonld by very high.

HypertoichaursiDEnCooing Tower
Hyperbolicnaturaldraft coclmetowersworkbestohen thediferencebetvren cold water and
WEBTof am{ oIz equal 0 oz gresterthanthe difference betweenhotwaterand cold water
temperatare, that 12, when spproach 12 equal 4o or greater than the cooting renge Therefore,
they are preferred when operatims condibons have low WET md high relstive hmdity.
Fipure 11.14 shows a typical kvperbolic cooling tosver

IFig 4. by e e Caling Tonaer

Although mitial oost maybe higher, theseving m fan power, longer life andiess mamtenance
are favoureble festures of ths fower.

Adhvemtages
Theadvantagesofhyperbolictowerovennechanicaliowersarelistadbalon;
(1) The hvperbohe towers have a cooling capacrty comparable with thet of mduced draft
coolmg towers, and they also requme conmiderabéy bess sround ares

(1) Smce no fans are needed. power cost and mumbary equpments sreelmmated;therefore,
operating and mamtenance costs at consequently reduced. It gives more arless trouble-
fres operation.
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(1) Hyparbohe tower's chemmey shape creates ity own drafl and ensnores efficient opsTanion
even when there is no wind.

(i) Ground fogging and warm air recirculation that are offen the most common probletmns
faced wath mechanical draft mstallations are also avowded m hyperbolic towers

(v} Thetowers mavbeas high &z 123m and [00min diameter attbebasewith thecapakil- ity of
withstandmg wmds of well over 100 mph These are more or less salf-supported
stmachmes

(v1) Theenlsrgedtopofthetowerallowswatertofalloutofuspen non
Drenwbacks

Themajordranbackzofthistonerarelistedbelow

(1) ecostiz conzsiderablyvhigh

(i} Its parformancevaries withthessasonalchappesinDB TandRH ofiir

The hyperbolic towers are almost often selected over the mechameal draft sowers under
thefollowing operatmg condrtiona:

(2} AcombnatronoflowWET andhighinletandoutletwatertemperatureemsty, that 15,
broad coohing range and long cocling approach

(b} Heatloadisheavydurngwmter.

e} Inz slsomorefavourableovermechanicabdraftascentralstaionsnze mereasez

In these towers, the draught of ar i3 produced mechamesllvbvmeans of propeller fans They
grvehigheretficiency reducespravandwindagelossesandrequmelessgroundores Mechanical — draft
towvers nse fans (ome or more) to move large quantities of air through the tower. The ax flowin
thesetowersmavhesither crossflowor counter flowwithrespect tothefallme water. In
crossflowiowers. arflowishorizontalin thefilledportion ofthetower, whereas m counter fow,
the air flow iz m the opposite direction of the falling water

Thecounter-flowtowerr squreslessfloorareathana aoeflowtowerbuhstallerforam e
capacity Thecrossfiontowershavel ow- pressuredropmrelationtothmncapactyandconmme  lower
B power, and henos have lower energy costs.

Allmechamicaltowersmustheproperhiocatedin ordertoensmathattheardifusasfrealy without
recirculation  through the tower, and that the am mtskes are not resncted Coohing
towersshouldbe locatedasnearasposmible to the refnperationsystemsthey servelf ther are
located below the refrigeration svsiem then the condenser water drains oul of the sysiem
through the tower basin when the sydtem i s$hat down

FarcedDRCoang Towers
The forced draft toorer has the fan. basm and pipme located wathm thetoorer stnacture. In this
madel thefanishocatedaithebase Therearenolouveredexierior walls Instead thestructral steelor
woodframimgiscoveredwith panellingensdecfiluminium, galvanized seslorashes- tos cement
boards (zee Figure 11.15).
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Inforceddraughicosling tower fanislocatedanhebaseofthetowerandih eamrishlownbyihe B
upthrough thedecendmpoater Thesntramedwater isremoved byowater sliminstor stdetop.

IncucealvaMCaoing Towess
the travs and discharges &t the top tdhrough fin casing (see Figure 11.16)

Induced dranght 1= conmdered to be better than forced dranght becanss the power requre-
ment 18 high for forced dranght and the mamtensnce of fan 15 costher. The mduced dranght
occupies less space as the fan drves are placed af the top of the towes; the coolmg effect s
distributed across the enfire cross section of the tower. Fans handle warm air, henes they are
pon-freenmg. Smes air leaves st high speed, i is pon-circulatmg
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RytvcDamCoolng Towers
These towers ufilize mechanical draft fans to augment awrflow and are also referred to as fan-
assisted natural draft towers. This minimizes the power required for the air movement, with
least-possible stack cost impact. Properly designed fans may need to be operated only duning
periode of hagh aminent and peak: loads (see Fimre 11.17).

Aot
Wistann
B —y
Outfionsr o— —1

Fip 1L T Hyhd Cocteag Towar

LocationofCooling Tower
Thefollowmn gpomisshouldbeconsideredwhenlocatingthecoolingtowern seeFigure] 1. 18k

(1) The tower =ite should be such thar it alloos unrestnicted s flow 1o the fower, Open
spaceasfaraspomibleshonidbeallowedbetoeen  thecoolmgtower  louversandneartsy
strachmes.

(1) It 1 alwave advizable fo place a cocling toweraway fromoffice bmldmng, laborstoryand
control Toom m the plant because of the posmibility of the mosst air and nowse of the
tower causing inconvenience to the working people.

() Prevailmgwanddirechonshouldbestudiedsoastomimimizethererculationeffect of hot air
from the tovwer, which should be cartied avay from the tower and should not re-enter
through the louvers,

(i) The tower should be located m sach a way that the piping ranmng fo and from it is
minimum, The tower should be a2 near a3 possible 1o the soures of makeup water

(v) The placement of the towershould also be studied wath reference to nearby chimneyand
effluent from proceszes, particularly if these are hot or aily.

454
Howatertocoolingiower
125 Codingrange
) G Coopladwatarfromonoing ioeer
FCAgproxch Wethulsteroolak

Fig 44148 seationaflooing TowermithDesad Tempersiuelinmbution
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Themeynwdessresdpowerplantresciortypesars
PransurirsdWatacRaarme P WE]
BoliesWazerReastor[BWE]
FressariredHeavyWaterReactars[FHWER])
LigaidMetslF sarBreed arRaactoraLMFRR])
RigaTemperatureGasCocledResanss [HTGR)
AdvepeedGasConledRaactors[AGR)
Masno
AdvaveedFrevapcivadivans e =n s [AFWE]
Advapced] iquid™ sraTh esctos [ALME]
AdvancedBoilingWaterfeaclor [ATWE)
. IptsEralFastResctor[IFR]
1Z MpdulsrHighTemperamurefasCocledRssctor{MATHR)
13, JimpEfiedEodingWaterReactar{SEWR)
Tencisboveresstoraressplae edinthefzlowizg sectionz
Pressumzed WaterReactor [PWE)
aprocessimovweEsitssion Whenanommrespilttherproducealargeama is fham
canvertad to heat The =3t bolls water, creating sream that (5 aied 1o nern turkdnes, whish spiss
the shatt of & penerator. mside the ssasrannr, cofl of wire spin in & masnene feld snd elecmicy
iz produced. The Nudsar power plants voe twe types of Maciors to achssve this process boiling
wateT reartoTs [SWR) and pressunzed watsr reacses (PWE)
Thepremsurmedusismeasorbeienprotheliphvansrypethemoderatcrandecalant are  both

Lishy wtsr (H; 0], The cooling warer Snoulared is s loope, which srs flly separsted from ope
arsther, Prescarized Water Raactars (FWE] keep water usdsr pressuse, 39 the weber heats but

doss not boil oven 32 the hagh opersicng temparatars (Figure 3.8}
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Constant pressans 18 snsored with the =4 of the pressurizes. If pressore =l m the primey
dircuit, water in the pressurizers it beated up by ekectric hasters. thiy raiving the presvare. i
FresTare morsases colder coolmp water i injecied to the presmumzer Since the upper part &
sragm, pressune will Srop The primnary droult waser ransferrad (tsheat to the semnndarydsmit
water in the small tsbes of the steam gaseraton; it cools down s=d returs 5o the resctor Tessel
&t @ lowner temparature.

imow the secondary drenit presFore & much Jower than thai of the primery oroot the
S=CONEETY CPOUiT WaLEr in the seam gEnerEner FEME 10 bed The seam goss from here o the
eurbens, which hae hish sed low pressiies sraess, Whes saam leavsd the terhine it betomes
Bguid agen m the condmzer, from whers it &5 pomped back to the stsam penerator after pres
EEstng.

