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Q1:Magnetohydrodynamics(MHD)isadirectenergyconversion

technique.Whatarethebasicdifferencesinworkingprincipleofthis

system ascomparedtoconventionalhydropowersystems.Howisthe

outputpowerobtainedfrom thissystem.

Ans)

Magnetohydrodynamic(MHD)powerplantsofferthepotentialforlarge-scaleelectrical
powergenerationwithreducedimpactonthe environment.Since1970,several
countrieshaveundertaken MHDresearchprogramswithaparticularemphasisonthe
useof coal asafuel.MHDgeneratorsarealsoattractivefortheproductionoflarge
electricalpowerpulses.

Workingprinciple:

Intheturbogenerator,thegasinteractswithbladesurfacestodrivethe turbine andthe

attached electricgenerator.IntheMHDsystem,the kineticenergy ofthegasis

converteddirectlytoelectricenergyasitisallowedtoexpand.theinteractionofa

plasmawithamagneticfieldcouldoccuratmuchhighertemperaturesthanwere

possibleinarotatingmechanicalturbine. ThebasicstructureofanMHDgeneratoris

showninthe figure.InanMHDgeneratorthehotgasisacceleratedbyanozzleand

injectedintoachannel.Apowerfulmagneticfieldissetupacrossthechannel.In

accordancewithFaraday’slawof induction,an electricfield isestablishedthatactsina

directionperpendiculartoboththegasflowandthemagneticfield.Thewallsofthe

channelparalleltothemagneticfieldserveas electrodes andenablethegeneratorto

providean electriccurrent toanexternalcircuit.

Poweroutput:

Theturbinebladesofagas-turbinepowersystem areunabletooperateatsuch

temperatures.Anadequatevalueofelectricalconductivity—10to50 Siemens per

meter—canbeachievedifanadditive,typicallyabout1percentbymass,isinjectedinto

thehotgas.Thisadditiveisareadilyionizable alkali material,suchas cesium,

potassium carbonate,or sodium,andisreferredtoasthe“seed.”Whilecesium hasthe



lowestionizingpotential(3.894electronvolts),potassium (4.341electronvolts)isless

costly.Eventhoughtheamountofseedmaterialissmall,economicoperationrequires

thatasystem beprovidedtorecoverasmuchofitaspossible.

HydropowerWorking:

Inordertogenerateelectricityfrom thekineticenergyinmovingwater,thewaterhasto
movewithsufficientspeedandvolumetospinapropeller-likedevicecalledaturbine,
whichinturnrotatesageneratortogenerateelectricity.Roughlyspeaking,onegallonof
waterpersecondfallingonehundredfeetcangenerateonekilowattofelectricity.To
increasethevolumeofmovingwater, impoundments ordamsareusedtocollectthe
water.Anopeninginthedam usesgravitytodropwaterdownapipecalledapenstock.
Themovingwatercausestheturbinetospin,whichcausesmagnetsinsideagenerator
torotateandcreateelectricity.Thereareavarietyoftypesofturbinesusedat
hydropowerfacilities,andtheirusedependsontheamountofhydraulichead(vertical
distancebetweenthedam andtheturbine)attheplant.ThemostcommonareKaplan,
Francis,andPeltonwheeldesigns.Someofthesedesigns,calledreactionandimpulse
wheels,usenotjustthekineticforceofthemovingwaterbutalsothewaterpressure.

Q2:

(a) Thermo-electric systems are emerging as a popularalternate to
conventionalthermalpowersystems.Whatare the main factors
involvedinthetechnologythatdeterminetheoutputpowerofthermos-
electricgenerator.Howcanthemaximum powerbeobtainedfrom this
system.

Ans)Thermoelectricity:

Electricityproducedbythedirectactionofheat(asbytheunequalheatingofacircuit

composedoftwodissimilarmetals)Thermoelectricityisatwo-wayprocess.Itcan

refereithertothewayatemperaturedifferencebetweenonesideofamaterialandthe

othercanproduceelectricity,ortothereverse:thewayapplyinganelectriccurrent

throughamaterialcancreateatemperaturedifferencebetweenitstwosides,which

canbeusedtoheatorcoolthingswithoutcombustionormovingparts.Itisafieldin

whichMIThasbeendoingpioneeringworkfordecades.



