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Abstract   

Arotatingsta11phenomenoninradialvanelessdiffuserofcentrifugal  

pumphasbeeninvestigatedexperimentallyasthefirststageofdevelop－  

ingamethodtosuppressthestall．Thetestimpelleristwo－dimensional  

havingsixbladeswithoutletanglesof18．1degreesandthediffuseris  

parallelwalledwiththeouterdiameterratioofl．90totheimpe11eroutlet  

andtheheightof30mm，Whichisthesameoftheimpeller．Measured  

resultsareshownanddiscussedinthepresentpaperasfollows．Theonset  

of rotating stall is triggered by a reverse flow occurring on the hub 

Surface near the diffuser outlet・At that time the average angle of  

absoluteflowvelocitybecomeslessthanll．9degreesatthesectionjust  

downstreamoftheimpeller．Astheobservedbehaviorsofrotatingstall，  

Changeofsta11cellnumbers，amplitudeandfrequencyofpressurefluctua－  

tion are clarified．   

Keywords：Centrifugalpump，Vaneless diffuser，Static headrecovery，  

Rotatingstall  

1．Introduction  

Theoperationrangeofcentrifugaltypeofturbomachineryisoftenrestrictedduetoa  

rotatingstalloccurringinaradialdiffuseratlowflowratesl）・2）．Sincearotatingsta11might  

CauSeunStableflowandpipingsystemvibration，lotsofresearchersandengineershavemade  

their efforts to elucidate the stallmechanism and to suppress the stalloccurrlng．The  

adoptions of roughwal13）andgrooved wal14）as passive methods and theinstallations of  
SPeaker5）andairjetnozzle6）ondiffuserwallasactiveoneshavebeenproposedtosuppress  
thestall・Thesemethodsareeffectivebutstillinsufficientforcompletesuppressionoverthe   
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wholeflowraterange．Thefinalgoalofthe authors’studyisto developmoreeffective  

methodwithasimplestructure．Atthefirststageoftheauthors’studyitisimportantto  

clarifythecharacteristicsofarotatingstallphenomenoninradialvanelessdiffuser．Thetest  

diffuser，installeddownstreamofatwo－dimensionalimpellerwithsixbladesofoutletangles  

of18．1degrees，isparallelwalledwiththeouterdiameterratioofl．90totheimpelleroutlet  

andtheheightof30mmwhichisidenticaltothatoftheimpeller．Theshroudwallpressure  

anditsfluctuationweremeasuredwithhighresponsepressuresensorsandtwo－dimensional  

flow distributions were also measured with a cobra－type threeLholes yaw－meter at three  

radialsections．Themeasuredresultsareshownandtheappearanceandthebehaviorsofthe  

rotatingsta11arediscussedwithconsideringtherelationshipbetweenthedegree ofstatic  

headrecoveryandthereverseflowoccurringandthatbetweentherotatingstallphenomena  

andtheappearanceofreverseflowreglOn．  

2．ExperimentalApparatus  

FigurelshowsthesectionalviewofthepumpequlpmentWithavertical－rOtatingshaft・  
Waterflowsintotheimpeller①throughaVenturiflow－meterandboostpumpfromanopen  
tank．Thenwaterisdischargedtoaparallelwa11eddiffuser②withtheheightofb＝30mm  

whichisthesame astheimpellerbladeheight，0Verflows afterformlng a free surfacein  

axisymmetricchannel③andreturnstotheopentank．Inthepresentexperiment，anOilseal  

isattachedonthepumpsuctioncover－ringtopreventaflowfromreturningfromtheimpeller  

outlettotheinletthrougha spacebetweentheimpellershroud andthe casing．Figure2  

showstheshapeofthetestimpeller，Whichisaclosedonewithsixtwo－dimensionalblades  

oftheinletandoutletdiametersof200，400mm，reSPeCtively．Thisimpellerhasthesuction  

and pressure surface blade outlet angles ofβb2s＝βb2p＝18．1degrees and the peripheral  

thicknessof tu2＝35．Ommattheoutlet．Inthepresentexperimentthepumpimpellerspeed  

WaSalwayskeptatN＝200rpm．  

Thewallstaticpressures，atninepositionsofdifferentradiusratiotoimpelleroutlet  

radiusR＝Plrb＝1．02，1．03，1．05，1．06，1．10，1．15，1．28，1．50andl．800nthediffuserwallofthe  

lAIDr【vin8 P≠L】oY l  

T□R ＝  ‖＝   

Fig．1Sectionalviewofpumpequipment．   
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Fig．2 Testimpeller．  