Normallvprmarvandsscondarpeirotwaterseannotme nthisway sieanbeachieved  that

gmy porentally radisactive marssisl that get iefo the primary weter should s@y in e
primary Joop and cannot pet into the turkine ard condenzer. Thiz iz 2 barrier & prevent

radicactve copamination from ERTnng owt
in pressuzized waser reachors the fusl 15 emeally low {3 w0 & percenth somiched uraniues

cxids semetmesursniumard plureniamaridemizureM 0X] Intoday ' s PYW Rstheprimary
preszaresomuslhd vl fbarywhil stbermtisttempers resforcian S A 0tas 27 L PRIy
themostwidespreadraactor typemths world they pivesboutbdfofthetotlpowerof e
presenily oparazing nuclesr power planis

BoilingWaterReactor[BWE)

Boilime YWatsr Reacors (BWR) keat water by penssating hezt from famios s the resctmr
vexseitobodl water andorestectsssn, wiichfurps thegeneratorichothtypes aof plang,the
steam iz tarned kack mto watsr and can be used again m the prosas

in 3 'nolimg water reactoe. light water (Ho0] plsas the rofe of modsrator armd coclant & wall
Farr of the warer bels away m the peactor pressurs vesssl thus 3 mivrars of watsr gnd sEem
bamyvas the reactor core [Figure 3.9],
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M:Muaﬂuﬂr&mﬂmﬁ&ﬂmﬂhmwﬂmuﬁe
separated Steam leamngthe tuwrtone ipcondensedinthe condensar andthemfecback to the
paacior after prehsanng

Waterthathaspomsvaporstedinthersastorvesselacoopnulamranbebomomaftherasse]l  and
enines with the pussped back feed watsr,

dimoe bofling in the reacteor (Y Sllowed, e pregsaes (o hoover tham thar of tee PWRS, it s
aboutbto Toarz. Thefaelisnmallreem dionde. Enrchm eniofthefreskfueliznormal iy

woemmwiat lowar than thatina FWER

The adranmge of this t7pe & har - s this 7Pe bas the eplsREonEresnan-thebwiding
e are cemparanvely low, 11.5% of the teal powsr of pressnrly aparariss nuclsss power
pilasyrs 5 miven by EWHs,
Cas-conled CraphiteModeratedReactor

Ithelongstpcommeroalreactortype:
i} BasicGas-CocledReactor{MAGNOX)
[@} Gas-ConledRmacior{or)AGR

{1} BasicGas-CooledReacor{™MAGHNOX])

Magmomactorrersbmionthe UEErom 1956 157 1. ThaMagnoarsasionsnamedafier the
magnesium memEl Fueel sispmsenrs posrsisting af fusl pods sneaced i Magnos cans are loaded
intorerticalchammelsinacoreron=tractedofzraphisehlocka{Fieure3. 1T

Cara Sl
ikl

R
Sty
e
1 i
T
(gt
g e =4
e
jrE=LrT
vasd
Fig . 10 Basic Gas-oooisdFeacion agnomd

Farther vertical channeds contain controd rods wiich can be inserted or withdeaws Fom the
core to adust the rete of the Esmon process and therefore, the heat ontput The wikols assanchhy
ummusmu_amumtpsmmmlmwummmm

(] Gaz-ConledRaartor{or)AGR
Adrarneed Gas-Cooled Rexctor (AOE) & the second pemerstion of ges-ooaled (Fipmre 3.13)

reacorE REng graphite medersmr dnd arbon diogids 5 coolant. The fosl i5 aramium oxide
peliety, enrichad 18 25-5.5%. 19 siainien fee] nebas,
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mumﬂnuﬂmmﬂmmnﬂ“
ey and dissdhasrapes ok 2 folloms

{I) Themsnberalworkmanrsguiradforheoperanono i iearpowsarplantiomacideasthany  stesm
powes plam Thi= pechicss the ooet of aperation

ﬂm-nﬁmdmmﬂﬂh Mﬂrthmﬂﬂulmh
mtmmmmnm#&m-ﬂhﬂmﬁ
i mmch ek

{E) The coex of power pisersrive by saclsar povver pluee becomes competithe with comt of
shvam pacper plave above the wer weze-of shoot 500 2T

Aifombi-arion factor i med to deterrmine whether the chase rearton will costimee ot o sy
e, ETeae or dacreass [t gnves by the relsines,

F=Farscfisakap eofregross
E=lidcsectamechimrsmearllconmeassdmaiz rmncal 0| ndhoasesthar the ckam
eaction will be building up

{maperorricslimharasal= | thoormtamsamoernl [bedym zA0wn mtvcnocal

{i;ldt.f Mmmm

1. Thegmpomdiifuusamatbod, Thmss hodsbaisdomhepmnnompi scbambedisi- -] or
mmu:NM|mwm¢m:mmumﬂrh
ﬂﬁdm.wmm:nﬂﬁﬁ:mmnmﬁnmhuhmﬁir Fi
235 < f w 10 = 30 am] thos1 T By = 352 Thee initin] seiwinre 31 fad asbothe sxpheiwmss the porom

barmer. That pat of the maters] wiuch. pevees Seouh the bamier 13 eonched produc, - rched &=
1P Fs molecala; and the remaindar & deplomd product.




e POWER PLANT

5.15 Waste Disposal %

Waste disposal problem is common in every industry. Wastes
from atomic energy installations are radioactive, ereate radioactive
hazard and require strong contrel to ensure that radioaetivity is not
released into the atmosphere to avoid atmospheric pollution.

The wastes produced in a nuclear power plant may be in the
form of liquid, gas or solid and each is treated in a different manner:

Liquid Wastes. The disposal of liquid wastes is done in two
Ways -

(£) Dilution. The hiquid wastes are diluted with large quantities
of water and then released into the ground. This suffers from

the drawback that there is.a chance of contamination of under-
ground water if the dilutien factor 15 not adequate.

(1) Concentration to small volumes and storage. When the
dilution of radioactive liquid wastes ix not desirable due to amount
or nature of isotopes, the liquid wastes are eoncentrated to small
volumes and stored in underground tanks. The tanks should be of
assured long term strength and leakage of liquid from the tanks
should not take place otherwise leakage or contents, from the tanks
may lead to signifieant underground water contamination.

Gaseous Wastes. Gaseous wastes can most easily result in
atmospheric pollution. Gascous wastes are generally diluted with
air, passed through filters and then released to atmesphere through
large stacks (chimneys),



Solid Wastes. Solid wastes consist of serap material or dis-
if combustible are burnt and the radioactive matter is mixed with
concrete, drummed and shipped for burial. Non tible solid
wastes, are always buried deep in the ground.
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Radioactive'WasteDisposal
Omneofthemaor problemzinthennclearplantmsthedisposalofuasteproductsthatarshighty
madicactive. Thevemitlargequanttties  ofyrave  andthesshigh-energryray destrovall  bvme
matter through which they pass.

The radisactive products of 400 LW power statice would be equivalent to 100 tons of
radigndzilvandtheradicactive effect ofthessplant produsts ifexposed foatmospherswould kol
all the living orgamisms within an ares shout 100 square puiles.

Theduposalofinclearnastesavervdifficultproblemforth

In a nuclear fisel cvele, the solad, hguid and gasecus radoachive wastes are produced at
differeptstiges. Thesradicactivewastezmpstbedisposedoflinsuchamannerthattharaizng
kamardtiohmmanandplanthife Moderateactivesohidwastessrebunedinthegroond Moderste
hqudwastesafier prelmmmarvirestmentestedichargedm  deepprizor  drywellstoloeepthem
fromseepmgoutmtothesuramdmggroumd Actroehiquadsarekeptmeoncretetanisandthese
tanksareburied m thesromdblitheradicactivitvdecavs. Manvhmes theradicactivibiinoreases the
temperatae of the l:qud waste of sometinies fhese ll.gml.t boil and the activity dﬂm

Thm:.lunt!pmadm,pmhdm

i Ar
Therearealotofismesmthadisposalofradicactivesasesmiothear Becaumestronpradicactive.  gases
=ich as stromtyom and jodime are absorbed by the plants and they enter into the homan
bodvibroughfood Caesumissbsorbedinmuscleandsrontiumisabrorbedinbonesrasulting
mparalyzesafthebody Generaliy radicactivegassearecollected andstoredmatankburiedin

ed offto theatmosphers when raciosctnatilevel 1@ sofficienthlow:

The amount of radicactrvity presenth’ disposed off m the asr 18 well below the harmfil
level butthe problemwillbecome seriowsohena larpe numberef powsrTeactorscome up io
Cperstion.

2 Grownd

Thiz 1z one of the eazy and chespest methods of dispossl becauze soal sbsorbe radicactive
material ezmly. Thiz dizposa| is mutebiemosthin areas of low rantalithat arehugh above the
eround water level.

host of the radioactivities of waste are removed just by storape The storage problem is
amplified by separating cassium and srontimm, which ars extremely radicactive. Thess are
genarally hgmmpuﬂihfﬁnw 13 vears of
T age.

Defimct coal mmes are nzed for waste disposal The wastes are disposed off in st heaps
provided intheeines, because salt isa powerfial absorber ofradicactive emissions. Dhspesing
off liqmd waste by freaning 12 an eazy and more economical method.
Dupnaalnﬁl‘ﬂu'fheﬁnaldepmhmaihmmﬂunmqmmhhmmtnﬁu
imdertaiong sctivities miohing mderground disposal m deep geological formations Thue
munn'murm'nﬂgfhngmm& ates and suitable methods of storape af these sites. These
methodsmust be efficient snough to protect pressnt and frurepopulaticosfrom poten- tial
karards. The suitable stes must be fee of Sowing ground water, but storage vessels must
demomstrate relizhilty even m flowing water condrhons.
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Thnﬂspmﬂnﬂnmndmmm'dmﬁanmmhmﬂtws i many
countries, namely packing the waste i solid form m concrete steel drums andburyimg (Figare
16.34)

Figde. M0 apozallL W

TE spent fise] is to be disposed, it iz buried in the earth, namaly deen salt or pranite rmations
below ground or below the se3 bad.

