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Foreword

TheUnitedNationsIndustrialDevelopmentOrganization(UNIDO)isaspecializedagencyunderthe
UnitedNationssystemtopromotegloballyinclusiveandsustainableindustrialdevelopment(ISID).
TherelevanceofISIDasanintegratedapproachtoallthreepillarsofsustainabledevelopmentisrec-
ognizedbythe2030AgendaforSustainableDevelopmentandtherelatedSustainableDevelopment
Goals (SDGs), which willframe United Nations and country efforts towards sustainable
developmentinthenextfifteenyears.UNIDO’smandateforISIDcoverstheneedtosupportthecre-
ationofsustainableenergysystemsasenergyisessentialtoeconomicandsocialdevelopmentandto
improvingqualityoflife.Internationalconcernanddebateoverenergyhavegrownincreasinglyover
thepasttwodecades,withtheissuesofpovertyalleviation,environmentalrisksandclimatechange
nowtakingcentrestage.

INSHP(InternationalNetworkonSmallHydroPower)isaninternationalcoordinatingandpromoting
organizationfortheglobaldevelopmentofsmallhydropower(SHP),whichisestablishedontheba-
sisofvoluntaryparticipationofregional,subregionalandnationalfocalpoints,relevantinstitutions,

utilitiesandcompanies,andhassocialbenefitasitsmajorobjective.INSHPaimsatthepromotionof
globalSHPdevelopmentthroughtriangletechnicalandeconomiccooperationamongdeveloping
countries,developedcountriesandinternationalorganizations,inordertosupplyruralareasinde-
velopingcountrieswithenvironmentallysound,affordableandadequateenergy,whichwillleadto
theincreaseofemploymentopportunities,improvementofecologicalenvironments,povertyallevi-
ation,improvementoflocallivingandculturalstandardsandeconomicdevelopment.

UNIDOandINSHPhavebeencooperatingontheWorldSmallHydropowerDevelopmentReportsince
year2010.Fromthereports,SHPdemandanddevelopmentworldwidewerenotmatched.Oneofthe
developmentbarriersinmostcountriesislackoftechnologies.UNIDO,incooperationwithINSHP,

throughglobalexpertcooperation,andbasedonsuccessfuldevelopmentexperiences,decidedto
developtheSHPTGstomeetdemandfromMemberStates.

TheseTGsweredraftedinaccordancewiththeeditorialrulesoftheISO/IECDirectives,Part2(see
www.iso.org/directives).

AttentionisdrawntothepossibilitythatsomeoftheelementsoftheseTGsmaybesubjecttopa-
tentrights.UNIDOandINSHPshallnotbeheldresponsibleforidentifyinganysuchpatentrights.

Ⅲ
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Introduction

SmallHydropower(SHP)isincreasinglyrecognizedasanimportantrenewableenergysolutiontothe
challengeofelectrifyingremoteruralareas.However,whilemostcountriesinEurope,Northand
SouthAmerica,andChinahavehighdegreesofinstalledcapacity,thepotentialofSHPinmanyde-
velopingcountriesremainsuntappedandishinderedbyanumberoffactorsincludingthelackof
globallyagreedgoodpracticesorstandardsforSHPdevelopment.

TheseTechnicalGuidelinesfortheDevelopmentofSmallHydropowerPlants(TGs)willaddressthe
currentlimitationsoftheregulationsappliedtotechnicalguidelinesforSHPPlantsbyapplyingthe
expertiseandbestpracticesthatexistacrosstheglobe.Itisintendedforcountriestoutilizethesea-
greeduponGuidelinestosupporttheircurrentpolicy,technologyandecosystems.Countriesthat
havelimitedinstitutionalandtechnicalcapacities,willbeabletoenhancetheirknowledgebaseinde-
velopingSHPplants,therebyattractingmoreinvestmentinSHPprojects,encouragingfavourable
policiesandsubsequentlyassistingineconomicdevelopmentatanationallevel.TheseTGswillbe
valuableforallcountries,butespeciallyallowforthesharingofexperienceandbestpracticesbe-
tweencountriesthathavelimitedtechnicalknow-how.

TheTGscanbeusedastheprinciplesandbasisfortheplanning,design,constructionandmanage-
mentofSHPplantsupto30MW.

● TheTermsandDefinitionsintheTGsspecifytheprofessionaltechnicaltermsanddefinitions
commonlyusedforSHPPlants.

● TheDesignGuidelinesprovideguidelinesforbasicrequirements,methodologyandprocedurein
termsofsiteselection,hydrology,geology,projectlayout,configurations,energycalculations,

hydraulics,electromechanicalequipmentselection,construction,projectcostestimates,eco-
nomicappraisal,financing,socialandenvironmentalassessments—withtheultimategoalof
achievingthebestdesignsolutions.

● TheUnitsGuidelinesspecifythetechnicalrequirementsonSHPturbines,generators,hydrotur-
binegoverningsystems,excitationsystems,mainvalvesaswellasmonitoring,control,pro-
tectionandDCpowersupplysystems.

● TheConstructionGuidelinescanbeusedastheguidingtechnicaldocumentsfortheconstruction
ofSHPprojects.

● TheManagementGuidelinesprovidetechnicalguidanceforthemanagement,operationandmain-
tenance,technicalrenovationandprojectacceptanceofSHPprojects.

Ⅳ
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TechnicalGuidelinesfortheDevelopmentofSmallHydropower
Plants-Design
Part6-1:HydraulicMachineryandTurbineGenerator

1 Scope

ThisPartofDesignGuidelinesspecifiesthetypeselectionandarrangementofthemainandauxiliary
hydraulicmachinery,thetypeselectionandarrangementoftheturbineaswellastheselectionofthe
heating,ventilationandfireprotectionsystemsofansmallhydropower(SHP)station.

2 Normativereferences

Thefollowingdocumentsarereferredtointhetextinsuchawaythatsomeoralloftheircontent
constitutesrequirementsofthisdocument.Fordatedreferences,onlytheeditioncitedapplies.For
undatedreferences,thelatesteditionofthereferenceddocument(includinganyamendments)

applies.

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddef-
initions.

3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninIECTR61364andSHP/TG001
apply.

4 Turbine

4.1 Generalrequirementsforturbinetypeselection

4.1.1 Thetypeandbasicparametersoftheturbineshallbeselectedonthebasisoftechnicaland
economiccomparisoninaccordancewiththehydraulicenergyparameters,thelayoutandoperating
characteristicsofthehydropowerstation,thetechnicalfeatures,economicindexes,operationrelia-
bility,technicallevelofthedesignandmanufacture,thetransportationandincombinationwiththe
siteconditions.

1
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4.1.2 Theturbinetypeselectionshallincludethefollowingcontents:

a) Selectionofthetypeandinstallationmode;

b) Selectionofthenumberofinstalledunitsandtheunitcapacity;

c) Selectionoftheratedheadoftheturbine;

d) Selectionofthebasicparametersoftheturbine,includingtheshaftpower,runnerdiameter,

ratedspeed,rateddischarge,efficiency,staticsuctionheadandthesettingelevation.Forthe
impulseturbine,thejetdiameter,numberofnozzlesandthestaticdischargeheadshallbese-
lected;

e) Selectionoftheappropriatemodelrunnerandtheplottingoftheturbineoperatingcharacteristic
curve;

f) Estimationoftheoveralldimensions,weightandcostofthemaincomponentsoftheturbine.

4.1.3 Basicinformationforturbineselectionshallinclude:

a) Turbinenethead(includingthemaximumhead,theminimumheadandtheweightedaverage
head);

b) Theoperatingdischargeofthehydropowerplant(thesumofthedischargesenterintoeachtur-
bineinahydropowerplant);

c) Installedcapacityofthehydropowerstation;

d) Upstream/downstreamwaterlevel;

e) Parametersofthepowergenerationandwaterconductorsystems(includingthearrangement,

length,pipediameterandheadlossesofallwaterconductorsystemsfromthewaterinletfor
thegenerationtothetailwateroutletofthehydropowerstation);

f) Tailwaterlevel-dischargerelationcurve;

g) Firmoutputofthehydropowerstation,thepowerweightingfactorcanbeprovidedwhennec-
essary;

h) Operationmodeofthehydropowerstationinthepowersystem,andreservoiroperationand
regulationmodes;
2
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i) Qualityofthewaterpassingthroughtheturbine(includingthesedimentconcentrationthrough
theturbine,theparticlesizegrading,Moh’shardness,mineralcomposition,pHvalueand
watertemperature);

j) Meteorologicalconditionsofthehydropowerstation(includingtheairtemperature,watertem-

peratureandrelativehumidity);

k) Geographicpositionofthehydropowerstation(includingthesealevelelevation,atmospheric

pressureandgravitationalaccelerationofpowerhouse).

4.2 Selectionoftheratedhead

4.2.1 Theratedheadofturbineshallbeselectedthroughtechnicalandeconomiccomparisoninac-
cordancewiththeheadvariationofthehydropowerstation,theregulatingcharacteristicoftheres-
ervoir,thestableoperationrequirementsoftheunit,theoperationmodeofthehydropowerstation
inthepowersystemandthecharacteristicsofthepowergenerationandwaterconductorsystems.

4.2.2 Asforthehydropowerstationwiththemedium/highhead,theratedheadshouldbeselected
withintherangeof0.85to0.95timestheweightedaveragehead.

4.2.3 Asfortherun-of-riverhydropowerstation,theratedheadshallguaranteethattheinstalled
capacityofthehydropowerstationisfullyusedforgeneratingpower.

4.2.4 Asforthehydropowerstationinthemuddyriverwiththeoperationmodeof“storingclear
wateranddischargingmuddywater”,theratedheadshouldbeselectedwithintherangebetween
theweightedaverageheadandthelowerlimitproductiveheadinthestorageperiodofthereservoir.

4.2.5 Whentheratedheadisclosetotheminimumhead,itisnecessarytodemonstrateitsration-
alityandeconomicalefficiency.Withregardtotheimpulseturbinewithhighheadandsmallvariation
ofthereservoirwaterlevel,theminimumheadmaybeusedastheratedheadoftheturbine.