Fig・3 Headgeometryofcobra－tyPethree－holesyaw－meter．   

impellershroudside，WeremeaSuredcontinuouslywithsensors7），Whoseresponsefrequency  

isaboutlkHz．Heretheradiusofimpelleroutletisdenotedas7う．Atthreeradialsections  

OfR＝1・03，1・10andl・28，Wallpressuresattwopositionswiththecircumferentialdifference  

Of50degreesateachradiusandweremeasuredsimultaneouslytoevaluatethenumbersand  

rotatingspeedofthestallcell．Inadditionofthesepressuremeasurements，flowdistributions  

Ofthestatichead hs，the absolutevelocity V andflowangle afromthe circumferential  

directionweremeasuredbyusingacobra－typethree－holesyaw－meteraSShowninFig．3．  

Theyaw－meterWaSinstalledonthediffuserwalloftheimpellershroudside．Themeasured  

pressureateachholeoftheyawqmeterwastransferredtothesensorthroughtheconnecting  

Plpe，Whichwasfilledwithasilicone－Oil・Theresponsefrequencyofthepressuremeasurlng  

SyStemWaS aboutlkHz・Inthepresentexperiment ofrotatingstalloccurrlng，theflow  

measurementatsixsectionsinr－directionofR＝1．03，1．06，1．10，1．15，1．28，1．50andatseven  

inthez－directionofthebladeheightwascarriedoutasfollows．（1）Theyaw－meterWaSSet  

at one position．（2）The yaw angle was fixed and pressure signals of three－holes were  

Obtained simultaneously and continuously for three seconds of measurlng time with the  

Samplingfrequencyof300Hz．（3）Theyawanglewaschangedeveryfivedegreesandfixed  

formeasurement．（4）Measuredsignalshavethreecomponentsofdiscretefrequencies，SuCh  

asblade passingfrequency，impeller rotating frequency and the rotatingstallfrequency，  

Whichwasobtainedfromspectrumanalysisofthefluctuations・Thesignalswerephase－  
lockedwithmeasuredstallfrequencyorimpellerrotatingfrequency，0Verlappedandaver－  

agedovertenperiodsofcorrespondingfluctuationwithphaselocking．Bythisprocedure，the  

COrreSpOndingfrequencycomponentisremainedandtheothercomponentsarediminished．  

（5）Afterevaluatingflowvelocityandstaticpressurefrompressuresignals，thedatais  

StOredonlywhenthecenterholeofyaw－meterWaSOrientedtotherangewithin±45degrees  
Offlowdirection．（6）Thesamemeasurementwascarriedouttentimesto obtainreliable  

data．   

Inthepresentpaper，theflowcoefficient¢isdenotedastheratioofaveragedradial   
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velocitycomponent佑2tOtheimpellerrotatingvelocity U；atthejustdownstreamsection  
ofimpelleroutlet．Thestaticheadcoefficient¢sand¢s。aStheratioofthestaticheadrise  

basedonthepumpinlettotalheadandthefree－Surfacepressureheaddownstreamofdiffuser  
outletto th2／（2g）wheregistheaccelerationofgravity．  

3．Results and Discussions  

3．1Impelleranddiffusercharacteristics  

Thestaticheadrisecharacteristicofimpellerisdiscussedatfirst．Figure4showsthe  

headriseatR＝1．03fromimpellerinlettotalhead．ThemeasuredtheoreticalheadcoeffiE  

cient¢t＿th＝2扇／thisdenotedastheratiooftheEuler，sheadwithnopreswirlatimpeller  
inletto U；2／（2g），Wherethesuperscriptof“＝”meansmass－aVeragedvalue．Thevalueof  