Figure 16.33 shows 2 conceptual deposstory for the storagecf HLW m rock salt formahon
forthousandsofiears Thesolidifiedwastmsplacedmcanister sthatarestoredmh olesdnilled
wﬂnhﬂapung&lﬂumﬂm&ﬁ:mhﬂimmg}wmmﬁmgm
temperature lmaits of sither canister or salt. Each canister raquires 100 m° of salt for cooling

Fig 46,35 arzeran rfectignd avaass

3 Ceean

In many places. the houid waste 1 dspoaed off to the sea throagh the pipes carmed from the
plant to the peint of disposal While disposing off the waste into the sea_ it should be ensred
that the radicactivity beved should not be very harmful 1o the fish life and seaweed, which iz
harvestedfiorbumanuss In anothermethod thesohd westesshouldbecazedinto comerese
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Blocks and these should be dropped infothe seast suitableplaces. The cost of disposal bathis
method 12 approxmately BR300 per cobic metre volume.

The danger of disposal into the ses water i+ indect and depends on the absorphon of
radwactiveelementssuchascaesmandstron tumbnplanktonandthenthroughthebiological cham
tothe adible fishes 2nd fhen to humans

Ipecessary tokeepthe  radicectiverchdwasiestadepthofminwaternearly  fior
100davs. fhmﬁlmﬂhﬂ&ﬂl%mlmgnﬁld:mﬁmﬂmﬂ!hﬂlphnmmz itlThada
rullmct[m'.!qnn! to mathon grama of radiom. About 30 per cent of theradivactive elements
disappear during cooling.

Difesnidetoastrlivoearitesietgposs
Imthissection differenttypesofnuclearwasiesandthe methodsusadtchandlethemare discussed
These are a5 follows:

1. Fizzon fragments - weak, mtensity active; 1soiopes — spent fuel stored mmder 6m deep
water to cool (100 days) - mbenaely active
2. Radioactivewsste- gaseoushiqud sohd

Solid ~» buried af depths of few metres

Cassous—dischar peitostmospherathroughhishstacks

Liguid—aferpreliminarviveatmenrdischarpedindrywelisordesppits
3. Wastesolution — storedin a stainlesssteel tankenclosed ina coneretenall, batied under

garth (10 m) and provided with cooling oil 1o keep femperature a1 50°C
4. Low-level solid waste — cast in cement m stes] dram — drums banied belowseil or kept

3 the bed of ocean
3. Medium-levelsolidvaste—+ncarporatedmtocementovlinders

6. High-level liqmd waste == stored m special steel tanks i concrete walls, water cooled —
takentostorag earssanddisposaduithinl fonfhiddeadnallneromdedb dmmiitaniom.  Same
ather locations and methods ussd foe muclear waste disposal are as follows.

{a) Rocksalt
> Prwerfnlebsorbercfradioactvesmission
> Goodthermalconductivity
>Cannesandnmnalscanbesasilvmade
() Arpllaceous sediments — boreholes are providedat 160-260 m depths m a 10{-
mithick bed of clay
(c} Hardrocks-1gmeous metamarphic sedimen taryrocks
(T Ocear
Floors ofideep ocean provides safe, potential disposal sites for solidifisdhigh-level radicactive
wase
il Newmethodtomraat HLIT
{a) HARVESTProcess- (highly active residues witnficshon engineenngstudy’). This pro-
cess was developed in 1970, In thizprocess, highlvactive liquidwaste ismixed with
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glass forming chemical in a stesd container. The container 1= beated m a farnace to
ghout 1000°C. lmwlvesthefollowmpmrocess  Thesmixturefimestogiass whichis
further cooled, sealed and then discharged to the storape area (Figure 16.36).
Liguidwastes glass-forminematerial +heatedsteehvessel
i

Mixturefusestoglazs
L
Cocled sealed discharpedtostorape
Higniyactive
s Craste
e el
—i 1';-.:;:::'-..5'-‘%::.': |3
L2 some
q.l,l"';'i;t
Newcontaingr Coriangr
Consanar comEned P
] o mred o ]
[ afrnag

Fgtady  WemTreamendHARVES TRmoeeg

() AVMLAmiiorde Vitrification \farcowls)Process

Figure 16,37 shoos AVM (dlner dp —Tiriiearion Marcowly) process wed for Liqmid vaste

dhepoeal Theprocemiself.explonatory, In thisprocess, thehquid vaste fed toazontainer i
hn#dlm.ﬁ:rmumﬁ&lrﬂ:mnﬂdmﬂ:ghﬂpmdu Themmctarethatcomesoutismelfed m &

firnace and collected m & vessel In the subsequent steps thecontames is closed

andibzexteriorbod volthevesselisdecontaminstedbeforadisposingoffintothestarasearea.
i Nuclegr wasfecalining
Ligquid— solidmesnzsmall volumeandeasystoraps Calanngtheliquidwasieresulizin fes
flowing not-cormosion gramules
Famures

» Spentfuetiraduced toahiqumd

> Extrachonofimablefizelfrom homd

> Calciningtbeliquidwasie
CH-ease leam-upsyiten

Flgurtlﬁ;ﬂ:hmmu-ﬂ'-gudﬂnupm Hntguuqnmlﬂmhn{hmadﬁrmgh scrubbersand
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Toofgasireaiment
Fikiaiain Glasspowcerfieed

! Mefing furnace

Fig A& 380 5aslepe-LinSyaten

abwarber, demisters, filiers, atmosphere profection sislem and then discharged to atmosphere
through a stack 50 m high
Gasdisposalmyetem—iavpion lodinegases trothum 0O
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Crypton—cryogemicireatmentofiiesolvedofS gassiream packedmgass imdenmderpressure [odine
3 L.
© —camshc scrubbing or HNO,scrubbng o . )
Tritium—voloxidetion pvrochemicalprocessing isotopesnrichment CO-
Caustic scrubbing
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| 8. EAPPLICATIONOF DIESELPOWERPLANT | —

Simceihereare mamnvdispdvamazeofiiess] povesr plam athougiuhe plast findmidespeiics- nonin
the falloirms Salds.

I Thev are qaes sumatds for mobile power peneramon snd &z widely ead s mans pomsnos
sveiere consisning of rileads ships pomobdes nd ssnoplises

1 Theevonb=usdisrslsrmicalporr=narn onmcapacit ssinme | w000 HP.

3. Thevcyohaussdasstamdbrpoorsr plarts

4. Thevmanbeusedaspea kiradolsmdforugewotherrpesrdnooerplant
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oY

PLANTLAYOUTWITHAUXILIARIES

Figare 13.6showgeneral layout ofs Diesel Engmeplant Theessential componentsoff diesel

engine plant) are

1. Engine: It 1 the mamn component that develops required power. The sngme 13 divectly
coupled fo the penerator.

2 Air filter and superchareer. Alr filter removes the dust from the air before if enters the
sigine Supsrcharger incresses the pressure of air af enpgine nled and hence increases
engme powver. They are nsually drives by the engines
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3. Examust rystem The mvstern meindes nlencers and commectme ducts. As the exhansteases
b hlﬂutunpmturu hutnfuhmatpsunmﬂnﬁdﬁrhmﬂﬂmlmm
supphiad to the sngine

4. Fuel systemr It contams the storage tank. foel pump, fel transfer pamp, ol stramers and
heaters. The amount of fuel supplied depends on the load on the plant

3. Cooling rystem The svatem mciudes water crcifatmg pumps, coolme towers or spray
ponds and water filiration or freatment plant. The purpos= of cocling svstem is to cnsume
the lifz of the cylinder by extractimg the heat developed from fhe engine cviinder wallsand
bence keeping the temperature within the safr range

6. Ludricationyries: Thesyseminchudesoiipumps ciltankscootersandoonnectingpipes - The
gvatem reduces fnction between the moving parts and hence reduces wear and tear,

7. Starttng rpatem The system imnchodes starting aides such as compressed air tanks. Thetank
supphies compressed 2ir to start the engine Fom cold,

§ Govermbig poemt’ The governing engine maintains constant speed of the engine
mespective of load on the plant Thiz i3 done by varving the fuel supphed to the engme

FUELSUPPLYSYSTEM
Drezalenpmefiuclinjections stemecanbedmdadimtotwobasictipes:
i, Airhgection
mﬂmemﬁmmmmgh -presvorearimefadbyamultistageaircom-  pressor

drven bntheengme Thepresmreofarr mavbesbowt 60-70 bar Theblastaw sweeps thefuel

mmwww&;nﬂmﬂﬁdm}mﬂnﬂu
combustion chamber.
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1 Solidigecrion
Lﬂnmﬂm,hduhmﬂm;mdnﬁudmmhma chamber without primaryatomnzation.
Themethodisalselasownasairiessmee harticalbgection Thesystemeonsistsofapressurizing  unit
(fie] pump) and an atomizing it (fuel mjecior) Thehigh-pressurediesel is spraved into the
engme cyimder by the fued 1

Elgmeli?iwmﬂumchmﬂumnfﬁnﬂhﬁﬂm}mt}mpmItmmtld&h'm'
with reciprocating plumger maide 1t doven by a camshaft The phmger has a constant stroke
andissingleacting Averysmall  clesrance  ofabouttwotothresthovsandthsofs — millimetreis
providedbetweenthepumpharrelandtheplunger, Thizaman gementprovi desaperfectsealing
withoat sny lealnge even at very high presmumes and low speeds The pump barrel has two
radialiy opposing ports lmown as indef port and spill port or bypass port. A vertical chammel
extending from thetop oftheplunzer toan anmuathelicalsroovers provided on theupper part
ofiheplunger. Iivaniesthequantitvoifisel deliverad per srokeThetop edpepfibeopper end i
milled i the form of 2 helix. A sprmg-loaded delivery valve 12 provided at the top of the
barrel. The pomtion of the helical groove with respect to the spill port 12 changed by rotsting
the plunges with the rack or control rod Bymosing therack thequantityef foel injected can be
varied from zero to that demanded at fill load