ThermoelectricGeneratorsWorking:

thermoelectricgeneratorsareusedtoproducepower,thermoelectriccoolersareused
forremovingoraddingheat.Thermoelectriccoolinghasmanyapplicationsincooling,
heating,refrigeration,temperaturecontrolandthermalmanagement.Thefocusofthe
restthispostisthermoelectricgenerators. Thebasicbuildingblockofathermoelectric
generatorisathermocouple.Athermocoupleismadeupofonep-typesemiconductor
andonen-typesemiconductor.Thesemiconductorsareconnectedbyametalstripthat
connectsthem electricallyinseries.Thesemiconductorsarealsoknownasthermo
elements,diceorpellets.

TheSeebeckeffectisadirectenergyconversionofheatintoavoltagepotential.The
Seebeckeffectoccursduetothemovementofchargecarrierswithinthe
semiconductors.Indopedn-typesemiconductors,chargecarriersareelectronsandin
dopedp-typesemiconductors,chargecarriersareholes.Chargecarriersdiffuseaway
from thehotsideofthesemiconductor.Thisdiffusionleadstoabuildupofcharge
carriersatoneend.Thisbuildupofchargecreatesavoltagepotentialthatisdirectly
proportionaltothetemperaturedifferenceacrossthesemiconductor.

MainFactorinvolve:

EFFECTSOFTEMPERATURE:
ifthetemperaturedependenceofthermoelectricpropertiesisnotconsidered.Onthe
otherhandthepowerimprovesveryslowlywhereastheefficiencydecreasesafterits
maximum withtheincreaseoftemperaturedifference,consideringtheinfluenceof
temperaturedependenceofthermoelectricproperties.[1][15]Effectsoftemperature
dependenceonpowerversuselectricalcurrentandEffectsoftemperaturedependence
onefficiencyversuselectricalcurrent.

DESIGNCONSIDERATIONS

EFFECTSOFCONTACTRESISTANCE

Goodthermoelectricmaterialpropertiesareinevitablerequirementsfora
thermoelectricmoduleexhibitinghighefficiency.Roweetal.[11]describetheimpactof
themodule'scontactresistanceontheperformanceofthermoelectricgenerators.Even
withverygoodthermoelectricmaterial,thedeviceperformancecanberatherpoor,if
thecontactresistancesofthemodulearetoolarge.ThefigureofmeritZTofa
thermoelectricgeneratorisameasureoftheperformanceandiscloselyrelatedtothe
efficiencyofamodule[3].Itisstronglyaffectedbythemodules
resistanceandisgivenby.



SEEBACKEFFECTS
Theimportantdesignparametersforapowergeneratordevicearetheefficiencyand
thepoweroutput.Theefficiencyisdefinedastheratiooftheelectricalpoweroutput.
TheefficiencyisdefinedastheratiooftheelectricalpoweroutputPotothethermal
powerinputqhtothehotjunction.

Q3:TheThermionicgeneratorhastwomaintypes(i)Vacuum Convertor
and(ii)Cesium GasConvertor.Explainindetailwhywhichconvertoris
moreefficient,hasmorelife-timeandiseasiertoconstruct/operate.
Ans)

Athermionicgenerator(converter)convertsheatenergydi¬rectlytoelectricalenergyby

utilizingthermionicemissioneffect.Allmetalsandsomeoxideshavefreeelectrons

whicharereleasedonheating.

Vacuum converters:
Energyconversionbasedonvacuum thermionicemissionhasbeenexploredformany

yearsandprototypesystemshavebeendevelopedandtested.Theoperationisbased
on
thethermionicemissionofelectronsfrom ahotsurfaceandthecollectionofthe
electrons
atacoolercollector.Theemitterandcollectorareseparatedbyasmallvacuum gap.
Sincethethermionicemissioninvolveshotelectrons,theseelectronscarryexcess
energy

whichcanbeconvertedintoelectricalpower



Gas-filled:Comparisonoftheanalyticalresultswithexperimentallyobserved

performanceindicatesthatemissionprocesseslargelydeterminetherequired

operatingtemperaturesandcesium pressuresincesium diodeconverters.The

performancecharacteristicsandrelativeusefulnessofvariousclassesofemitter

materialsisestimated,leadingtotheconclusionthathighworkfunctionrefractory

metalswithadsorbedcesium havethegreatestgeneralutility.Criteriaforthechoiceof

emittermaterialsgivingmaximum efficiencyatagivenemittertemperatureand

spacinginthecesium diodeconverteraregiven,aswellasrelationspermittingthe

choiceofcompatibleemitterandionizermaterialsinthesurfaceionizationtriode.(auth)

Efficiency:

Thebenefitsofthermionicenergyapplicationmakeitdesirableforanumberof

applications.Onesuchapplicationisincreasingtheefficiencyofpowerplantsthat

burnfossilfuels.Theseplantsoperateattemperaturesover2000°K,buttheturbines

generallyneedonly800-1300°K.[5]Theextraheatcouldthenbeusedtopowera

thermionicconverter,increasingtheoverallefficiencyoftheplant.In1973,Rasor

Associatedestimatedthattheefficiencyofanuclearfusionplantcouldbeincreased

from 41.3%to47%byimplementingthermionicconverters.[5]Anotherapplication

ofthermionicenergyisoptimizingenergyexpenditureinahouse.Excessheatfrom

waterboilersornaturalgasburnerscouldbeusedaselectricity,simultaneously

conservingenergywhilesavinghomeownersmoneyonutilities.Severalcompanies

onthewestcoastarecurrentlyattemptingtocommercializethermionicenergy

conversionforbothutilityandresidentialapplications.

Q4:Thermo-electricandThermionicareDECtechniques.Whatarethe

commonprincipleinbothsystems.Whatarethemaindifferences

betweenboththesystems.Explainindetail.

Ans)

Athermionicgenerator(converter)convertsheatenergydi¬rectlytoelectricalenergyby

utilizingthermionicemissioneffect.Allmetalsandsomeoxideshavefreeelectrons

whicharereleasedonheating.Inathermionicconverter,electronsactastheworking

fluidinplaceofavapourorgas.Inthisdeviceelectronsareemittedfrom thesurfaceof



heatedmetal.Theenergyrequiredtoextractanelectronfrom themetalisknownas

workfunctionandexpressedinelectronvoltsThermoelectricitymeansthedirect

conversionofheatintoelectricenergy,orviceversa.Theterm isgenerallyrestrictedto

theirreversibleconversionofelectricityintoheatdescribedbytheEnglishphysicist

JamesP.JouleandtothreereversibleeffectsnamedforSeebeck,Peltier,and

Thomson,theirrespectivediscoverers.

Differencebetweenboth:

Inthermionicfreeelectrons areemittedfrom thesurfaceofametalwhenexternalheat

energyisappliedemissionoccursinmetalsthatareheatedtoaveryhightemperature

whenthelargeamountofexternalenergyisapplied.Thermoelectricitymeansthedirect

conversionofheatintoelectricenergydirectconversionof temperature differencesto

electric voltagedevicescreateavoltagewhenthereisadifferenttemperatureoneach

side.Conversely,whenavoltageisappliedtoit,heatistransferredfrom onesidetothe

other,creatingatemperaturedifference.Soitworksonthebasisofpotential

difference.

Q5:Thermo-Nuclearfusionhasthepotentialtoprovideunlimitedclean

power.Butthetechnologyhasnotbeenmainstreamedduetotechnical

difficulties.Whatarethemainissueswiththesystem.Howcantheybe

solved.

Ans)

High-temperatureplasma:

Inordertoachievepositiveenergybalanceinathermonuclearreactorbasedon

controlledfusionreactions,high-temperatureplasmamusthaveappropriate

concentrationandlife-time.Toproduceandheatupplasmaonecanusedifferent

methods.Themostsimpleisapowerfulelectricaldischargebetweenelectrodesplaced

insideavacuum chamberandsuppliedform ahigh-voltagecondenserbank.

thermonuclearreactors:

Butfusionreactorshaveotherseriousproblemsthatalsoafflicttoday'sfissionreactors,



includingneutronradiationdamageandradioactivewaste,potentialtritium release,the

burdenoncoolantresources,outsizeoperatingcosts,andincreasedrisksofnuclear

weaponsproliferation.

powernuclearfissionproduced:

Withcurrenttechnology,thereactionmostreadilyfeasibleisbetweenthenucleiofthe

twoheavyforms(isotopes)ofhydrogen–deuterium (D)andtritium (T).EachD-T

fusioneventreleases17.6MeV(2.8x10-12joule,comparedwith200MeVforaU-235

fissionand3-4MeVforD-Dfusion).

Fusionfuel

.Powerdepositedbyfastfusion-producedneutronsintheneutronblanketcanbe

extractedbymeansofanappropriateheatexchangecircuitanddeliveredto

conventionalelectricalgenerators.Hence,onecaneasilyimageaschemeofafuture

thermonuclearpowerstation.Puredeuterium canbeobtainedfrom electrolysisof

heavywater(D2O),whichcanrelativelyeasilybeseparatedfrom ordinarywater,orfrom

isotopicexchangeinahydrogen-sulphategas.