4.3 Turbinetypeselection

4.3.1 Theturbinetypeselectionshallmeetthefollowingrequirements:

a) Theturbinetypeshallbeselectedwithintheoperationheadrangeinaccordancewiththebasic

principlesin4.1.Thecommonturbinetypesandtheapplicableheadrangeshallmeettherequire-
mentsinTable1.

3
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Table1 Turbinetypesandtheapplicableheadrange

Turbinetype

Classifiedasper
theenergy

conversionmode

Classifiedasper
theflowdirection

Classifiedasperthe
structuralfeature

Applicableheadrange(m)

Reactionturbine

Tubularturbine

Axialflowturbine

Diagonalturbine

Francisturbine

Bulbturbine

S-typeturbine

Pitturbine

Rim-generatorturbine

Propellerturbine

Kaplanturbine

2~30

2~60

40~120

25~450

Impulse-type
turbine

Peltonturbine 60~1300

Inclined-jetturbine 50~250

Crossflowturbine 5~200

NOTE Theapplicableheadrangeistheparameterundernormalconditions.Theselectionofsmallturbinemaybede-
terminedthroughcomprehensivecomparisonaccordingtothespecificsituationandthespecialrequirements
ofthedifferentprojects.Theapplicableheadrangeforthevarioustypesofunitsinthesameheadsection
maybeappropriatelybroadened.

b) Asfortherun-of-riverhydropowerstationwithamaximumheadof20morlowerandaunitca-
pacityofmorethan10MW,thetubularturbineshouldbeselectedbypreference.

c) Whentherearetwoapplicableturbinetypesunderthesamehead,theselectionshallbemadeby
technicalandeconomicalcomparisonintherespectofthetechnicalcharacteristicparameters,

theeconomicindicators,operationalreliabilityandthedesignandmanufacturingdifficulty.

4.3.2 Theselectionofmodelrunnershallmeetthefollowingrequirements:

a) Themodelrunnershouldbeselectedincombinationwiththeselectedturbinetypeandthecom-
parisonshouldbecarriedoutaccordingtotheoperationheadofthehydropowerstation,anda
reliablemodelrunnerwithmaturetechnologyshouldbeusedafterappropriatetechnicalandeco-
nomicalcomparisonofthebasicparametersoftheturbine.

b) Themodelrunnershallhaverelativelyhigherenergyandcavitationperformance,anditsper-
formanceshallbefreefromanyobviouspressurepulsationorcavitationerosionunderalloper-
atingconditions.

c) Forthehydropowerstationinthemuddyriver,itisnecessarytoselectthemodelrunnerwitha
4
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relativelylowerrotationalspeed;forthehydropowerstationwithbigheadvariation,itisnec-
essarytoselectthemodelrunnerwithwiderstableoperatingrange;forthehydropowerstation
inhighaltitudelocalities,itisnecessarytoselectthemodelrunnerwiththeappropriatecavita-
tionperformanceincombinationwiththesettingelevationfactors.

4.3.3 ThelayoutoftheverticalshaftandhorizontalshaftFrancisturbinesandimpulseturbinesshall
becombinedwiththesingleunitcapacity,thediameteroftherunner,andtheappropriatespeedand
plantlayoutforacomprehensivecomparison.ThehorizontalshaftshouldbepreferredforSHPs.

4.4 Selectionofthebasicparametersofthereactionturbine

4.4.1 Thebasicparametersofthereactionturbineshallbeselectedaftertheprimaryselectionof
theunitcapacity,ratedheadandmodelrunner;themainparametersincluderunnerdiameter,rated
speed,rateddischarge,ratedefficiency,ratedpower,staticsuctionhead,maximumrunaway
speed,maximumhead,minimumhead,designheadandtheweightedaverageefficiency.

4.4.2 Areasonableschemeofthebasicparametersofturbineshallbeselectedfromanumberof
differentcombinationsoftheparametersbytechnicalandeconomiccomparisoncombinedwiththe
powerstationlayout,theactualtopographyandgeologicalconditions,theoperatingwaterhead
rangeandthereservoirregulationcharacteristics,aswellasthetechnicalcharacteristics,economic
indicators,operationalreliability,anddesignandmanufacturingtechnologylevel.

4.4.3 Afterdeterminingthemainparametersoftheturbine,theturbineoperatingperformance
curveincludingtheequalefficiencycurve,equalcavitationcurveandoutputlimitationcurveshould
bedrawn.

4.4.4 Theaxialhydraulicthrustandtheweightofmaincomponentsshouldbeestimated.

4.4.5 Theturbineshallhavehigherweightedaverageefficiencyandtheoperatingrangeshallinclude
thehighefficiencyarea.Intheworkingheadrange,theturbineshallhaveagoodoveralloperating
conditionandnoobviousvibrationarea.

4.4.6 Thestaticsuctionheadandsettingelevationoftheturbineshallbedeterminedaccordingto
thefollowingrequirements:

a) Thestaticsuctionheadofthereactionturbineshallberespectivelycalculatedinaccordancewith
theoperatingconditionsunderthedifferentcharacteristicheadsandtheircorrespondinginitial
cavitationcoefficientsσi.Ifnoinitialcavitationcoefficientσiisavailable,itmaybecalculated
bymultiplyingthecriticalcavitationcoefficientbytheratiocoefficientKσ.

b) Undertheconditionthatthepowerplantunitssharethetailwaterpool,when1or2unitsare
installed,therequirementsofthestaticsuctionheadandthetailwaterlevelofaunitat50%
maximumoutputoperationundervariouswaterheadsshouldbesatisfied;whenmorethan

5
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2unitsareinstalled,therequirementsofthestaticsuctionheadandthetailwaterlevelofone
unitatmaximumoutputoperationundervariouswaterheadsshouldbesatisfied.

c) Todeterminethedesigntailwaterlevelofthesettingelevation,factorssuchastherelationship
betweentailwaterlevelanddischarge,initialgenerationrequirements,floodcontrolrequire-
mentsand operational waterlevelofthe downstream cascade powerstations shallbe
consideredcomprehensively.

d) Thesettingelevationoftheturbineshallmeettherequirementsforthestaticsuctionheadand
thecorrespondingtailwaterlevelundervariousoperatingconditions,andshallcomplywiththe
requirementsthattheminimumsubmergeddepthoftheupperedgeofthedrafttube(orthe
tailracetunnel,excludingthetailracetunnelwithslopingceiling)outletshallnotbelessthan
0.3mto0.5m.

e) Theinstallationelevationshallbedeterminedbytechnicalandeconomiccomparisononthebasis
oftheactualtopographicandgeologicalconditionsoftheproject,thelayoutoftheplantand
otherfactors.

4.4.7 ThemaximumrunawayspeedoftheFrancisorpropellerturbineshallbedeterminedbythe
maximumnetwaterheadandthemaximumunitrunawayspeed.Themaximumrunawayspeedofthe
Kaplanturbineshallbecalculatedaccordingtothecombinedrelationship.Whentherearespecialre-
quirements,itmaybecalculatedaccordingtothedamagefromthecombinedrelationship.

4.4.8 TheturbinerunnerdiametershallbecalculatedbytheFormula(1).

D1=
Nf

9.81Q'1H1.5
sjηTηf

…………………………(1)

where

D1 isthenominaldiameterofrunner,inm;

Nf istheratedpowerofgenerator,inkW;

Q'1 istheunitdischargeunderdesignconditions,inm3/s;

Hsj istheratedhead,inm;

ηT istheprototypeturbineefficiency;

ηf istheratedefficiencyofgenerator.

4.4.9 TheratedspeedshallbecalculatedbytheFormula(2):
6
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nr=
n'1 Hpj

D1
…………………………(2)

where

nr istheratedspeed,inr/min;

n'1 istheunitspeed,inr/min;(1-1.05)n'10istakenforFrancisturbine;1.1n'10istakenforhigh
specificspeedaxial-flowturbine;

Hpj istheweightedaveragehead,inm.

4.4.10 SeeAppendixAforreferenceformulasfortherateddischargeQr,staticsuctionheadHS,

settingelevationÑoftheturbineandthecorrectioncalculationofthereactionturbineefficiency.

4.5 SelectionofbasicparametersofthePeltonturbine

4.5.1 ThebasicparametersofthePeltonturbineshallbeselectedaftertheprimaryselectionofthe
unitcapacity,ratedheadand modelrunner;the mainparametersincludetheratedhead,rated
speed,rateddischarge,ratedpower,pitchdiameter,jetdiameter,ratioofrunnerdiametertojet
diameter(m-value),bucketnumbers,ratedefficiency,maximumhead,minimumhead,design
head,runawayspeedandstaticdischargehead.Theselectionofthebasicparametersoftheturbine
shallbedeterminedthroughtechnicalandeconomiccomparison.

4.5.2 Afterthemainparametersoftheturbinearedetermined,theturbineoperatingperformance
curvesincludingtheturbineoutputlimitationcurveandtheequalefficiencycurveshallbedrawn.

4.5.3 ThebasicparametersofthePeltonturbinemaybecalculatedwiththefixedspecificspeed
method,andconvertedbythecombinedmodelcharacteristiccurve,orcalculatedwiththevariable
specificspeedmethod.

4.5.4 ThenumberofnozzlesofthePeltonturbineisusually1,2or4;thenumberofnozzlesshall
beselectedwithconsiderationgiventothearrangementofthenozzlestoavoidthemutualinterfer-
enceofthejetflow.

4.5.5 Whenselectingthenumberofbuckets,itisnecessarytoavoidthejetflowfunnelphenome-
non,meanwhilethearrangementandprocessingofthebucketsshallbetakenintoaccount.

4.5.6 Asforthemulti-nozzleturbines,thejetflowintersectionangleshallnotbeamultipleinteger
oftheintersectionanglebetweentheadjacentbuckets.