Fig. $.MBoschF iellsiscion Pung
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3 {?pmmnn
ubﬂtnﬁﬂfpmlmﬁ'hmmtﬂmgu isathebottomofitsstrcke faelstartsflowinginto
thebamrelthroughthanl=port Fuelfillgthespaceabovetheplun perintheverticalerooveand in  the
space between the helix,

Whenthe plmgerstarty movingupwardssome amomtoffoelenters the bamrelss the

mletportsaretmoovered Furthermovementoftheplmperupwardscoversboththemlet end sl

parts and the wappad fuel gets compressed. Droe to high pressure, fusl is foroed through the

delivery welve and entars the imjector which injects fel mio the combustion chamber

Themjectionprocesscontmuestilitheendoftheupwardstrokeandstopswhen the lower end of the

helix mmoovers the spill port. As soon as spill poart mcovers, the foel presnre m the barrel

drops suddenly due to the flow of fael back to the saction chamber through the vertical
chinnel Injection process ends as both spring-loaded mjecter valve and sprme-
|oadeddeliveryvalvearesuddenlyclosed Plungermorvementcontrolsthequanuty of oil delivered

Figurel 3 §shoveatypicalfnelsystemimed mdteselplants Thefoelolmavbedehveredat 1hq:||.l:|1t
sitabyvtracks ralroadtankocarsor barpeandtankers From tanktruck thedeliveryis done umngs
theunloading  facilitytomam  storapetanks. This fuel is then transferred Ivpumps
tesmallariicestorapstanl=imownasenginedanankts Themamflowisensuredbyvarranging
thepipmpequipment with themecessarvhesters, bipames, shit offe, dram lines reliefrahves,
stramers and filters, flow meters and temperature indicators. Theactust flow depends on type
offue] enpimeequipment nrecftheplant ete Thetanksshouldoontammanholesfor miermal access
andrepair, filllimes toreceivenil, vestlinestodischargevapeurs, overflowrsturn lines for
confrollng ol Bow and & suction line fo withdraw oil Coils bested bvhel water or steam
reduce ol viscomity, which lower pumpmg power needs.

The minimum storage capacrty of at least a manth’s requirement of ool 1 penerally kept m
bulk However whenthe advantapesof seasomalfluctostionsmeostofmlare to  beavmled
imavhenecessarioprovidestorazeforafewmonths” requrements Daviankssupply  thedaily
fuelneedsof engmesand areplacedats herghtso thatotlmay Sow io engmes under gravity,

The fuel oil supphywystem opershon would be satifactorvifthe followingpomtiaretalen
care of

(1} Previsionsforcleanlinessandiorchanpingoveroflinesdurm gemerpencies

(1) Provizions fortightpipejoantsmallsuctionlines.

{m1) Eeep nll otl hnes onder am pressure wath the joints tested with soap soluhon. Small ax
leaks mtcthelme can be thesource of operatng difficalties and arshard torectifvonce the
plant is in operation

(v} Flushthepipmsbetween filter andtheensinethoroushhby ocilbeforsbeingfirstplaced m
SETVIOR

{+) Due mportance should be grven for cleanliness in handbing boalk foel cil. Dot particles
will ruin lap of injzction pumps of plug the mjection nozzle orifices. Thus, high-grade
filters are of great importance 1o the diesal oil supply svstem.
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FuglinjectionSystem

Fuel mjection svstem 15 the heart of the diesel engme In an mjschon system, verv small
gquantitvof fuel must bemeasured out, mjected, stomizedand mixed with combustion air The
moungproblem becomes moredifficolt thelarger the cvlinder andfaster therotationalspeed.
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However, special combustion arrangements such a3 pre-combustion chambers, air cells. eic,
are neces=Ty o enzare good mixing. Engmes dnving electricsl generators kave lower cpeads
and srmple combustion chambers.

Functionsofafielmjectonsystemareasfoliows:

i) Fibterbefied

itil Meterormeasarethecorrectquantitvoffieltoheinjected

{tv) Controltherasteoffite] impection

fv) Atcamizecrbreal-upthefuelimtofineparticies

{v) Properhdistnibutethefnelinthecombustionchamber
The mjection svstems especially the parts that are actoally mannfactured with grest sceuracy
meterand mtﬂﬁudﬂnmwﬂheﬁimuhﬂmmﬁmumgﬂmﬂl [oftheorder
ofl p rthattheyrequirespecialattent ondurmpmanufactore Hence thempechion systems are costly.

TypesofFuelinjectionSystems

Mestcommenlyusedfuslinjectionsystemsindicsslpower stationareas ollons:

{1} Commonrabinjection ysten

(if) Individuslpempiniectionzysten
{if) Distributor
Atomizationoffel ot canbedonebny
(1) &r biast snd (n) pressure spray. In
the olden davy, engines used air fisel
inpection at about 70 har, which was
sufficienmotonlytoinjectbeot] but

tothedevel opmentof solid njection,
wing hgquid pressurs of betasen 100
and 200bar whichissufficienthiugh 1o
atomire the ol of forces throush
spravnozzles.

i, Commmon rail injeciion

syctem Twotypesofcommonrailmject: Pumg-drive
on svstemaareshovn mPisarel 3 Sand
13,10 respecarvedy Fig.13.8CemmanfafinectorSysamifsngefngePuma




Fig1349  ConmbegPressamSysiem

In this cas, 3 sngle pump supplies high-
pressure fuel o headar, A relief valve holds
prassmreconstant Thecontrol  wedeeadjuats
the lift of mechamical operated valve to set
the amount and fime of injection.

Frgara 13,10 shows 3 controlled pres-sure
avstem [t has a pump thet mantamsset head

pmmﬁmurlmﬁndhmmg valves
regilate impection time and amount Sprng-
loaded sprav valve acts merely s 3 chesk

2, Indidualpumpinjectionsyem

An indmidual pemp injaction systEm i
shown in Figure 1311, In this system, an
indvidual  pump cybnder  conmects
directhvtoeach fuel mozzie.
En;mﬁmthargmd control  mpection
liming Nozzles contain & delivery valve that
izactuated bytha fiael oil pressure.

nozzies SLmowaan

cylingar for
eachnozzie

Fig {114 dvidsaPumnbeinctionSrmiem

3. Distributorsystem

Mot mmhmdﬂmhnum u:hmuml-'m]?rllluiuu myxtem, jh!i'mlu

:h:!n'lrmdt-:rm'lmdum m::mﬁ.nne mﬂn’hum-upuun] pq]pﬂ: vah-es that open to admit

fued 1o the nn::lu
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SUPERCHARGING

It iswell kmown thatthepowsr outputofan enpimsincresseswith an increassin amount ofsir m
thecylindar ﬂlﬁ:ﬁqm.nng-:rf:mpmmu siroke Thizshecansear  allows bu.lmgnm

(i) Power Increase. By supercharging the engine, the engine cofput can be increased by
3030 per cent at the same speed of the engme.

(i} Fuel economy: The combustion i supercharged engme 13 betfer &3 i provides better
mninl:nfﬂmumﬂ&l&lﬂu:mqﬂ'dmged engme Hence the specific finel

of o supercharped enmne in legs than & natwal sspirated engme The

thermil efficiency of 2 q:m:'hag_admgmﬂuﬂnhaghﬂ

(m) Mechamical gfficiency: The mechamcal efficiency of a supercharged engine is better
than a natural aspirated engme at the same speed. Thia iy becamse the povwer incrsase
due 1o supercharging increases fsier than the raie of morease m fiction Josses

(1) Seavenging:With themeoreasem supercharged pressure thescavengmeaction ishet- ter
m two-stroke supercharsed enpines as compared o pahwally aspirated engines,
becanse the quantity of residusl gases is reduced

(v} Emocking: Supercharging reduces the possibility of Emocking m diesel enzines
becauze defav period iseduced with an increass in supercharged pressure. Actoally,

mpu'nharg,mgremh:mmmﬂmnmmgnﬂhm It has hmﬁ:lndihuﬁ.-ur
strokesn sinessTEmOresa s brad: :

Duetu!h&mbﬂ ufﬂuugmafﬂapu:h:gugmmmﬁ ghove, modern diese] enpines
usedmdiesslplantarepenerally supercharged By superchargmg, thesizepfihesngine i3
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reduced for 2 given ouiput and consequenthy the epace requirements and cvil engmeerng
works alao rediced.

The Supercharpers that are considered for diesel power plants are positive displacement
tvpe, cenfrifizaltype and exhaustharbocharper Theselection dependsupon itsrelative mens for
& parcular situation, Figure 13,13 shows 3 tvpical tarbocharged enpine

A trbochasger i3 used toforceamfoel mixtoremtoan enginest apressuregreater than the
naturalatmosphenicpressure Theexhaustcomingoutofthesngmeispushedthroughaturbine,
mounted on 2 shaft, which m fum spins an air compressor, The compressor draws 2ir m and
biows it mio the mlst manifold, and generates the boost Forcmg the air'fuel mixture into an

engmeallonwatioburn - morefelandgenerstemorepower  withomt  chansingengmecapacity:
Whentheairiscompressed{with atarbe) iteetshotter Ashotter arr confamslessaxygen than cocler
aiz, less oxvesn i3 avatlabls 1o bum extra feel going into Gie sngme

METHODOFSTARTINGDIESELENGINES

The 51 engines used for power peperation in DG plants are wsually small i sizs; which use
compresson rano fom 7 o 11, Hand and electnc motor (6—12V, DC) cranking are penerally
used to stari the enpne.