¢t＿thisevaluatedfrommeasuredvelocitydistributionsatR＝1．03．InFig・．4thefollowing  

empiricalexpressions，Whicharederivedfromonedimensionalflowmodel，arealsodepicted  

as brokenlines．  

¢ト亡ん＝2（0．78－1．04・〟tanβ脚）  （1）  

¢s＝（0．78rl．04¢／tanβb2p）［2－（0．78－1．04q5／tanβb2p）］一¢2  （2）  

Thoughthenegativeslopeofmea岳uredheadriseisgraduallyweakenedastheflowrateis  
decreasedintherangeof¢＜0．1，thesametendencybetweenmeasuredandempiricalresults  

can be seen，Which reveals that the rotating stallphenomenain the present experiment  

dependsupontheflowmechanisminthediffuser，nOtupOntheimpeller．Infact，thereverse  

flowintheimpellerinletatlowflowratewasnotrecognizedfromaflowvisualizationofthe  

tuftmethod．Theimpelleroutletflowatlowflowrateconsistsofthejetandwakeregions，  

thelatterofwhichhaslowradialvelocityandhightangentialvelocitycomponentsandthe  

formerhashighradialvelocityandlowtangentialvelocity．Thewakeregionbecomeslarger  

asflowrateisdecreasedsothatthemass－aVeragedtangentialvelocityof佑2issmall．As  

0．05  0．1  

¢  

Fig・．4 Headrisecharacteristicsofimpeller．   
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theresult，thenegativeslopeofheadriseat¢＜0．1mightbecomeweak．   

Figure5shows the radialand tangentialvelocity distributions oflキandlんin the  
directionzofdiffuserheightbetweenhub（z／b＝1）andshroud（z／b＝0）．Thedistributions  

arerelativelyuniformatthisradialpositionofR＝1．03（justdownstreamofimpeller）except  

forthatof¢＝0．035，Wherethereverseflowappearsintheshroudside．  

Figure6showschangesofstaticheadrecovery¢s。inthediffuserwithflowrate，Where  

¢so＝Omeansthattheheadonthefreesurfaceofcollectorofoverflow－tank③inFig．1．  

Assumingthatstatic－headriseoftheimpellerisgivenasEq．（2）andstaticheadrecoveryis  

decidedonlyfromthechangeofvelocitywhilekeepingcontinuityrelationr佑＝COnStantand  
angularmomentumconservation r杭＝COnStant，thenextexpressionis derived，reSults of  

WhichareshownasbrokenlinesinFig．6．   
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（a）Radialvelocity  

0．1  0．3  0．4  0．5  
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（b）Tangentialvelocity  

Fig．5 Velocitydistributionatimpelleroutlet．  

0．05  0．1  

¢  

Fig．6 Staticheadrecoveryinradialdiffuser．   
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¢占。＝0．045－［¢2十（0．78－1．04¢／tanβ脚）2］佃2  （3）  

AccordingtoEq．（3），Staticheadrecoveryinthediffuserisincreasedasflowrateisdecreased  

since the constant value of rth becomeslarger．Then even at the position of R＝1．8  

tangentialvelocity stillremainslarge．However，the measured static head recoverylS  

differentfromtheidealoneduetochangeinflowbehaviorinthediffuserpassage．When  

flowrateis decreasedfrom4・＝0．15thevalue of¢s。at the position ofconstant radiusis  

decreasedandtakestheminimum．Thenwithfurtherdecreaseofflowrate，thevalueof¢s。  

oncebecomeslargeinthevicinityof¢＝0．06andthengraduallydecreases．Inthischaracter－  

istic，theflowrate，Wheretheminimumvalueof¢s。appearS，mOVeSfrom¢＝0．11atR＝1．8  

to¢＝0．09atR＝1．02asindicatedbyanarrowinFig．6．Asaresult，thehighestdegreeof  

staticheadrecoveryappears at¢＝0．09．As thedegree ofstaticheadrecoverywouldbe  

relatedto changeinthree－dimensionalflowpattern，the distributions oflキcomponentin  

heightdirectionatR＝1．03，1．10andl．28aremeasuredandshowninFig・．7．Inthecaseof  

¢＝0．11thereverseflowregions arefoundinhubqsideregionat R＝1．10andl．28andnot  

foundatR＝1．03justdownstreamofimpeller．Itisguessedthatthereverseflowoccursfrom  

the diffuser outlet oflarge R－POSition at first and the movement of position with the  