4.5.7 Forensuringtherelativelyhighefficiencyoftheturbine,m-valueshouldbeselectedinthe
rangeof10to20;whenselectingthe m-value,themanufacturingmodeoftherunnerandthe

7
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strengthofthebucketshallbeconsidered;usually,thelargevalueshouldbetakenforthehighhead
andthesmallvalueshouldbeforthelowhead.

4.5.8 Whencalculatingtheunitdischargeoftheturbine,thedifferenceofthem-valuebetweenthe
realturbineandthemodelturbineshallbeconsidered;itsunitdischargemaybeconvertedbythe
Formula(3):

Q″1=(m/mM)2×Q'1 …………………………(3)

where

Q″1  istheunitdischargeofthemodelturbine,inm3/s;

Q'1 istheunitdischargeoftherealturbine,inm3/s;

m isthem-valueoftherealturbine;

mM isthem-valueofthemodelturbine.

4.5.9 TheefficiencyofthePeltonturbinemaynotbecorrected.Whenthem-valueoftheturbine
exceedstherangeof10to20,about0.5%negativecorrectionmaybeconsidered.

4.5.10 Theoperationrangeoftheturbineshallincludethehighefficiencyarea.

4.5.11 ThemaximumunitrunawayspeedofthePeltonturbinemaybe70r/min.themaximumrun-
awayspeedshouldbedeterminedaccordingtothemaximumwaterheadconditions.

4.5.12 ThestaticdischargeheadofthePeltonturbineshallbeselectedtoensurethesafeandstable
operationoftheturbine,avoidtheinfluenceofthetailwatersurgeandkeepsufficientventilation
heightforthetailraceatthemaximumtailwaterlevelandunderanypowergeneratingconditionof
thehydropowerstation.

4.5.13 Thestaticdischargeheadshallbethediameter(1to1.5)D1oftherunnerpitchcircle.The
horizontalshaftunitshouldtakeasmallvalue,andtheverticalshaftunitshouldtakealargevalue.
Whendeterminingthestaticdischargehead,thenecessaryventilationheightshallbeensured,and
theventilationheightshouldbenolessthan300mm.

4.5.14 Therunnerdiameterandthem-valueshallbecalculatedbytheFormula(4)andtheFormula(5):

D1=
(39~40) Hsj

nr
…………………………(4)
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m =
D1

d0
…………………………(5)

where

D1 isthepitchdiameterofthebucket,inm;

m istheratiooftherunnerdiametertothejetdiameter.

Them-valueshouldbeintherangeof10to20.Smallvalueshouldbetakenforthelowheadand
largevalueshouldbetakenforthehighhead.

4.5.15 SeeAppendixBforthereferenceformulasfortheestimationofthejetdiameterd0,rated
speednr,nozzlediameterdpandthenumberofbucketsZ1ofthePeltonturbineandthecalculation
ofthestaticdischargeheadhpandsettingelevationÑ.

4.5.16 Thebasicparametersoftheinclined-jetturbinemaybeselectedwithreferencetothere-
quirementsinthissection.

4.6 Unittransientperformanceanalysis

4.6.1 Calculationofturbinetransientperformanceshallbeconductedaccordingtothe main
electricalconnectionmodeofthehydropowerstation,thepowergridrequirements,typeandpa-
rametersofthewaterconductorsystemofthehydropowerstation,thecharacteristicsandparame-
tersoftheturbinegeneratorunitsaswellastheoperatingconditions.

4.6.2 Asforthehydropowerstationwithbifurcated/trifurcatedpenstocks,themaximumspeedin-
creaserateoftheunitsandthemaximumpressureincreaserateattheendofthespiralcasingshall
becalculatedaccordingtothenumberofunitsconnectedtothemainpenstockandthemainelectrical
connectionmode,aswellasthenumberofunitsthatmaybesimultaneouslyperformloadrejection.

4.6.3 Asforthehydropowerstationwitharelativelysimplerpowergenerationandwaterconductor
system,thecalculationoftheturbinetransientperformancemaybeconductedbytheempiricalfor-
mula,andwiththenumericalmethodoranalyticalmethod;asforthehydropowerstationwitha
complexwaterconductorsystem,thecalculationshallbemadebycomputersimulation.

4.6.4 Axial-flowandtubularturbineunitsmaybeequippedwithatwo-stageclosingdevice.

4.6.5 ThewaterflowinertiatimeconstantTwofthewaterconductorsystem withoutapressure
regulatingfacilityshallnotbegreaterthan4s;theinertiatimeconstantTaofthereactionturbine
unitshallnotbelessthan4sandtheinertiatimeconstantTafortheimpulseturbineunitshallnotbe
lessthan2s.TheTw/Taratioshouldnotbegreaterthan0.4;ifTw/Taratioisgreaterthan0.4,the
stabilityofthewaterdiversionsystemandunitmaybecalculatedincaseofsmallfluctuations.
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4.6.6 Whencalculatingtherisingratiooftherotationalspeedoftheaxial-flowandtubularturbine
units,itisnecessarytoincludetheinfluenceoftheinertia momentofthe waterflow;the
calculationofturbinetransientperformanceshallincludethepressureofthereversewaterhammer.

4.6.7 Theguaranteedvalueofthemaximumspeedincreaserateoftheunitduringtheloadrejection
shallbeselectedaccordingtothefollowingdifferentcircumstances:

a) Theguaranteedvalueshouldbelessthan50% whentheunitcapacityaccountsforalargepro-

portionofthetotalcapacityofthepowersystemortheunitisresponsibleforfrequencymodu-
lation.

b) Theguaranteedvalueshouldbelessthan60%to65% whentheproportionoftheunitcapacity
tothetotalcapacityofthepowersystemisnotlarge,ortheunitisnotresponsibleforfrequen-
cymodulation.

c) Themaximumspeedincreaserateofthetubularturbineunitshouldbelessthan65%.

d) Themaximumspeedincreaserateoftheimpulseturbineunitshouldbelessthan30%.

4.6.8 Incaseofloadrejection,theguaranteedvalueofthemaximumpressureincreaserateatthe
endofthespiralcase(infrontofthemovableguidevaneofthetubularturbineunit)shallbeselect-
edasperthefollowingcircumstances:

a) Theguaranteedvalueshouldbe70%to100%iftheratedheadislessthan20m.

b) Theguaranteedvalueshouldbe70%to50%iftheratedheadis20mto40m.

c) Theguaranteedvalueshouldbe50%to30%iftheratedheadis40mto100m.

d) Theguaranteedvalueshouldbe30%to25%iftheratedheadis100mto300m.

e) Theguaranteedvalueshouldbelessthan25%iftheratedheadismorethan300m.

4.6.9 Whentheunitloadsuddenlyincreasesordecreases,theminimumpressureatthehighest

pointofallsectionsofthepressureconveyancesystemshallnotbelessthan0.02MPa,andtheneg-
ativepressureflowseparationphenomenonshallnotoccur.

4.6.10 Incaseofloadrejection,themaximumvacuumguaranteedvalueattheentrancesectionof
thedrafttubeshallnotbegreaterthan0.08MPa.
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5 Generator

5.1 Generalrequirementsforgeneratortypeselection

5.1.1 Thegeneratorshallbeselectedthroughtechnicalandeconomiccomparisonmainlyinaccord-
ancewiththetypeandtheparametersoftheturbineandtherequirementsofthepowersystem,and
incombinationwiththeparameterssuchastheunitoutput,rotationalspeed,unitconfigurationand
layoutdeterminedduringturbineselection.

5.1.2 Thetypeselectionforthegeneratorshallincludethefollowingconsideration:

a) Ratedpower/apparentpowerofthegenerator(Pr/Sr);

b) Ratedvoltageofthegenerator(Ur);

c) Ratedspeed(nr);

d) Ratedfrequency(fr);

e) Ratedpowerfactor(cosΦ);

f) Insulationgrade;

g) Excitingmode;

h) Ventilation-coolingtypeofthegenerator;

i) Momentofinertiaofthegenerator(GD2);

j) Estimationofthedimensions,weightandcostofthemaincomponentsofthegenerator.

5.1.3 Theselectionofgeneratorshallbebasedonthefollowingfactors:

a) Determinethepowerandrotationalspeedaccordingtotheturbinecharacteristics;

b) Determinethevoltageandpowerfactoraccordingtotherequirementsoftheelectricalpower
system;

c) Determinethemomentofinertiaofthegeneratoraccordingtothecalculationoftheturbine
transientperformanceofthehydropowerstationandtherequirementsofthepowersystem;

d) Determinethestructuralstyleofthegeneratoraccordingtothegeneralsituation.
11
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5.2 Selectionofrateddataandmainparameters

5.2.1 Thegeneratorpowershallmeetthefollowingrequirements:

a) Relationshipbetweenthegeneratorpowerandturbineoutput:

1) Directlycoupledunit:theratedpowerofthegeneratorshallbeequaltotheratedoutputof
theturbinemultipliedbythegeneratorefficiency;

2) Boosterunit:theratedpowerofthegeneratorshallbeequaltotheratedoutputofthetur-
binemultipliedbytheboosterefficiencyandbythegeneratorefficiency.

b) Priorityselectionseries(MW)ofgeneratorratedpower:

0.5,0.63,0.8,1.0,1.25,1.6,2.0,2.5,3.2,4.0,5.0,6.3,8.0,10.0

5.2.2 Thegeneratorvoltageshallmeetthefollowingrequirements:

a) Therequirementsofthenationalpowergrid.

b) Theselectionofratedvoltageshallconsiderthevaluerangeoftheratedcurrent.Theratedcur-
rentshallbecalculatedbytheFormula(6):

Ir=
1000Pr

3Urcosφ
…………………………(6)

where

Ir  istheratedcurrent,inA;

Pr istheratedpower,inMW;

Ur istheratedvoltage,inV;

cosφisthepowerfactor.

5.2.3 Thegeneratorpowerfactorsshallmeetthefollowingrequirements:

a) Theratedpowerfactormaylag0.8or0.92underthepremiseofmeetingtherequirementsofthe
powergrid;

b) Thegeneratorisallowedtooperateinleadingphaseatratedpower;
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c) Itispreferabletoselectahigherpowerfactorvaluewhenthesystempermits,selectalower
valuewhenthehydropowerstationisclosetotheloadcentreandselectahighervaluewhenthe
transmissiondistanceislong.