The Cl engines use very high compression ratios from 20 to X2 and hence it 18 difficult to
hmdmukﬂummu Hence, some mechanscal crankmp syatems are used

i. Comprezzedairgysiem

Inthissystem shownmFigurel 3.14 swstapressurecf2(-30banassupphedfromanaitank a2t the

enpine inlet throush mitake manifold In the case of multi-cvlindsr enpine, compressed ar

enters one or more of the engine ovlinde's and foress dovwn the piston 10 furn the engine shafl

Dmmgﬁumm sactien stroke of some other cylinder takes place and the com-
urpus ; 2 gmezhafttorotate Gradualbythesngmegams

:::u:mmmmmdh mpplvmzﬁafuulmgnu starts rumming.




MR Marzzmingy
r=1 BhE
o bt " ok
Tumigia 2
Fiyior s Sioany
e S il rangy Tocontols

Fig. 13 44Compressaikn psism

L Electricstarting

An electric starting rystem i3 shown m Figure 13.15, It conmists of an elactric motor diving &
pimon which enpages stoothedrmn on emgmeflvwheel Electnemmpplyfor themotor 1mmade
using & small slectric penerator driven by the engme. A storape battery of [2-36 V is used to
applvpowertotheslectricmotorn. Thesleciriemotordisensagesantomaticalbvaflerthesnzine has
gtarted.

Fg1315  Cecicdeingdysem

The starting motor for diesel and gasoline sngmes operates on the same principle as a direct
current electric motor. The motor i5 designed to camry extremely beavy loads but, becauze
drawzshiphoorrent( 3006654 ittendetooverheatqmckly Toavodoverheating themotor
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should not be rum for more then the specified amount of tme, uswally 30 seconds. A tme lag
off or 3 mm 13 emential beforensmpimgan Thestarimgmotor slocsted near theflywhes]
When the startmg mwatch s closed, the dove gear on the starter methes nath the testh on the
flvwheel Thedrve mechanism (1jtransmitstheturnnepower tothe ensmenhen thestsrting
motor nums, (1) disconnects the starting mofor fom the enmine immediate]y after the engine
has started and (3) providss & pear reduction ratio bebween the starting molor and the sngme
The dnve mechanim dizengages the pinion from the flywheel mmediately after the engme
mmmdmt&ngnrmmthumnpdpmiﬁm:u} mcrease the motor shaft speed o
22 500-30,000 rpm as aganst the engme speed of 1300 rpm.

3. Hydrawliciiaringryiteng

Several types of hyvdraulac startmg systems are 0 use for engmes. A typical bydroudic startins
sdem  isshown  inFigurel 3 16 Ingeneralmostmistemsconsistofabvdraubicstartingmotor, a
piston-type accumulator, 3 mamzally operated hvdraulic pump, an engine-driven hdiraulic
pumpandaresarvoir for thebvdraalicfuid Hytraulicpressuressprosided inthesccumulator by
manualhy operated hand pamp or from the enpinve-driven pump when the enpine is oper- stme.
B‘.‘npl:rmng thestarting Bever, the controd valve allows hvdraudic ol (umder pressure of
nitrogen gas) fom the accumulstor to pams throupgh the bvdeaulic * starting motor, and
cranicstheengme Whenthestartinglever erelessed sprnpactondisenpagesthestartmeprnon and
closes the comtrol valve. Thuatqnﬂuﬂ-:m of hydraulic silfrom theaccomulator: To protect
the starter from the high speeds of the engine, mumgdmhumai The hydranhe
darting sestem is ussd on some smalles diese] EnZines.

Fig A3 Wy rauficStarfeg S ratar
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4. Sriingbeanxiiiaryenging

In this medhod, a small petrol mame 19 connected to the mam engne through clutch and gear
arrangement. The clutch is disengazed and the petrol engine is started by hand. Then theclutch
15 pradually engaged and the mam epgine b5 cranked B starting. Clutch is dissngaged
automnaticelly when the main engine is started

COOLINGAND LUBRICATION SYSTEMFOR THE

DIESEL ENGINE

Copling and lubncation svstems form an essential compenent of disse] engine planis. An
efficentcoolmgndiubncshonsystemnotonlyimprovestheplantefficiency, butalscensures longer
plont life. Grven ifs mportance, both of these svstems are discussed hereunder.

EngineCoolngSystem
Daring the process of converting the thermal ensrgy to mechanical energy, high temperaturss
are produced m the cylinders of the engine az o result of combustion. A large portion of best
fromtheproductsofoom bustonistransferredtothecylinderheadon dwalle prstonandvalves.  This
excem heat ot carried away by an efficient cooling svatem will dsmape the mEme.
Necassitvofenzinge oaling Ensinecoclinsisnecessary forthefollovan preasons:

(1) The maxmum opersting temperatwe of fube oil ranges fom 160°C to 200°C. If the
tempergture exceeds this lemt. kobe ol deteriorates and even might evaporate or bum.
This mav result m damagme of piston and cvlinder sarfaces or prston se1zure.

{n) Due to hngher engme tempersiure, the srength of the matersls usad for venons engne
parts decreases. This may result m excessve thermal stresses due to uneven expansonof
various engine parts and result m cracking.

{im) Hot engmepartireratimhotexhaustvalve whichcmzses pre-iznhomandimociang

(1) Due tohigher engmetempersture, vohimmetric effimencyand power outpat of the engme

rednces

Twobssicoyvstemsnsed forcoolinpthesn mineare
I Afreooling
In this svetem, atmosphenc air i3 ciroulated around the engine cvlinder to dissipate the excess
hest Heattrans Brareaisimereasadbyprovidingfinsen.  theolinde  andovlinderhesdandair 15
pazed over them. Awr cooling 1sused for small engmes and aworaft engmes. Using the fins
increasestheheattansfersarfacebyabowt i1 (timemtamitiatvalue Figure13.17shona & sectional
wiew of an engine cvlinder usimng fins. As maximum temperature exists near the exhaust valve
and cylinder head, mare fins are required here to dissipate heat.

1'h£ﬁnsm|1. be cast mtegrzl with the cylinder and cylmder head or may be fixed sepa-
rately to the cylinder block. Themumber of cast fins may be 24 mnnmha’pa’cﬂmmﬁrenr
4-f fmeper centtmetrem caze of machmed fina The spacmg between thefinsisdmnited to 2= 3
mm and height of the fin vanes from 20 to 50 mm.
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Fig 437 &r CoziingSymem

i Wanercooling

[nthizsyatem theolinderandoylinderbeadaresnclosedinavaterjacket.  Thewater jacket i3
connecied fo & raditor of heat exchanger normally at the front end of the vehicle Waler i
made to corculste through the water jacket, which cools the engine. The hot water retamns fo
the radistorwherestenchan pes hestwithstmorpherscar. Thecoldwatens again re-crrenlsted

Witercool ingimmed forbiggeren smessiachascars buses trucks, stc.

High operating femperaturs existing in the engme may disimtegrate e habe o flm on the
cylinder liners resultmg m warping of valves and piston seizer, if the engime i3 not coolad
properly. Thus, proper coolng of the engine 1 necessary to mcrease engme hife. This 13 done
bveontrolingtheexst temperaturecfcoohngwater. [ftheexrtiemparatureistoolow, lobecd] willnot
spresdover thepiston andthecylindersesultingin wear andtear. [fits tochish, e lube oil burms
anddismtegrates. Theexittemperaiure of cocling water & thus limited 1070°C. As constant fow
rate of coolmg water increzses the exit temperature of cooling water with mereased load, flow
regulation of water 13 deszrable to control the same.

The hot jacket water from the enpme 13 passed through the coclers thot well} where o 1a
cooled with thehelp of raw water, The raw water is cocled in the copling towers using eifber
mataral draft or forced draft air circulation. The sensible heat of water 15 ansferred to air. In
addrtion, the latent heat of evaporation of water vaponized iz the mam zource of hegt transfer
Thedegrescfcoolingactionishmitedirythevapourthatcanbesbscrbed beforetheanreaches
saturation humidity at its beaving temperature. As the crculation of water 15 concemned, the
oooting sviiems are pensrally divided mio two hpes

1 Opem-grsmgle-circuitmysiem
In this system shoom in Fiparel 313, pump draws water from cooling pond and forees it into
mmugme;i:tm Water aftercrculatingthroughtheengine refumstothecoolngpond

Thesngmejacietirbjectedtocomonon becamaofihedimolvedgamemthecoolmgwater.



Figure 13.19 shows & clasad or dobls
Ciroult system. Engine
!
1 Closed-ardoublp-cireulisysion Pume ] Water
Inthissvstem rawwaterisnadetoflow FEI
throizgh 4 heat exchanger whes i takes
up the hest of jacket water end retums Fig 1548 0nen-orSimple- Gl Syslem
back to the cocling pond or tower.
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Fig 4348 ClosedorDou e ComruiSysiem

Aboutl 3 Spercentheatizbostbyeoolingwater, whichisinennagacketvaterloss. Therate of fow
of water should be adpusted to mamtam outlet cooling water temperatare to0 80°C and nse in
tempergture of coolmg water i3 hmited fo 115C. Water med for coolmg should be free from

impunities. Eventhough coclmgbywater ssmrform, it poses a problem m cold weather. Cocling
efficiencyis reduced duetc scalmpm  pipes, jacketsandradiator. Engineefficiencyia

affectedassomepowensutilizediodnvethewaterpumpandradiador fan Thistypecficooling

systemeliminatesmiemnalischetcomosion, butthecorrosionmay existintherswwatercircuit

LubncationSystem

Mﬂhmamﬁwﬂmnwnﬁwuﬁtwﬁhhﬁmﬂmgm
tmmlmh:tfhmmmpuuthmaqnmdnhrum:n mrecylmder wallsand pistons cramke
pinsFudseon pimabig endand smafl mﬁhﬂrﬁggﬂﬁmﬁmtmﬁ:ﬂpﬂ lubrication
syetem for all moving parts is an important problem in the operation of an IT enpine.