minimumstaticheadasanarrowlineinFig．6expressestheelongationofthereverseflow  

regiontoupstreamsection．Theninthecaseof¢＝0．07thereverseflowregioninhubside  

oflargeRpositionisweakened．Atthisflowrateregion，thewallshearstressmightbe  

StrOngerduetosteepvelocitygradientnearwallsothatfrictionlossisincreasedandstatic  

headrecoverybecomes poor．With further decreasingflow rate，the reverse flowregion  

appearsagaininshroudside，nOtinhub side as showninFig．7（c）except R＝1．10where  

reverseflowappearslocallyasshowninFig．13．Atlowflowrateof¢＝0．035，itispresumed  

1  

0．8  

・QO．6  
（わ¢＝0・110、岩0．4  

0．2  

0．8  

．屯0．6  
（b）¢＝0・070 忘0．4  

0．2  

0．8  

，屯0．6  
（C）¢＝0・035  

0．4  

0．2  

0  

Il・／Uヱ  

Fig．7 DistributionsofradialvelocitycomponentatvariousradialPositions．   
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thatthereverseflowoccursfromtheimpelleroutletatfirst．  

3．2 Rotatingsta11behaviors  

Figure8showsthebehavioroffreesurfaceintheoverflow－tank③inFig．1．While  

Stable surface appears and water axisymmetrically overflows at ¢＞0．11as shownin  

Fig・8（a），therotatingwavymotionwithlowfrequencyisobservedasshowninFig．8（b）．  

Theappearanceofrotatingstallcellcanbeclearlyvisualizedbyusingwaterasworkingfluid  

different from air．  

Examplesofmeasuredfluctuationsofstaticheadontheshroudcasingwa11atR＝1．03  

areshowninFig．9，Wheretheverticalaxisis¢s。andthehorizontaloneistimeof t．The  

measuredheadfluctuationinherentlyhasacomponentofbladepasslngfrequencycalledas  

BPF・Asflowrateisdecreasedto¢＜0．11，aWaVymOtionwithlowfrequencyappearsin  

measuredheadfluctuationduetorotatingstalloccurring．Spectrum analysisofmeasured  

headfluctuationswasperformedandtheresultsaredepictedinFig．10formeasureddataat  

R＝1■03・Theamplitudeofeachfrequencycomponentofthefluctuationisdenotedas△¢and  
thefrequencyofrotatingstalliscalledasSF．ThecomponentsofBPFanditsharmonicsare  

discrete over measured range of flow rate．In addition，an amplitude oflow frequency  

becomes distinguishedin flow rate range of¢＜0．11．This component of frequencyis  

recognized as a rotating stall occurring by simultaneous measurement with two sensors 

locatedatthesameradialbutdifferentcircumferentialpositionswith50degrees．  

Figurellshowschangeofrotatingstallbehaviorswithflowrate．Itisfoundfromthis  

figurethattherotatingstalloccursat¢＝0．105．Theabsoluteflowangle，Calculatedfromα  

＝tan‾1（拓／覇），takesll．9degreesatR＝1．03andthisstallonsetangleisanappropriate  
Valueincomparisonwithapredictedvaluefrompreviousreport8）．  