5.2.4 Thesynchronousspeedofthegeneratorshallmeetthefollowingrequirements:

a) Theratedsynchronousspeedofthegeneratorshallbedeterminedbytheturbinetype.Itshallbe
calculatedbytheFormula(7):

nr=
60fr

p
…………………………(7)

where

nr istherotationalspeed,inr/min;

fr isthegridfrequency,inHz;

p isthenumberofpolepairs,2preferstothenumberofpoles.

b) ThesynchronousspeedofconventionalgeneratorisshowninTable2.

Table2 Optionalrotationalspeedforthesynchronousgenerator

Numberof

poles2p
4 6 8 10 12 14 16 (18) 20 (22) 24

nr(50Hz) 1500 1000 750 600 500 428.6 375 (333.3) 300 (272.7) 250

nr(60Hz) 1800 1200 900 720 600 514.3 450 (400) 360 (327.3) 300

Numberof

poles2p
(26) 28 30 32 (34) (36) 40 42 (44) 48 (50)

nr(50Hz) (230.8) 214.3 200 187.5 (176.5) (166.7) 150 142.9 (136.4) 125 (120)

nr(60Hz) (276.9) 257.1 240 225.0 (211.8) (200) 180 171.4 (163.6) 150 (144)

Numberof

poles2p
(52) 56 60 64 (66) (68) 70 (72) (78) 80 …

nr(50Hz) (115.4) 107.1 100 93.8 (90.9) (88.2) 85.7 (83.3) (76.9) 75 …

nr(60Hz) (138.5) 128.6 120 112.5 (109.1) (105.9) 102.9 (100) (92.3) 90 …

NOTE Thevalueswithoutbracketsaretherecommendedspeeds;thevaluewithinbracketsmaybeselectedwhen
necessary.

c) ThecoefficientfordeterminationoftheunitrotationalspeedshallbecalculatedbytheFormula
(8);thecoefficientfordeterminationoftherotationalspeedshallmeettheprovisionsof
Table3:
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Kn=Pr(10-3nr)3 …………………………(8)

where

Kn isthecoefficientfordeterminationoftherotationalspeed;

Pr istheratedpower,inMW;

nr istheratedrotationalspeed,inr/min.

Table3 Coefficientfordeterminationoftherotationalspeed

Kn Kn≤0.01 0.01<Kn≤0.15 0.15<Kn≤2

2<Kn≤4

Fortheverticaltype
nr≥1000

Forthe
horizontaltype

nr≥1500

Kn>4

Rotational
speedtype

Ultra-lowspeed Lowspeed Mediumspeed Highspeed
Ultra-high
speed

NOTE Neithertheultra-lowspeednortheultra-highrotationalspeedispreferablefortheunits.Itisnecessaryto

performthedetailedtechnicalassessmentwhentheultra-highrotationalspeedhastobeselected.

5.2.5 Therelationshipbetweengeneratorpowerandefficiencyshallmeettherequirementsin
Table4.

Table4 Relationshipbetweenoutputandefficiency

P (MW) 0.5<P≤1.0 1.0<P≤2.0 2.0<P≤5.0 5.0<P≤10

Efficiency(%) 90~94.5 90~95.5 92~96 93~96.5

5.2.6 TheinsulationgradeofthegeneratorshallbeGradeF.Inthehighaltituderegionorunderspe-
cialambientairtemperature,thetemperatureriseshallbecorrected.

5.2.7 Themomentofinertiashallmeetthefollowingrequirements:

a) ThemechanicaltimeconstantshallbecalculatedbytheFormula(9);thevaluerangeshallmeet
theprovisionsofTable5.

Tmec=2.74GD2(10-3nr)2/Pr ……………………(9)

where

Tmec isthemechanicaltimeconstant;
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GD2 isthemomentofinertia,int·m2;

nr istheratedspeed,inr/min;

Pr istheratedpower,inMW.

Table5 ValuerangeofTmec

nr(r/min) 1500≤nr≤1000 750≤nr≤428.6 375≤nr≤200 nr<200

Tmec(s) 2~3.5 2.5~5 3~6 3.5~6.5

NOTE Forthelow-speedgeneratorandthehigh-powergenerator,itisallowedtoselectthehighervalueinTable5;

forthehigh-speedgeneratorandlow-powergenerator,itisnecessarytoselectthelowervalue.

b) Themethodofincreasingthemomentofinertiashallmeetthefollowingrequirements:

1) Asmallincreasemayberealizedbyincreasingtheweightoftherotorsectionwithlarger
rotarydiameter;

2) Arelativelygreaterincreasemayberealizedbyincreasingtheexternaldiameterofthesta-
torironcore;

3) Forthehorizontalunit,themomentofinertiamaybeincreasedbyinstallingadditionalfly-
wheelaccordingtotheprovisionsinTable6.

Table6 Momentofinertiaincreasedbyadditionalflywheel

nr(r/min) 1500 1000 750 600、500 ≤428.6

GD2(tm2) 0.2~0.7 0.3~1.4 0.5~3 0.75~4.5 1~6

NOTE Takethehighervalueforhigh-powergeneratorandthesmallervalueforlow-powergenerator.

d) Determinationofthemomentofinertiaoftheunitshallmeetthefollowingrequirements:

1) Themomentofinertiafortheunitshallbedeterminedthroughcalculationoftheregulation

guaranteeofthehydraulicsystemofthehydropowerstation;

2) Thevalueforthemomentofinertiashallbereasonable;whentherelativelyhighermoment
ofinertiaisrequired,itisnecessarytocomprehensivelyconsidertheinfluencesongenera-
tordimension,appearance,efficiency,stabilityandweight.

5.2.8 Thevalueforthegeneratorshort-circuitratioshallbeintherangeprovidedinTable7.Higher
valueisfortheunitoperatinginthesmallpowergridandforthelow-speedunit,andthelowervalue
isforthehigh-speedunit.
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Table7 Valueforthepowerfactorandtheshort-circuitratio

Powerfactor(lag) 0.8 0.85 0.9

Short-circuitratio 0.9~1.0 0.95~1.05 1.0~1.1

5.3 Selectionofthegeneratormechanicalstructure

5.3.1 Theexternaldiameterofthestatorironcoreshallbeselectedasfollows:

a) Commonexternaldiametersofthestatorcoreinclude(mm):740,850,990,1180,1430,

1730,2150,2600,2860,3250,3300,3600,3850,4250,4650,5000,5500and6000;

b) TheconventionalexternaldiameterofthestatorcoremaybeestimatedbytheFormula(10):

D ≈1500
Pr

1.25

nr
kd

æ

è
ç

ö

ø
÷

0.25

…………………………(10)

where

D isthepreliminarily-calculateddiameterofthestatorcoreexternaldiameter,inmm;

Pr istheratedpower,inMW;

nr istheratedspeed,inr/min;

Kd isthevaluecoefficient:1.3forultralowspeed,1.4forlowspeedand1.5forotherspeeds.

c) Theexternaldiameterofthestatorcoreoftheverticalreactionturbineunitmaybecalculated
bytheFormula(11):

D ≈KSD1 1+
2.7
2P

æ

è
ç

ö

ø
÷ …………………………(11)

where

D1 istherunnerdiameter,inmm;

KS isthevaluecoefficient,take1.35fortheaxial-flowturbineand1.45fortheFrancistur-
bine;

2P isthenumberofpolesofthegenerator.

d) ThevalueDforthegeneratorshallbeestimatedbytheFormula(10),anothervalueDforthe
61

SHP/TG002-6-1:2019



verticalreactiongeneratorshallbeestimatedbytheFormula(11)asiftheheadcoverislifted
outinitsentiretyfromtheinnercircleofthecore;thehighervalueshallbeselectedaftercom-
parison,andthenasimilarsizeisselected;

e) Asmallerexternaldiameterofthestatorcoreshouldbeselectedtoreducethecentreheightof

thehorizontalunit.

5.3.2 Thebearingsshallmeetthefollowingrequirements:

a) Eachturbine-generatorshallbeequippedwithatleasttwobearings,whichshallbeselectedby
themanufactureraccordingtotheloadconditions.

b) Rollingbearingappliestotheseriesofthehorizontalgeneratorwithacoreexternaldiameterof
990mmorsmallerandtheunithastwoorthreeorfourfulcrums,aswellastheverticalgenera-
torwithacoreexternaldiameterof1180mmorsmallerwhichdoesnotsustaintheweightof
therotarypartandtheaxialhydraulicthrustoftheturbine.

c) Slidingbearingappliestoallthegenerators.

d) Exceptthatthehorizontalimpulseunitisfittedwithonlytwotransversebearings,theother

generatorsshallbefittedwithatleastonethrustbearing.

5.4 Selectionofgeneratorauxiliaryequipment

5.4.1 Thecoolingmodeofthegeneratorshallbeaircooling,andtheventilationmodesmainlyin-
cludeclosedrecirculation,ductventilationandopen-typeventilation.

a) Closedrecirculation:thehotairgeneratedfromthecoolingofthegeneratoriscooledbytheair
cooler,andthenreturnedtothegeneratorinaclosedloopwhichappliestoalltypesofgenera-
tors.Theclosed-recirculationaircoolerofthehorizontalgeneratormaybearrangedinthetur-

binepitbythesideoronthetopofthegenerator.

b) Ductventilation:includestheordinaryductventilationstructurewithdirectaxialairinletand
theclosedductventilationstructureabsorbingairfromtheturbinepit.

c) Open-typeventilation:takeairfromthepowerhousetocooldownthegeneratorandthendis-
chargethehotairdirectlyintothepowerhouse.

d) TheapplicablerangeofthedifferentventilationmodesmaybereferredtoTable8.Generators
withinthepoweroverlaprangeshallbeselectedaccordingtodifferentambienttemperatures.
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Table8 Applicablerangeofthedifferentventilationmodes

Ventilationmode
Open-type
ventilation

Ordinaryduct
ventilation

Closedduct
ventilation

Closedrecirculation
ventilation

Power(MW) ~1.0 0.8~3.2 2.5~6.3 3.2~

5.4.2 Theunitwiththeslidingbearingshouldbeequippedwithmechanicalbrakingdevices,while
theimpulseturbineunitwithreversejetbrakingmaynotbeequippedwithmechanicalbrakingde-
vice.Thebrakingdeviceshallmeetthefollowingrequirements:

a) Thebrakingmediumofthemechanicalbrakingdeviceshouldbe0.7MPacompressedair,orthe
pressureoilofthegovernorwithreducedpressuremaybeusedasthebrakingmedium.

b) Thebrakeshoesshallbemadeofasbestos-freeenvironmentally-friendlymaterial.

c) Inthemechanicalbrakingdevicefortheverticalgenerator,thepressureoilshallbeabletojack
uptherotatingpartoftheunitandthelocksafelyonanyposition,andthebrakewithapiston
diametergreaterthan100mmshallemploytheoil-gasseparationstructure.