The purpose of lubncation aze (1) toreduce the power required fo overcome frichon, (0) 1o
mcreasethepower outpustand| m jtoan creasstheengmedife Improperlabricationrernitamthe
breakdonn of the hebricatmg films, cansmg piston seizure and serions demage to the engine.

Tnnhamimgdﬂrmgnduhinhmﬂaﬁ:ﬂ!m

i, Wepump

In thewet sump system thebottom ofthecrankcasecontansan oil pan o sumpwhich serves
thepurposeofancisupplyingtankorresarvorrtank orcticooler Qildrippingfromthecyiin-
dersandbearmpsflows  Dvgravitybackintothewetsampwhersitispickedupbyapumpand  ze-
cirenlated through the engine hnbnieation eystem (Figure 13.20).

Thetypez ofwef sumpmetems generalbused are(ilsplashand  crculstmgpumpiforee feed)
system, (i) force-feed system and (i) fall force-feed system.



Figid20  WelSerpluivicsfonSpsm Fig 132 CrePumpLvdrizafon Srsiem

< Drynmp
In thsérysump svetem, oil szopplied fomen extermaltank Chl dripsfrom thecylindersand
bearmpz mto the sump. Chl 1= removed from the sump and passed beck to the extermal tank
through a filter. Asthesamp pump capacitvis greater than o pump capacity, ol wsprevented
from scoumulating in the engine base (Figare 13210
Lubricaticamaybeachievedindifferentiorms. Fullpressurelubrication mechanical force  fead
lobmication or gravinverculstion from an overheadtank Some ofthe mbrcation svstema are
explamed below:

(1 Splashandforce-fediubricationgystem

[n a splash and force.feed bncanon system (Figure 13.22), cil 1= delivered to some parts by
means of splathmg and other parts through oil pamages mder pressure from the ol pump. In
this system_ the odl &unthepnnpmtm::gtb:uﬂg]lm flows to the main bearings and
camshaf bearings The main bearings have oil-feed holes or prooves that feed o into drilled
passages of the crankshaft The oil flows through these passages further to the cormectmgrod
bearmgzand fromtherethrough holesdnliedn theconnectmerods tothepiton-pm bearmpn.

Fig.11.22 SfachardFoe-Feed ubricalins Srsleer
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Cilinder wallssraiubricatedbovsplashingoilthrown offfrom e connecting-rodbearings. In
some engmes, zmall froughs are provided under sach comnectmg rod that are kept fiall by emall
nozzles, which delrver ol under pressure fom the oflpump. As engme spead moressss, these
o1l norzles debiver en moreasmgly heavy stream powerful enoush to stnke the dippers
directly. This penerates & musch heavier splash so that adequate lubrication of the pistons md
the connacting-rod bearmgs i provided. In an overbead valve engine the upper valve fraim is
lubricated by pressure from the pump
(it Force-feedubricationsysiem
In aforce-feed Iubricanon system (Figwel3 23), oilisforced twiheoilpump fromthecrank-
casetothemam bearingeandthecamshaft besrmps. Unhicethe splach amd force-frediidrica- fiom
system, the connectng-rod bearmgs are also fied ol 1under pressure from the pump.

Dil passazes drilled in the cankshaft lead il to the connecting-rod beanngs The passases
deliver oil from the mam-bearmg jouwrnals to the rod-bearing journals exther through holes or
through smulsr grooves Theholszlmeup omcefor everyorankshafirevolution Imthecasecf
annuiar grooves in themain bearmgs oil can be fad constanthymio thehole m the crankshatt.

The pressunzsd i that lubmicates the connechne-rod bearmes also helmicates the pistons
andwallshysquirtngoutthrough  srafegicallvdrilledhotes Thislabrization sistemisusedin all
enginss that are equipped with ssmi-floatme piston pins.

Fig321  ForeFasflatvicationSyzen

Gl Fullforce-feedprezsure inbricafion oyztem
Inafullforce-feadlubrication svstem snolpumpsuppliesiubrncatingoiliomanyparisofihs
engmethroughductrystemendtothecrankzhsfithroughdnlladholes Thecyimdernatlsare
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lubricatadbyoilmisthatisshmgoutward fromthecommectingrodbesrmpsorbysplashefiod  ends
inte ofl pools. This matem lubricstes themain besrmgs, rod bearings comshaft bearmgs
an-d;hm:mpletera]nmﬂmm.[mddmm_hhﬂHm ofthepistoneandthepistompmane
alsoenabled under prtuu:mhu!n-ﬂnﬂ:dﬂhtmjmlﬂl:lmgﬂl oftheconmectinerod oreat- ing an
oil passage from the connecting rod bearmg to the piston pin bearing. “This passagenol
cobvieeds thepiston pin bﬂrmgsh.tﬂmgm'mlumﬁm for ﬁq:iﬂmd ovlinde walls
Thizevstennmzedimallen gmesthatareequmppedwnthfull- Soatmepistonpme(Figure 3 14)

Flats Smerpe

Cyinaerwll \\ JI| =
= J
Gmnecingex Nl

Wai=biminiay

Okl prmzags

Fig. ). 24FuFovre-FeddPresare l shneation Systen

Fitters, CentnfugesandilHeatars

i Flifers
Theair cleaner or filter fikerstheincommpmr Ttaliomufflestheresonation (1.6 dampensthe notse)
of the swirling incoming air. The location of the air clesner depends on the available space and
the hood desipn.
Anzirfilterperformathefollovimgfimetiona:

(1) Itfiltersmcommesrandremovesimpurthespresenting

(1) Durmghackfinng oftheenpine itactsasaflamearrester.
{m) Tt scts a3 a mlencer for the carburetion system by reducmg the engme mduchon noase,

Thefitbersusedmavbeclasnfisddependm ponthedusttvpeanddustconcentratsonsinthear.

M Oillmpingemeniy pe
[tconmatsofs framefilled with crimped(pressed mtosmallinddsorcormuested iwireormetal

shavmes(thinparticles). Thmmuﬂm!hnsp-makulsmhuupanmjﬂumghﬁm
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frame breaks up into smallerfilaments when i come: into miimate contact with the oil. The oil
can zaze sndhold anydust partides being camed brair. The efficiencyofthis filler drops
progresmvelyohenmaernice Hence stshonldberefreshedperiodicallybvremoving washmg  and
fe-ailme

it Oil-beattrype
Inihistvpeofcleanss thesirissweptove
or through 2 pool of cal. The dust particies
become coafed to the oil. The ar iz then
pased through the flter, which retams the
oil-coateddustparticles Figure] 3. 2 3shows
an oil bath-type ol flter contaiming & fl-ter
element ssturated with cal, Ol 12 con.- tnmed
m & weparste oil pom Ar from the
ere enters through the crcumferen-
tial gap | and takes & turm af corner 1. This
movement leaves lage particle mmpunifies
present m ar. Aur then passes over thefilter

Fup 13 2804B ah. Tyoadir Claarar

then passes ttrough the pamage 3.
(wil Dry type
Insmadenpofclofh felt plass, wool gc Thefilerscarch dint

nal Thecapacitvofiuchfiltersdropaprogressmelahen
thevarem use Thecleanmendonebased on theamount of
air umﬂhg.ﬁr. enrines and dust concentrations m i
Figurs | 3. 2shovs 2 light dubvair clesmer. T conssts
of a bonded cvlndrical clesnme element made of cellu-
Iosefibrematenialplacedoverafinemeshscreenthatpra- it s
iadesstrength Thesidesoftheslementaresealedapmnat
dust. Air passes through the element leavinganvimpun- Figt1l®  LighulyArCeansly
ties present outmde it

i Centrifipesondoihecers
Thecompletelubricationsystem urmalhinchdesthefollowmemmiharies: Pump otlcleaners. ol
coolers, storage and sump tanks paiiges and safety devices. As ail passes through the
]ulm!:anm cvele, it acoumulates impurtties i the form of carbon particles, water and metal
scrap. For contmuous relsble operstion, attention shoald be grven o oil clesmng.
Forthispurpose filtersuathcentnfugesorchemicalactionhavebeenempioved Mechamcal
filters mclude cloth bass, wool. feit pads, paper discs and cartridge of porous matenal
Fough cleaning of oil can be done by passing high-speed centrifuzes for final clesning
Ceptrifogingean  bedopebvpenodiccentrifupmgofibeentirelubnicatmpoilor bvcontmuous
cleanmg of 2 emall fraction of it by splittmg the ol from mam flow and retummg back to the
main stream. Chl shoubd be heated before passmg it through the centrifuge.
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INTAKEANDEXHAUSTSYSTEMS

[ntakeandexhanst systemsused m diesel engmesenswesmooth fimchonmng ofthemnpme As
dieselenpinssdravinaironly specdandpoweraracontrolledintheamountoffaslinpectedat

fheen dofthecompressionstroke Fortwo-strokediesslengines ablowensusediormduction of am
and to moprove scavengmg. An exhans svsiem must redoce engme ooise and discharge
exhaust gases mfely away from the emgme. An efficent exhanst system can mprove engime
pnhmmmﬂuﬂ:&mnMEdemlnmmm&mdeMM

IntakeSystem

Thepnmarycomponentsofthesfomotivemiakesrstemareintaivemansfold throttlebodvand 2w
mduction components such as air cleaner and ductmg

IMWWW:&MMNWMMHMM
Itsconstrochionsnddesigndependsonrizapphication. Theintskemanifoldcansccommodstes
throttlebodvinjection unitandthemmmg oftheair fiel mixhmess done atthemamifodd hese. The
butterflvshaft connected to the throttle cable controlsthesrfiowthrongh the unit

The air induction components consist of an &ir cheansr andhousing, solid and Aexibla-duc
fubing andcomnsstors. Thearnduct onsysiemdrawsin ambientairfromth esmosphere. The inl#
opening may be located in various positions wder the hood.

1. Adirclocmr

The air clemer filters the mooming #r. The ar cleaner element may be manufactured from
pleatedpaper, oilmpregnatedeloth orfelt crmanoilbath confipuration Anotherfunction of the ar
cleaner 15 to muffle theresonation {Le. dampen thenouse) of the swirlme meoming air. The
location of the air cleaner depends on the available space and thehood design

& Duciing

The ducting can be made of hardened plashc wath flmable mbber couplings to absarh engme
movement These are usually sacured in place by matal worm dnive clamps.
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Figure [3.28 shows 3 typical intake sveiem of a diese] sngme plant. A large diese] engine
plant requres about 0.076 mmm to 0.11 mmm of air per EW of power developed Amr
contamealot oftust hencefitimeceizarytoremone the dust contentm thestmosphencar. The ar
system contans an infake manifold located outmde the bumldme with a filter to catch
dirtthatwould octberwisccapeswcesivewesr in  thesngine [Akeatmosphericlemperaturss
toolow, enzmemisfirasatlowioadzandhenceifimecesmryioinstallzheatingelementusing exhaust
gar  Occasionally, enpinencizemaybetransmitiedback through thesir mtakesvstem
Mﬂmhﬂmmlmmrpmﬁhdhﬁﬁmihﬂmﬂhﬁﬂﬂ:&lhﬂhﬁh 'a.uEIL't

steel pipe

Sdence

Fig 13 Erpaleisead sem

ExhaustSystam

The primary compogents Figore 13,20 shows 2n engine exhaust system. The primary com-

of the exhaust system are exhanst mamfold, engne pipe, catabvhic converter, axhanst
brackets. muffier and components snch as the rescnator and tasl pipe.

/ ot Edhausi  Manfoid
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The exhanst symem generally handles spproxmmataly 0.23 m'mun to 0.30 m'mm of gases
perkWdevelopedatthesverageaxhausttemperatare Mofflingoftheexhansmoizaisdonely  ozing
nlenceralocated cutudethebinldmg Thevmarhe of CI, steel, ste. A pipeor stack mll extend
vertically from the silencer outlet to carry the exhaust pases.

Thefellowingprovisionsshouldbemadeforthesxbanstoysiens:

(1) Silencmpoftheexhmmtnmsetotheregmreddegree

(1) Duchargeoftheexhaustnufficienthvhighabove the promdlevel

{u1) Water-cooledexhanstimesorspecialhugh-temperatwrematenakforexhaustpipes

{iv) Modificationtoutilizetheby-productieat

() Isclation ofenpine vibration from buildmgandmuffler svstem byusing fembie section of
the exhaust pips

(11) Arrangement of the exhaust sstem 10 mininuze the back pressure created byvihe exhanst
gvstem ifself

APPLICATIONOF DIESEL POWER PLANT, ADVANTAGES
ANDDISADVANTAGES
Thedieselelecinepowsrplantsmamlvindapplicationmibefolleowing Belds:

1. Peatioadpiant
The diess] plants are used & combination with thearmal or bvdrovelectric plants 25 peak load

plants Thisplantis needonhrdurmepeadoadplnt operation, astean bestartedquickdvand it has
na standby osses.

2 Mobilaplamzorowidoorunis

Mobile diesel plants moumted on skids or trailers can be wed for temporary of SmErpEDCY
mmmch asfor supplvingpowsr tolargecivilenginesrmpworksfor  supplamentngelec-
micitysupplysysemsthatsretemporaniyshortofpower Mobileplantzaleofindepphicstionn
vanous otker indusines sach ax film, stc

3. Sandbyunits

Daesel plants are also used as a standby umit to suppiy part load when required For example,
thiscanbensadwithhydro-plantassstandboumit [fhemateravailzbeimotsuficisntdusto
reducedraintall adseselstationsuppliespowermparallelwithidroelectricstation Theoseis - made
temporarily till the water 1s availabie to taie the full load

4 Emargencyplos

The plants canbe usedforemergency purpostswhere they actas standby untts, normally idle.
Whenever thereispewer interruption thess anitsareused. For examiple, thevare usedin sibuations
whe power fuhwe maviead fo fnancial loxs or denger m kevindustiial processes
tummelhghtmgamdoperatmeroomsothosprtaly. Thevareshonzedfor telscommumestonand water
sapply under emergency condibions.



HydroelectricPowerPlant

INTRODUCTION

Hydroelectmctyis the term referrmg to slecincty gememated by Bpdeopower, the
produszoncielecmicalprwerthroaghthenseefhegranimnonalioreeoifllingorflewmngustern s
themostwidelyusedformofrenswablsensrgy.accountinglon | percentapeaisl cbalaleciridty
peneratian.

Mt Epdroslectric power contes from thepotential energy of dermred water driving & water
mrions and genersier. The powsr sxrected from the water depands on the velums and on the
differerce in Eeight Eenyesn the source 384 the water's ousflow Thisheightdiferenraizalled the
Basd The amoant of potsmtiel snerey in water is groportSons] tn the hesd A lurpsning (the
“perstod”] delivers water to tha tarbine.

“Ruz of the vives” gretems do not requre 3 dam or rorge Solity to be construsted. Instead
therdirarwaterfroethestreamorrer chanssiinn o welleyenddropion foa turbine wa 3
pipalice salled 4 peratech, The turbine drives & ssnerater thar provides tha elestricny tothe Lozl
commuenty. By not requeing om erpenmve dam for waiter storage.  ruseofthesrTer
srstemnsareal owr-costwariproducepewer Theyalsoavoid thedamagimgenirormmenta! and so5al
effiets that larger hdrosleerrie soeenas caicte, ineluding & rsk of Deading, Witer Som the Fras
iz charneled throwgh o sextling basin, which helpstoremoresedimentthetrom|d barm the torbine.
Tha water than flonrs into the Fore kxy Tank where 7t is directad downid]l through 3 pape m=lled
3 pensieck. Waen the water reaches the bofom i1 deves 3 specially designed tarki=e 1o produce
the elatricty,

Hydmelerric powner planrs are the mast eficient mesns of producine lectric epergy, The
efficency of today's hydmelectric plant 15 ahout 90 percemtage

CLASSIFICATIONS

BasedontheRanmpaftheFlant
This &= the main conmderanon whils 3s5iENIRE 3 SIIEEeTY 10 3 power piaet The rating of the
wm:aww;wm pEnnz  plames

+ Mimibydropowerplast/hersungothepSricrwemnsathacurparcdiseplant 15 mors tan
B0 KW ar 01 MW and bs ess than 1 I'-I‘W'.:heplu‘uhu]]el HanH:.rm'nFﬂ-wu'HuI.

]
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¢ Small hydre pewer plamtll ths ratins of the plast or we con sy the awrpue of the
plantislazsthanid MW.the pisntwillcome under the Category ofSmalHydro Power
Flant According to the new classfication of CEA ledia small kydre power plant may
have rating ap to 25 MY,

EasedontheTechmologylized
Based om the rechmplogy invelved specislly dising the monstruction of dss snd height of
thedamanddemandthehydropowesplantiamazrndasifed et othreecsegoriss Thesears-
# [mpoundment hydro powsr plant it 5 the most comemom type of hydro powar plant
bassdontechmolopia! clasmfications Adamis somsmructedandvater 5 sopedbshind dam
ard the seored patential enersy ol water bahind dam b8 ussd ax Fysl for hipdoe nower plast

» Diversioshydropowsrplant]scasethewstsrheadissmallanAtian o talenergy
cfiwamr i1 notenosgh to drive 2 tarbine thena separste watardlowis @kenfremriver

it high speed so that it mar produrs anough curTentin e gEnersioT.

+ Pompedhydrepowarplant:iomenmerwhenthedemandaipowerruppimsnotingh
thaspraducsdelemrisytaimedradriveamatorenduatericpum sedbasinethedsm  and
the potents] energy of thie wateris used to penerzte the efacincty at the plant.