5.4.3 Thefireextinguishingmethodofhydropowerstationsandgeneratorsshallbeselectedac-
cordingtothenationalfirecontrolregulations.

5.4.4 Thedehumidifiershallbeinstalledaccordingtodifferentenvironmentalhumidityandunitca-
pacity.Thedehumidifiermaybeelectricheateranddehumidifier.Incaseoftheelectricheater,the
airtemperatureintheturbinepitshallbe5Khigherthantheambienttemperature,andtheinsulation
shallnotbedamagedbylocalhightemperature.

6 Turbinegoverningsystem

6.1 Basicprinciplesofgoverningsystemselection

6.1.1 Theturbinegoverningsystemshallbeabletoreliablycontroltheunitunderalloperatingcon-
ditionsandstart/stopthemachineinthetimerequiredbythecalculationoftheregulationguarantee.

6.1.2 Inordertoensurethesafetyofpowerstationequipmentanduserswhendisconnectingwith
thesystem,theautomaticmicrocomputer-basedturbinegoverningsystemshallbeequippedforthe
unitwiththepossibilitythatoperatingwithinanisolatedgrid.

6.1.3 Asforthesmallandmicrounitswithoutthefrequencyregulationtaskandwithnoneedto
guaranteetheauxiliarypowerwhentheunitbreaksdown,theelectricactuatororhydraulicactuator
maybeused,butitshallensurethattheunitcouldstopsafelyandreliablywhenitbreaksdown.As
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forthehydropowerstationwithouttheDCoperatingpowersupply,theactuatorshallbeequipped
withtheemergencyshutdowndeviceforpowerfailure.

6.1.4 Asforthegovernorwiththepressureregulatingvalvecontrolfunction,thecontrolofits
pressureregulatingvalveshallemploythehydraulic-coordinatedmechanism.

6.1.5 Thehighoilpressure(10MPaandabove)bladder-typeenergyaccumulatorandtheexternal
servomotorshouldbeadopted.

6.1.6 Thegovernorshallsatisfyallrequirementsofautomaticregulationandremotecontrol.It
couldbeoperatedmanuallyandmeetthedemandsintheprocessofstarting,stopping,emergency
stopping,andtheoverhaulprocessoftheunit.

6.2 Operatingcapacityofthegovernor

6.2.1 Theoperatingcapacityofthegovernorshallbeselectedsothattheunitcouldbereliablycon-
trolledunderthemaximumheadandthemaximumdischargeandbestartedandstoppedasperthe
timerequiredbythecalculationoftheregulationguarantee.Theoperatingcapacityofthegovernor
shallhavesufficientreserveallowance.

6.2.2 TheoperatingcapacityofthegovernorforthemediumandsmallsizedFrancisandaxial-flow
fixedbladepropellerturbinemaybecalculatedbytheFormula(12):

A=KQ HmaxD1 …………………………(12)

where

A  istheoperatingcapacityofservomotor,inN·m;

K isthecoefficient,valuerange:250to300;

Q istherateddischargeofunit,inm3/s;

Hmax isthemaximumhead,inm;

D1 isthediameteroftheturbinerunner,inm.

6.2.3 SeeAppendixCforthereferenceformulasforthecalculationoftheoperatingcapacityofthe
governingsystemsoftheimpulseturbine,Kaplanturbine,S-typeturbineandbulbturbine.

6.3 Controlsystemofthegovernor

6.3.1 Thecontrolsystemofthegovernorshouldemploythesinglemicrocomputersystemandbe
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connectedwiththePIDstructureinparallel.

6.3.2 Advancedandmaturehardwareandsupportingelectroniccomponentsshouldbeadopted,and
thehardwareshouldbetheprogrammablelogiccontroller(PLC)orthesinglechip,andtheinterface
communicatingwiththemonitoringsystemshallbeequipped.

6.3.3 Thecontrolsystemofthegovernorshallhavethefollowingbasicauxiliaryfunctions:fre-
quencytracking(orfastsynchronization),faultdetectionandtreatment,artificialdeadband,non-
disturbancemanualandautomaticswitchover,auxiliarytestandpartialfault-tolerance.

7 Mainvalveoftheturbine

7.1 Principlesofthemainvalveinstallation

7.1.1 Forthehydropowerstationswhereseveralturbinesaresuppliedbyonesinglepenstock,the
mainvalveshallbesetinfrontofeachturbine.

7.1.2 Fortheunitwaterconductorsystemofthedamtoehydropowerstationwiththeshortpen-
stock,orthelowheadunitwaterconductorsystemoftherunoffhydropowerstationortheriverbed
hydropowerstation,themainvalvemaynotbeequippedinfrontoftheturbine.

7.2 Selectionofthemainvalve

7.2.1 Themainvalveshallbeselectedbasedonthecomprehensiveanalysisofthetechnical,eco-
nomicandoperationalsafetyandreliability,accordingtothewaterhead,themaximumtransient
pressure,therateddischargeofturbine,thediameterofthespiralcaseinletandthesedimentchar-
acteristics.

7.2.2 Theselectionofmainvalveshallincludethefollowingcontents:

a) Mainvalvetype;

b) Designpressureandnominaldiameterofthemainvalve;

c) Operationmodeofthemainvalve;

d) Sealingtypeofthemainvalve;

e) Typeanddiameterofthebypassvalve;

f) Openingandclosingtimeofthemainvalve.
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7.2.3 Thefollowingbasicdatashallberequiredformainvalveselection:

a) Themaximumstaticheadandthemaximumtransientpressureatthemainvalveofthepower
station;

b) Ratedflowrateoftheturbine;

c) Spiralcaseinletdiameter;

d) Thecontentandcharacteristicsofthesedimentpassingthroughthemachine;

e) Lengthofthediversionsystemandtheemptyingtime.

7.2.4 Selectionofthemainvalvetype:

a) Thebutterflyvalve,sphericalvalveandgatevalveareoftenusedasthemainvalveofthetur-
bine.Whenthemaximumheadislowerthan250m,thebutterflyvalveshouldbeselected.
Whenthemaximumheadishigherthan250m(inclusive),thesphericalvalveorthegatevalve
shouldbeselected.Thebutterflyvalveusedasthemainvalveoftheturbineshallbeoftheec-
centricstructure,andthevalvebodyshallbemarkedwitharrowsindicatingthewaterflow
direction.Fullsizefixedsphericalvalveshallbeusedandshouldbearrangedhorizontally.The
gatevalveshallbeoffullsizestructureandthevalveshaftshallbeinstalledvertically.

b) Themainvalveshallbeabletobeclosedinflowingwater,andtheclosingtimeshallnotexceed
thetimeallowableforthecontinuousoperationoftheunitunderthemaximumrunawayspeed.
Themainvalveshallbeabletobeopenednormallyandnotproduceharmfulvibrationwhenthe
pressuredifferencebetweenbothsidesisnotgreaterthan30% ofthemaximumstaticwater
pressure.

7.2.5 Selectionofthebasicparametersofthemainvalve:

a) Thedesignpressureofthemainvalveisthemaximumtransientpressure,inMPa.

b) ThenominaldiameterofthebutterflyvalvemaybecalculatedbytheFormulas(13)and(14):

Df=
D0

α
…………………………(13)

α=1-0.0687
3
Hmax …………………………(14)

where

Df  isthediameterofthebutterflyvalve,inm;
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D0 isthediameterofsectionofthespiralcasinginlet,inm;

α isthecoefficientrelatedtothehead;

Hmax isthemaximumstaticheadofthehydropowerstation,inm.

c) Theoperatingmodeofthemainvalveshallmeetthefollowingrequirements:

1) Themainvalvemaybeoperatedmanually,hydraulicallyorelectrically.Forthehydropower
stationdesignednopersonnelonduty,themainvalveshallbeelectricallyorhydraulically
driven.

2) Thehydraulically-drivenmainvalvehasmainlytwotypesnamelythecounterweightandthe
accumulatortype.Thecounterweighthydrauliccontroldeviceopensthevalvewiththeoil
pressuresuppliedbytheoilpumpandclosesthevalvewiththecounterweight.Theaccu-
mulatortypecontroldeviceopensorclosesthevalvewiththeoilpressuresuppliedbythe
accumulatorandtheoilpumpisequippedtomaintaintheoilpressureintheaccumulator.
Thehydraulically-drivenmainvalveshallbeequippedwiththemanualmechanicallocking
deviceforoverhaul.

3) Themanualvalveshallbefittedwithalegiblearrowindicatingtheclosingdirection.

d) Thetypeselectionanddiameterofthebypassvalveshallmeetthefollowingrequirements:

1) Thebypassvalvemayemploythestraight-throughvalveortheanglevalve.Asfortheme-
diumandlowheads,thestraight-throughvalveisusuallyusedand,asforthehighhead,

theanglevalveisused.

2) Thedischargecapacityofthebypassvalveshallbegreaterthanthewaterleakageofthe
guidevane,anditsnominaldiametershallnotbelessthan10%ofthenominaldiameterof
themainvalve.

3) Asforthehighsedimentconcentrationandhighwaterhead,thediameterofthebypass
valvemaybepreliminarilycalculatedbytheFormula(15):

Dp=(0.29~0.33)
Qsj

Hsj

……………………(15)

where

Qsj isthedesigndischargeoftheturbine,inm3/s;

Hsj isthedesignheadoftheturbine,inm.
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e) Theadjustablerangeoftheopeningandclosingtimeofthemainvalveshouldbe60sto120s.
Theclosingtimeofthemainvalveinflowingwatershallnotexceedtheallowableoperating
timeoftheunitatmaximumrunawayspeed.

7.3 Selectionofsealingtypeofthemainvalve

Forthehighsedimentconcentrationandlowormedium waterhead,therubbersoftsealshouldbe
used;whentheheadishighandthesedimentconcentrationislow,themetalhardsealshouldbe
used.Theshaftendsealmayemploytheentire-loopsolidrubberseal.

8 Auxiliarysystem

8.1 Coolingwateranddrainagesystem

8.1.1 Thewatersupplysourceforcoolingandsealingshallreasonablybeselectedaccordingtothe
requirementsofthewatervolume,waterpressure,watertemperatureandwaterquality,andthe
specificconditionsofthepowerstation.Watermaybetakenfromreservoirs,penstock,powersta-
tiontailwaterorotherwatersourcesandthenpassedthroughafiltrationsystembeforefeedingto
bearingandgeneratorcoolersorshaftsealingarrangement.

8.1.2 Thewatersupplymodeshallbedeterminedaccordingtotherangeofwaterheadofthe
powerstation:

a) Whentheminimumheadislowerthan15m,thewatershouldbesuppliedbypump;

b) Whenthenetheadis15mto100m,thewatershouldbesuppliedbygravityflowingorgravity
flowingwithpressurereduction;

c) Whenthenetheadishigherthan100m,thewatershouldbesuppliedbygravityflowingwith
pressurereductionandothers.

8.1.3 Thewatersupplysystemshallbeabletobeoperatedautomatically.

8.1.4 Themainshaftsealingwateroftheturbineshouldbeprovidedwithstandbywatersupply
whichcouldbeputintouseautomatically.

8.1.5 Whenwaterissuppliedbypump,thestandbywaterpumpshallbeequipped.

8.1.6 Thewatersupplysystemshallbeequippedwiththewaterfilter.Whenthewaterfilteris
working,watersupplysystemshallnotbeinterrupted.Waterqualityofbearinglubricationwater
andmainshaftsealingwatershallmeettherequirementsoftheunit.
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8.1.7 Thewaterdrainagesystemshallbesetuprespectivelyforunitmaintenancedrainageand
plantleakagedrainage,andthefollowingrequirementsshallbemet:

a) Twodrainagepumpsshallbeinstalledfortheunitmaintenance,andthetotaldisplacementshall
beguaranteedtoexcludethetotaldisplacementofoneunitformaintenancewithin4hoursto
6hours.

b) Thereshallbenolessthantwodrainagepumpsfortheleakagedrainagesumpintheplant,one
ofwhichshallbesetaside.Thedrainagepumpsshallbeautomaticallycontrolledwiththechange
ofwaterlevelofthedrainagesump.

8.1.8 Theoutdoordrainagesystem withintheplantareashallbeanindependentsystem,which
shallnotfeedwaterintothedrainagesumporthedrainagegalleryintheplant.

8.1.9 Theleakagedrainagefromthepowerstationshouldnotbedirectlydischargedintotheriver
withouttreatment.

8.2 Oilsystem

8.2.1 Aturbineoilsystemmaybesetupaccordingtotheneedsofthehydropowerstation,andoil
treatmentandstorageequipmentshallbeequipped.Insulationoilsystemmaynotbeset.

8.2.2 Thevolumeoftheturbineoiltankshallmeettherequirementsofoilstorage,oilreplacement
duringoverhaulandoilpurification.Thevolumeoftheturbineoiltankshouldbe110%oftheoilcon-
sumptionoftheunitwiththelargestcapacity.

8.2.3 Theoiltreatmentequipmentshallincludetheoilpumpandoilpurificationequipment,andthe
types,capacityandquantityofwhichmaybedeterminedaccordingtotheoilconsumptionofthehy-
dropowerstation.

8.2.4 Acentraloilservicesystemshouldbeestablishedforthecascadehydropowerstationsora
groupofhydropowerstations.Thecentraloilservicesystemshallbeequippedwiththeoilstorage,

oiltreatmentandoilpurificationequipment.Theconfigurationoftheoilsystemforthehydropower
stationequippedwithcentraloilservicesystemshallbesimplified.

8.3 Compressedairsystem

8.3.1 Themediumpressureandlowpressurecompressedairsystem maybesetupinthepower-
houseaccordingtotheneedsofthehydropowerstation.

8.3.2 Thepressureofthemediumpressurecompressedairsystemfortheinflationoftheoilpres-
suredeviceshallbedeterminedaccordingtotheratedoperatingpressureoftheoilpressuredevice;

twoaircompressorsshallbeequipped,oneforuseandoneforstandbyandairtankshallbe
42

SHP/TG002-6-1:2019



equipped.Thevolumeoftheairtankmaybedeterminedaccordingtotheaircompensationforthe
pressureoiltank.Theratedoperatingpressureoftheairtankshouldbe0.2MPato0.3MPahigher
thantheratedoperatingpressureofthepressureoiltank.Theairtankshallbefittedwiththesafety
valve,pressuregaugeandblow-downvalve.

8.3.3 Thepressureofthelowpressurecompressedairsystemusedforunitbraking,overhauland
maintenance,andsealingofthecircularbandoftheturbinemainshaftsshallbefrom0.7MPato
0.8MPa;thebrakingairfortheunitshallmeetthefollowingrequirements:

a) Thebrakingairoftheunitshouldbeequippedwithexclusiveairtankandexclusiveairsupply
pipe.

b) Thetotalvolumeoftheairtankforunitbrakingshallbedeterminedaccordingtothetotalair
consumptionoftheunitstobebrakedsimultaneously;

c) Thecapacityoftheaircompressorshallbedeterminedaspertheairconsumptionoftheunitsto
bebrakedsimultaneouslyandthetimeofrestoringworkingpressureofthecompressedairtank.
Thetimeofrestoringworkingpressureofthecompressedairtankmaybefrom10 minto
15min;

d) Thebrakingairoftheunitshouldbesuppliedwiththestandbyaircompressororotherstandby
airsource.

8.3.4 Theratedworkingpressureoftheaircompressorshouldbe0.1MPato0.3MPahigherthan
theratedworkingpressureofairtank.

8.4 Hydraulicmonitoringsystem

8.4.1 Thehydraulic monitoring system shall meetthe requirements for safe,reliable and
economicaloperationandautomaticcontroloftheturbinegeneratorunit.

8.4.2 Thehydropowerstationshouldbeequippedwiththeconventionalinstrumentationformeas-
urementsparametersviztheupstream waterlevel,downstream waterlevel,surge-chamberwater
level,hydropowerstationhead,pressuredifferencebetweenthefrontandbackofthetrashrackas
wellasthereservoirwatertemperature.Theunitshouldbeprovidedwithroutinemeasurementin-
strumentssuchaspressureattheintakeofthespiralcase,headcoverpressure,pressureatthein-
takeofthedrafttubeaswellasthecoolingwaterpressureoftheunit,whiletheselectivemeasure-
mentitemsmaybeprovidedaswell,suchastheflowpassingthroughtheunit,thepressurefluctu-
ationoftheturbine,theunitefficiency,unitvibration,runoutoftheunitandthepressure
(vacuum)inthedrafttube.

8.4.3 Thehydraulicmonitoringsystemshallbedesignedandarrangedincombinationwiththeauto-
maticmonitoringsystemofthehydropowerstation.
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8.5 Selectionoftheliftingequipment

8.5.1 Cranesorotherhoistingequipmentshallbeinstalledinthepowerhouseofthehydropower
station.Single-trolleyordouble-trolleybridgecranesmaybeused.Theratedliftingweightshallbe
determinedaccordingtothetotalweightoftheheaviestobjecttobeliftedplusanyhoistingtools
andwithreferencetothestandardliftingcapacityofthecraneseries.Thecranespanmaybeselect-
edaccordingtothestandardcranespan.Theliftingheightandspeedofthecraneshallmeetthere-
quirementsofinstallationandoverhaulofunits.

8.5.2 ForthehydropowerstationwithaGasInsulatedSwitchgear(GIS)room,acraneshallbein-
stalledfortheinstallationandoverhaulofGISroom.

8.6 Heatingandventilation

8.6.1 Theheatingandventilationpatternsofthehydropowerstationshallbedeterminedaccording
tothelocalmeteorologicalconditions,thepowerhousetypeandtherequirementsforairparameters
inproductionsites.

8.6.2 Naturalventilationshouldbeadoptedforthegeneratorhall,erectionbayandauxiliaryrooms
ofthesurfacepowerhouse.Whenthenaturalventilationcouldnotmeettherequirementsofindoor
airparameter,thenatural-mechanicalmixedventilation,mechanicalventilationandpartialaircondi-
tioningmaybeadopted.

8.6.3 Ifthepipelineventilationisadoptedforthegenerator,thehotairshallbedirectedoutside
thepowerhouse.

8.6.4 Theoiltankroomandtheoiltreatmentroomshallbeequippedwithseparateventilationsys-
tem.Theairoutletsoftheventilationsystemshallbe1.5mhigherthantheroof.

8.6.5 TheventilationrateoftheGISroomshallbe8times/hr.,andtheairinletshallbesetinthe
lowerpartoftheroom.

8.6.6 Theheatingdeviceshallbeequippedwhentheindoortemperatureofthemainandauxiliary
powerhousesislowerthan5℃.

8.6.7 Necessaryventilationfacilitiesshallbeinstalledinthegalleryatthebottomofthedam.

8.7 Repairandmaintenanceequipment

8.7.1 Themechanicalrepairandmaintenancemaybeconfiguredaccordingtotheoverhaulcontent
ofelectro-mechanicalequipment,externaltransportationandoutsourcingfabricationconditions,

etc. 
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8.7.2 Acentralrepairandmaintenanceworkshopshouldbesetupforcascadehydropowerstations
andagroupofhydropowerstations.