BasadonloadSharingbyHydroPowerPlant

* Peak load power plastThers types of powwr plart spply powwricthalcadwherthers
peak losd period. only. Rest of the tme the povwer i5 supplied by main plant. in this trpes of
plamts 4 main pewse plast je shwars pegaieed snd hipdes powss plent wesk g vecnndary
plast i= this cxse and alire the losd for two or three Bours.
Let we have a power plant with real load 130 MW for 2 period of ore hour and rest of the
timsthalpadmemainswthinalmtupio S0OM W nthscseisRlimgamainglantal 20 MW with
A suppart hydropeswer pliet of capasity 35 MW o & good ides to save mosdy an
panetraction of main plass,

s Base load hydro power plamtsThis o the power piant wiath work independenthy md
supply powar too the whols bad Bwosldor the whols tmece. It supply power
whenheresarequirement Thamppeofplamaremenalladwhenshnpenanenssvaiatie

BasedontheavailahbilityoThead
Il Highheadpewrarpisntshesd> 1 00m)
[d} Madiwmheadpmeerpants] 30nie100m)
(] Lewhesdpewerplanmhesd<30m)
Basedonthequalityafwatersvailable
T Fun-of-roerplistwithertpondies.
[ Bum-of-rirerplanrwithpondsms
(1]  Flanbwithsroreseressryoirs.

[ Pumpedstacasscians,
i+ Minemdmuerchrdroplasts

LAYOUTOFHYDROELECTRICPOWERPLANT

Hydroslectric power plants comvert the hydraulic potential energy Fom water infs sectrical
wrargy. Soch plans aw martable wivers water with suitahle heod are svadlabls. The lapout



FDROCLECTRICPONA ERPLANT 1

[Figurel 1 jeoversdinthinsrtissinmtssin plecnpadnnlpmrerthsimportantpartssd hydroslasrs
plant The different pars of & hydroelectric powor plant are
1. Water reservoin [2 stores thewater received fom the catciement sress daring messoos
pemiod Winsrsurfasemshesorsgeressrromrisknownashaadracs

2, Damy Dawms are strocthuses bailt over rivers to stop the water Sow and form a reservoir,
Tha reservoir stores the water fiowmg dows the river. This watsr iz dnmrted to turbanesin
power HEmens. The dams pedlest waer dunng the raimp season snd stores i this
allowing for & steady Bowy thromsh the turbines thromghout the year, Dams are alao wed
for coerrollimg Aoodzand irrigrien Thedems shonld be water-tight andshouldbe akle to
withstand the pressurs exertad by the water on it Thers are Sifferent pses of dams wach
a8 areh dsmy seavity damt gad buttress darsy The heiskt of water i the dam i saled
Eead raos

3. Bpill wayrh spllway as the ma=ee sugpests coold ke clled a5 2 way for spillmg of water
from dams. kt is ased to provide for the releasa of flood water from 3 dam. [T is used w2
prevenaverpingnihedimoshicheouidrensinndamessorisiineofdame Snillnays  could
e controiled sype or tncomtrolled type: The onmontrolled oypes startrelasvine water upon
water rsing sbove 3 partsoular level But i case of the controdbed typs. regulazion of fow
&5 pozsikiz

4, Pressuremamnslcarmeswarsriromrhereservoirasurgezni

5. Pen stock and nanmel:Pensincks ars pipes which earry water fram the reservair to the
mummmnqmmwﬂmﬁmmm
.-.-..-.. 1 0 boo fierves T same
pmuimmd:::mmwm mnmmmupmﬁm“hmm
power sEatios such 253 MOUREE.

6. Surge 1amic Surpe mands are tanks compectedtn the watsroonductoreyStemlr serves
surges of watar in pemstock 5 tshen by the sarge Sk amd whan the water reguiraments
merease, if supplles the seliected water therelby regulating water fow and presvare made
the penatods

7. Power statiomiFower station comtowes a turbine coupled to 2 gessratnr. The water
broughnothepowerranonremEsthsanasoithe turbinsproduangorgueandroEnon
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iof turhice el This st onal torgue = ranefsrred 16 ths pepsratar and M oaTertedins
electncity, The =ed water 7 refeased through thetss] roce The difference Between
padrzoeandmimomsElisdgresissadandb rrubiachnghemicnonallosseswe
gemhenetheadarailablernh emrbinsforsenarationabsl sorsm,.

B, Draft nahe: 11 &5 cnnsected oo the sutlet of the turbise. 11 allaws the mrbine 1o be plared
orer kadl Tace bevel

3. Talraeceltmreatervayicdsadthrmaterdischrrpedromthetorbnstotha rrver.

13, Step up transformen 1t iz used to ratse the vol=ape of the electrical power generatad
a7the ganerator tarmanal

& dam 15 3 man-made strusiere bullt 3orss a river, Most dams are bl to conarel mver fiow
fmprove mavigstem, sad regulste flooding, Howsves some dems &re bullt to producs
Eydroelectic power,

Hydroslactric power 1 produced as water passes throagh o dae; sed intn o rree below. The
mors waser that passes through a dam. the more ensrgy is produced. Omce 3 dam 5 uilt an
aruficialmen-madelansscreatedbehindihedam.

Electricity i prodused by 8 deyies called 5 uhits, Turbinss sontein metsl iy surreimdsd
by miaEmety. When the masnets spin over the metal coit, sledricty is prodoced. Turbines sre
bocated inside dars. The fallmg waisr spins the magnets

Dare; provide cisan, pallutios fres snergy. but thay cam also harm the enwironment. Spaces
thar moe Fivers o Epawn are oftem Bt by dams in the Nomhwest sockeve salmon and mout
popuisrioss have drepped froem 15 milion 1o LF milion sines Eydroelecric plastwers builton
tha Colombda River, Dams all over the world have burt some spedas

Trpesoiliams
I} Basedontheirfuncoons dams canbeclassiiindas
i Scoragedans: (F)Dermondas:
{5 Deteaondams
1} EBssedontheskhaps hedamsarsclasmfiedimto
il Trapercedaldams (ElArchdams
{7]  Basedemthematerialsofoorstrusnon
{3) Eartutaens (EjReckpecesdarm
[fiStenemasmnarydams (FiConoretadars;
[#RCCdams ATmsrandrabberdam
7 Easedombpdraubsdesgs
ta} Overfiowiypedam (b om-everfipwypedam
(v} Essedorsiructeraldssign
i} Gravtpdam {(EjA&rchdam
{fiButressestam
SELECTIONOFWATERTURBIMES

The majer protlem confrontiag the engieennE 15 0 selex the t7pe of mrkine which will grve
e eesay, Thelpd raulopeims-over oyt sradtoenarsheh san e ol conndin s
ander which it has to ope=ate and sttxin eomimurs possibie efScescy.
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The chaice of & sxitakls hydrashe prims-morsr dspands upen rasond cnsidsraticns far the
grvan head and disclarge at a partcular site of the power plant. The ype of the turbme @e be
defmrmumed if the bead avalkkhle power fo be dereloped and speed &t whach it ka5 m rum are
SminwTt 10 the en@ipesr heforahand,

The Sallowing fartors have the bearing an the ssiectuom of the Aehr oype of hpdraulic Torbine
winick will be discazzed separstely:

1. RotztionslSpeed

1. Epecificipead

i, MerimumEficency

4, Partioad Efficiency

E, Haad

6, TypeofiVater

7. Remmwayipesd

B. Cavitatios

5. Kumberoilinits

Frgpld
whereFisthehidraslicenergy in¥Wath
pizmccel erationdeetogravity[ 9.81m /57)
pissraterdensity {1000 kg/m)
Qixthefou] nr] dischargems
His tha height of falled wazeror head 1n meter The
eiactric power produced m KiWh.
TrwSUE w 10w oyt
=381 Hnt
whers  isthecperatingtimemboars{E 7 EChoary  year]
I " i (0 5109)
Thapreerdeveiopad depend sapestbequentyofrates] Tandthehand] Mofwater

3. Kon-pollnting,

4, Povwmrgemerstioncasbenyitced cmandoffinaveryshortams,

£, SompinmopecepEndssl-contzinednoperation

&, Greszesrelakbibay,

7. Greaserhfo{morethanilvezrs)

B, Otherthanpowerpeearatonstpronidesrrigatonfioodoontrolafforestztion
mEviEation and agea-culure.

9. Higheffimency.

10. Suitmklsferspinningreservs.

1L Mampowerrsquirementslow,

11 sumpleisndesigaand operaton
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DisadvantagesalHydropower
Hj;hu#uﬁ.uuemzmﬂhmmrmm

Oestetionperiodisvervianss,

Fowergeneretiondependsonaval shilinyebwater.
Flantsarefirewaybomioed captrehesre contefiransmissicrandlossesarahish
Lerpabodroplasts distorbtheecelopoftheare ad uste deforastatan

FACTORSTOBECONSIDEREDWHILESELECTINGTHESITEFOR
HYDROELECTRIC POWER PLANT
Avaflabilipofumaterasdwaterheark

. AcceasinilisyoFiite,

. Wateratoragecapecity,

. Distanesfromtheloadesntre

Typeafiemd

PUMPED-STORAGEPLANTS

Puntped storape tyshesy work oxing oo reservoirs Gt are bkt ot differing heights. Daring
periods of peak demand. anergy 15 gemersted oy releasing waner from the upper reservoir to
grive turkines The water is pomped back up to the upper reserreer from the lower rejervomr
durine pariods of low energy desund.
Apumped-swrageplanthastworeservoirs:

Upper reservairliks 3 conveatboas] hydropower plast, 1 dam creates a reservoir. The
water in this reservear Sows through the hrdropower plant to create slectricity

Lower ressrvedr\Water sctng the hydeopower phamt flows mio a3 leever ressryoir Tether
than re-gmiening the river and flowing downstream.

Using sreversible narbing, the plant s pamp water back to the upper reservole. This =
Sane in off-peaic howrs, Essentially; the second reservoir refiils the upper peservoir. By pemping:
water back to the uppsr reservorr. the plast has more wamar 1o penerate slectrioty during
periods of pazk consumpnon.
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