9 Fireprotectionsystem

9.1 Generalrequirementsforthefireprotectionsystem

9.1.1 Fireprotectionsystemofthepowerstationandunitequipmentshallfollowthenationalfire
protectionspecifications.

9.1.2 Thefirehazardsandfireresistanceratingshallbeclassifiedforthebuildingsandstructuresin
thehydropowerstation.

9.2 Technicalrequirements

9.2.1 Thefirelaneintheplantareashouldnotbelessthan4.0minwidthandshouldbeusedasthe
accessroadaswell.Thedead-endofthefirelaneshallbedesignedwithaturnaround.

9.2.2 Thereshallbeatleasttwoevacuationexitsforthemainandauxiliarypowerhouseofthehy-
dropowerstation.Onthegeneratorfloorandthefloorsbelow,thedistancebetweenthefurthestin-
doorworkplacetothenearestsafeevacuationexitonthisfloorshallnotexceed60m.

9.2.3 A100%oilstoragepitora20%oilstoragepitandacommonoilstoragetankshallbeprovid-
edforthemainoil-immersedtransformerwithsingleoilcapacityover1000kgandtheotheroilfill-
ingequipment.

9.2.4 Powercablesandcontrolcablesshallbelaidinlayers.Thecableslaidinlayersshallbesepara-
tedbyclapboardswithfireendurancenotlessthan0.5hour.

9.2.5 Every100mofcabletunnelandditchesshallbeequippedwithafire-proofpartition.Closure
andpartitionmeasuresshallbeimplementedforthethrough-wall.

9.2.6 AutomaticfireextinguishingsystemsuchaswatersprayorCO2sprayshallbeequippedfor
theturbinegeneratorunitwithaunitcapacitynotlessthan12.5MVAandwaterspraysystemforthe
indoormainoil-immersedtransformerwithaunitcapacitynotlessthan12.5MVA.

9.2.7 Thepowerhouseshallbeequippedwithsmokeexhaustfacilitiesandshallbeintegratedwith
theventilationsystem.

9.2.8 Naturalwatersource,specificfirewaterpondsorfirewaterpumpsmaybeusedasthewater
supplysourcesforin-plantfireprotection.Thewatersupplyforfireprotectionmaybeincorporated
withthelivingandproductionwatersupplysystem.Thequality,pressureandvolumeofsupplied
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watershallmeettherequirementsoffireprotectionpurposes.

9.2.9 FirefightingapparatusesshallbepoweredaspertheGrade2loadwithanindependentpower
supplycircuit.Thecontrolequipmentforthefirefightingapparatusesshallbeinstalledinthecentral
controlroom.Whenthewaterissuppliedwiththefirewaterpump,thestartingdeviceforthefire-
waterpumpshouldbesetinthefirecabinet.

9.2.10 Theemergencylightingandevacuationsignsshallbeprovidedintheevacuationexit,stair-
cases,exitsandfirepumphouseofthepowerhouse.

9.2.11 Theautomaticfirealarmdeviceshallbeinstalledinthehydropowerstation.

10 Layoutofthepowerhouse

10.1 Basicprinciples

Hydraulicmachineryandelectricalequipmentshouldbearrangedseparately.Thelengthandwidthof
theunitsectionofthemainpowerhouseshallbedeterminedaccordingtothesizeoftheunitaswell
asthepassageway,governor,oilpressuredevice,mainvalveandelectricalpanel/cabinet,andin
combinationwiththerequirementsforinstallation,overhaul,operation,transportationandcivilen-
gineeringdesign.Thewidthofthemainpowerhouseshallalsomeettherequirementofthesizeof
thecraneliftingcomponentsandthemainvalve.Thelayoutofthepowerhouseshallbedesigned
withfullconsiderationgiventothecomprehensiverequirementsofecologyandenvironmentalpro-
tection.

10.2 Technicalrequirements

10.2.1 Theliftingheightinthemainpowerhouseshallmeetthefollowingrequirements:

a) Requirementsfortheintegralliftingofthegeneratorrotorwiththeshaft;

b) Requirementsforassemblingtheturbinewiththeshaftsleeveforintegrallifting;

c) Requirementsforin-plantmaintenanceofthemaintransformerifnecessary;

d) Requirementstoturnovertheguidevaneandotherpartsofthebulbtubularunit;

e) Thedistancebetweenpartstobeliftedbythecraneandfixedobjectsshallbeneitherlessthan
0.3mintheverticaldirectionnorlessthan0.4minthehorizontaldirection.

10.2.2 Theareaoftheerectionbayshallbedeterminedaccordingtotheneedsoftheextended
overhaulofoneunit.Themainpartsoftheunitshallbearrangedwithintheworkingrangeofthe
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cranehookandshallmeetthefollowingrequirements:

a) Requirementsforhoistingorderofliftingpartsduringinstallationandoverhaul;

b) Thenetdistancebetweenthelargepartsoftheunitandbetweenthelargepartsoftheunitand
thewalls(columns)andthefixedequipmentshallbefrom0.8mto1.0m;

c) Requirementsforin-plantloadingandunloadingbyvehicles;

d) Turbineoilroommaybelocatedinthepowerhouse;insulationoiltankshouldbelocatedoutside
thepowerhouse;oiltreatmentroomshallbearrangednearthetankroom;

e) Otherauxiliarymachineryshallbearrangedtofacilitatetheinstallation,operationandmainte-
nanceoftheequipment.

10.2.3 SeeFiguresD.1toFigureD.7fortypicallayoutofunitsandschematicdiagramsofoil,air
andwatersystems.
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AppendixA
(Normative)

Referenceformulasforthebasicparametercalculationofthereactionturbine

A.1 Calculationoftherateddischarge

Qr=Q'1rD2
1 Hr …………………………(A.1)

where

Qr istherateddischarge,inm3/s;

Q'1r istheunitdischargeundertheratedworkingcondition,inm3/s;

Hr istheratedhead,inm;

D1 isthenominaldiameteroftherunner,inm.

A.2 Calculationofthestaticsuctionheadanddeterminationforsettingtheele-
vationoftheturbine

A.2.1 SeetheFormula(A.2)forcalculationofthestaticsuctionhead

Hs≤10-
Ñ

900-KσσmH …………………………(A.2)

where

Hs isthestaticsuctionhead,inm;

Kσ istheratioofdevicecavitationcoefficienttomodelcavitationcoefficient;

σm isthecavitationcoefficientoftheturbinemodel;

H istheturbinehead,inm.

Usuallyitmaybecalculatedasperratedhead;fortheminimumheadoftheaxial-flowturbineaswell
asthemaximumheadandcorrespondingσmoftheFrancisturbineshallbeverified.
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A.2.2 SeetheFormula(A.3)forsettingtheelevationofthevertical-shaftFrancisturbine.

Ñ=Ñw+Hs+
b0

2
…………………………(A.3)

where

Ñ isthesettingelevation,inm;

Ñw isthetailwaterlevel,inm;

b0 istheguidevaneheight,inm.

A.2.3 SeetheFormula(A.4)forsettingtheelevationofthevertical-shaftaxial-flowturbine.

Ñ=Ñw+Hs+xD1 …………………………(A.4)

where

 x istheheightefficiencyoftheaxial-flowturbine.

A.2.4 SeetheFormula(A.5)forsettingtheelevationofthehorizontal-shaftreactionturbine.

Ñ=Ñw+Hs-
D1

2
…………………………(A.5)

A.3 Reactionturbineefficiencyandcorrectioncalculation

A.3.1 SeetheFormulas(A.6)and(A.7)forthecalculationoftheprototypeturbineefficiency

ηT=ηM +△η …………………………(A.6)

△η=ηT max-ηM max …………………………(A.7)

where

ηM  isthemodelturbineefficiency;

△η isthecorrectedvalueforturbineefficiency;

ηT max isthemaximumefficiencyoftheprototypeturbine;
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ηM max isthemaximumefficiencyofthemodelturbine.

InadditiontothecalculationaccordingtothereferenceformulaslistedinA.3.2toA.3.4below,the
efficiencycorrectionoftheturbineshouldalsotakeintoaccountthecorrectioncausedbytheabnor-
malcomponentsandtheprocessdeviationbetweentheprototypeandthemodelturbines.Whenthe
diameteroftherunnerislessthan1m,itshouldbenegativelycorrected.

A.3.2 Forthefirstmethodfortheturbineefficiencycorrection,seetheFormulas(A.8)and(A.9).

Francis:

△η=K(1-ηM max)1-
D1M

D1

æ

è
ç

ö

ø
÷

0.2
é

ë
êê

ù

û
úú …………………………(A.8)

Axial-flow:

△η=K(1-ηM max)0.7-0.7
D1M

D1

æ

è
ç

ö

ø
÷

0.2 HM

HP

æ

è
ç

ö

ø
÷

0.1
é

ë
êê

ù

û
úú …………………(A.9)

where

K isthecoefficient,K=0.5-0.7(lowvalueisfortheretrofittedunitandthehighvalueisforthe
newunit);

D1M istherunnerdiameterofthemodelturbine,inm;

HM isthetestheadofthemodelturbine,inm;

HP istheheadoftheprototypeturbine,inm.

A.3.3 Forthesecondmethodfortheturbineefficiencycorrection,seetheFormulas(A.10)and
(A.11).

CalculationformulafortheefficiencycorrectionofthereactionturbinerecommendedinIEC60193:

△ηb=δref
Reuref

Reum

æ

è
ç

ö

ø
÷

0.16

-
Reuref

Reup

æ

è
ç

ö

ø
÷

0.16
é

ë
êê

ù

û
úú ……………………(A.10)

δref=
1-ηboptm

Reuref

Reuoptm

æ

è
ç

ö

ø
÷

0.16

+
1-Vref

Vref

…………………………(A.11)
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where

△ηb isthecorrectedvalueconvertedfromthemodelefficiencytotheprototypeefficiency;

δref isthecorrectedvalueconvertedfromthenominalvaluetotheprototypeefficiency;

Reuref isthestandardReynoldsnumber;

Reum isthemodelReynoldsnumberatthecalculatingpoint;

Reup istheprototypeReynoldsnumberatthecalculatingpoint;

Reuoptm istheReynoldsnumberattheoptimumefficiencypointofthemodel;

ηboptm istheoptimumefficiencyofthemodel;

Vref isthestandardlossdistributioncoefficient(0.8fortheKaplanturbine,0.7fortheFancis
andthefixedbladepropellerturbines).

A.3.4 Thethirdmethodfortheturbineefficiencycorrection

Asfortheexistingmodeltestcurve,themodeltestdataoftheReynoldsnumberandthewatertem-

perature,theefficiencycorrectionmaybecalculatedbytheFormulas(A.12toA.14):

△ηb=(1-ηboptm)Vm 1-
Reum

Reup

æ

è
ç

ö

ø
÷

0.16
é

ë
êê

ù

û
úú ………………(A.12)

Vm =Voptm =Vref …………………………(A.13)

Reum =Reuref=7×106 …………………………(A.14)

where

Vm  isthelossdistributioncoefficientofthemodel;

Voptm istheLossdistributioncoefficientattheoptimumefficiencypointofthemodel.

A.4 Calculationoftheratedpower

NTr=9.81QrHrηTr …………………………(A.15)
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where

NTr istheratedpoweroftheturbine,inkW;

ηTr istheprototypeturbineefficiencyunderratedcondition.

A.5 Calculationofthemaximumrunawayspeed

ThemaximumrunawayspeedoftheFrancisorpropellerturbineshallbedeterminedaccordingtothe
maximumheadandthemaximumunitspeed.ThemaximumrunawayspeedoftheKaplanturbine
shallbecalculatedundertheconditionthatthecoordinationrelationshipismaintained;incaseofany
specialrequirements,itmaybecalculatedontheassumptionthatthecoordinationrelationshipis
broken.

nfmax=n'1fmax
Hmax

D1
……………………(A.16)

where

nfmax isthemaximumrunawayspeed,inr/min;

n'1fmax isthemaximumunitrunawayspeed,inr/min;

Hmax isthemaximumhead,inm.

A.6 Estimationoftheaxialhydraulicthrust

Pz=Kz
π
4D2

1Hmax(kN) …………………………(A.17)

where

Pz istheaxialhydraulicthrust,inkN;

Kz istheaxialhydraulicthrustcoefficient;tobeobtainedaspertherelevantexperimentalparame-
ters.
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AppendixB
(Normative)

Referenceformulasforthebasicparametercalculationoftheimpulseturbine

B.1 Calculationofthejetdiameter

d0=545
Qsj

KpZ0 Hsj

…………………………(B.1)

Qsj=
Nf

9.81HsjηTηf
…………………………(B.2)

where

d0  isthejetdiameter,inmm;

Qsj istheturbinedischargeunderthedesigncondition,inm3/s;

Kp isthenumberofrunners;

Z0 isthenumberofnozzlesperrunner;

ηT istheprototypeturbineefficiencyunderthedesigncondition;

ηf isthegeneratorefficiency.

B.2 Calculationoftheratedspeed

nr=
nsH1.25

sj

NTr

=
nsH1.25

sj

KpZ0N1

=
ns1H1.25

sj

N1

……………………(B.3)

ns1=
ns

KpZ0

…………………………(B.4)

N1=
NTr

KpZ0
…………………………(B.5)
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where

ns isthespecificspeedoftheturbine,inm·kW;

ns1 isthespecificspeedofthesinglenozzle,inm·kW;

N1 istheoutputofthesinglenozzle,inkW.

B.3 Calculationoftherunnerdiameterandm-value

D1=
(39~40) Hsj

nr
…………………………(B.6)

m =
D1

d0
…………………………(B.7)

where

D1 isthepitchdiameterofthebucket,inm;

m istheRatiooftherunnerdiametertothejetdiameter,non-dimensional.

Inordertoensuretherelativelyhigherefficiencyoftheturbine,them-valueshouldbewithinthe

rangeof10to20.Smallvalueappliestothelowheadwhilethelargevalueappliestothehighhead.

B.4 Estimationofthenozzlediameterandthenumberofbuckets

dp=(1.15~1.25)d0 …………………………(B.8)

Z1=6.67
D1

d0
…………………………(B.9)

where

dp isthenozzlediameter,inmm;

Z1 isthenumberofbuckets.
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B.5 Calculationofthestaticdischargehead

B.5.1 Thestaticdischargeheadreferstotheheightthatensuresthesafeandstableoperationof

thePeltonturbine,avoidingsurgeincaseofloadvariation,guaranteeingtheventilationandpreven-

tingtheenergylossesduetothevortexandflowsplashinthetailrace.

B.5.2 Whendeterminingthestaticdischargehead,thenecessaryventilationheightshallbeen-

sured,whichshouldnotusuallybelessthan400mm.

B.5.3 Calculationofthestaticdischargehead,seetheFormula(B.10)

hp=(1.0~1.5)D1 …………………………(B.10)

where

hp isthestaticdischargehead,inm;highvalueisfortheverticalshaftunitandthelowvalueis

forthehorizontalshaftunit.

B.6 Calculationofthesettingelevation

B.6.1 Thesettingelevationshallbedeterminedaccordingtothemaximumtailwaterlevelforpower

generation.Underanypowergenerationconditions,sufficientstaticdischargeheadshouldbekept

forthetailrace.

B.6.2 FortheverticalshaftPeltonturbine

Ñ=ÑWm+hp …………………………(B.11)

where

ÑWm isthemaximumtailwaterlevel,inm.

B.6.3 ForthehorizontalshaftPeltonturbine

Ñ=ÑWm+hp+
D1

2
…………………………(B.12)
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B.7 Calculationoftheratedspecificspeed

nsr=
nr NTr

H5/4
r

…………………………(B.13)

where

nsr istheratedspecificspeed,inm·kW.

B.8 Calculationofthemaximumrunawayspeed

nfmax=
70 Hmax

D1
…………………………(B.14)

where

nfmax isthemaximumrunawayspeed,inr/min.

B.9 Calculationoftheratedpower

NTr=9.81QrHrηTr …………………………(B.15)

where

NTr istheratedpoweroftheturbine,inkW;

ηTr istheprototypeturbineefficiencyunderratedcondition.
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AppendixC
(Normative)

Referenceformulasfortheoperatingcapacitycalculationofthegoverning
systemforsometurbines

C.1 Impulseturbine

Forthecalculationoftheoperatingcapacityofthegoverningsystemfortheimpulseturbine,seethe
Formulas(C.1)and(C.2)

Anz=10Z d0+
d2

0Hmax

6000
æ

è
ç

ö

ø
÷ …………………………(C.1)

Ade=11×10-3d3
0HmaxZ …………………………(C.2)

where

Anz istheoperatingcapacityoftheneedleservomotor,inN·m;

Z isthenumberofnozzles;

d0 isthejetdiameterofthedependabledischarge(oroutput),incm;

Hmax isthemaximumhead,inm;

Ade istheoperatingcapacityofthedeflectorservomotor,inN·m.

C.2 Kaplanturbine

ForthecalculationoftheoperatingcapacityofthegoverningsystemfortheKaplanturbine,seethe
Formulas(C.3)and(C.4)

Aga=K1Q HmaxD1 …………………………(C.3)

Aru=K2φHmaxD3
1 …………………………(C.4)

where

Aga istheoperatingcapacityoftheguidevaneservomotor,inN·m;
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K1 isthecoefficient,valuerange:250to300;

Q istherateddischargeoftheunit,inm3/s;

Hmax isthemaximumhead,inm;

D1 istheturbinerunnerdiameter,inm;

Aru istheoperatingcapacityofthebladeservomotor,inN·m;

K2 isthecoefficient;

φ istheintersectionanglebetweentwoextremepositionsoftheblade,inradian.

WhenthenumberofbladesZ=4,K2=8.0;whenZ=5,K2=8.5;whenZ=6,K2=9.0.

C.3 S-typeturbineandbulbturbine

ForcalculationoftheoperatingcapacityofthegoverningsystemsfortheS-typeandbulbtubular
turbines,seetheFormula(C.5)

A=400Q HmaxD1 …………………………(C.5)

where

A  istheoperatingcapacityoftheservomotor,inN·m;

Q istherateddischargeoftheunit,inm3/s;

Hmax isthemaximumhead,inm;

D1 istheturbinerunnerdiameter,inm.
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AppendixD
(Informative)

Typicallayoutofunitsandschematicdiagramsofoil-air-watersystems

D.1 Typicallayoutofverticalandhorizontalshaftunits

Key
1 turbine
2 generator
3 bridgecrane
4 mainvalve

FigureD.1 Transversecross-sectionplanoftheverticalunitpowerplant
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Key
1 turbine
2 generator
3 bridgecrane

FigureD.2 Transversecross-sectionplanofthehorizontalunitpowerplant

Key
1 bridgecrane
2 turbine
3 speedincreaser
4 generator

5 fishguidingboxoftailwater
6 curtaintyperegulatingweir
7 energydissipationnetwork

FigureD.3 Layoutoftheshaft-extensiontubulartypeturbineunit
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Key
1 trashrack
2 bridgecrane
3 generator

4 turbine
5 fastemergencygate

FigureD.4 LayoutoftheBulbTubularTurbineUnit

D.2 Typicalschematicdiagramsofoil-air-watersystems

Key
1 netoiltank
2 workingtank
3 oilpurificationroom

FigureD.5 Schematicdiagramoftheturbineoilsystem
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FigureD.6 Schematicdiagramofthelowpressurecompressedairsystem

FigureD.7 Schematicdiagramofthetechnicalwatersupplyanddrainagesystem
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