Looking at the amplitude of BPF componentinFig．11（a），the amplitude becomes  

Weakenedwithincreaseofradialpositionasitisknownl）thattheoutletflowofimpeller  

becomesalmostuniformatradialpositionofR＞1．2．TheamplitudeofBPFcomponentis  

alsodecreasedwithdecreaseofflowrate．Ontheotherhand，theamplitudeofSFcomponent  

islargerthanthatofBPFevenatthejustdownstreampositionofimpellerandthedegree  

Ofitsdecayinthedownstreamdirectionisnotsostrong．Thefrequencyofrotatingstall，the  

rotatingspeedofstallcellinFig．11（b）anditsamplitudegraduallyincreasewithdecrease  

inflowrate．InFig．11（b），therotatingspeedofstallcellaredenotedas cus，andL2means  

therotationalspeedoftheimpeller．Inthepresentexperimentthenumberofstallcellofn  

（a）¢＝0．146  （b）¢＝0．035  

Fig．8 0bservedwavymotionoffreesurfaceofcollector．   
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（a）¢＝0．110  

（b）≠＝0．100  

（C）¢＝0．0帥  

（d）¢＝0．030  

（e）≠＝0．020  

15  10  

t sec．   

Fig．9 Timevariationinmeasuredstatichead．  

Fig．10 SpectrumanalysisofmeasuredstaticheadfluctuationsatR＝1．03．  

iscalculatedastwointherangeof¢＜0．10fromstaticheadmeasurementwithtwosensors，  

whichisalsofoundfromfree－SurfaceobservationasshowninFig．8（b）．Ascanbeseenfrom  

Fig・．9（e），thestaticheadfluctuationbecomesmorecomplicatedatextremelylowerflowrate  

Of¢＜0．02．Inthisrangeof¢，OneCellofrotatingstallalsoappearsasalternatephaseoftwo  

cells．   
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¢  

（a）AmplitudeofSFandBPFcomponents  

官
－
）
＼
。
Q
 
 

¢  

（b）Rotatingstallfrequencyandrotatingspeedofstallcell  

Fig．11Changeofrotatingstallbehaviorswithflowrate．  

Figures12and13showtherotatingstallbehaviorat¢＝0．035byusingcontourmapsof  

flowdistributionsneartheshroudwall（z／b＝0．05）andthehubwall（z／b＝0．95）respectively，  

WhereQtand¢saretotalandstaticheadrisecoefficientsfromtheimpellerinlet，Vabsolute  

Velocity，αflowangle．AnegativevalueofαmeanSthattheflowisinward，i．e．areverse  

flow．Theflowdistributionontheshroudsideofz／b＝0．05whereareverseflowappearsover  

awholezoneisdepictedinFig．12andonthehubsideofz／b＝0．95whereanormalflow  

appearsinFig．13．Neverthelessthenormalandreverseflowsareclearlydividedatthisflow  

rateof¢＝0．035，thestaticheaddistributionsinbothsidesarealmostthesameandindepen－  

dentofheightdirectionz；i．e．thepressuredistributionistwodimensional．Azoneofhigher  

Staticheadrecoveryrevealslowervelocitywithlowflowanglewhilethatoflowerrecovery  

revealshighervelocitywithhighangle．Asazoneofhighertotalheadappearsinthehigher  

Velocityzone，WatermightoverflowasshowninFig．6（b）fromthishighertotalheadzone  

ofthechannel③inFig．1．   
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Fig．12 Rotatingstallbehaviorat¢＝0．035  

andz／b＝0．05（shroudside）．  
Fig．13 Rotatingstallbehaviorat¢＝0．035  

andz／b＝0．95（hubside）．  

Figures14and15showtherotating stallbehavior at¢＝0．10inthesamemanner as  

Fig．12．Atthisflowrateareverseflowappearsnearthehubside，OnlyinR＞1．10asshown  

inFig・．15，Whichisdifferentfromthecaseof¢＝0．035．Thereverseflowzonealsoreveals  

higherstaticheadrecoveryandlowervelocity．IntheshroudsideasshowninFig．14，the  

distributionofstaticheadrecoveryisalmostthesameoneasthatinthehubside．However  

asthereisanormalflowinawholezoneinthisshroudside，theflowstructureofrotating  

Stallcellbecomes obscure．  

4．Conclusions  

Arotatingstallphenomenoninradialvaneless diffuser ofcentrifugalpump has been  

investigatedexperimentallyasthefirststageofdeveloplngamethodtosuppressthestall．  

The results are summarized as follows．   
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Fig．15 Rotatingstallbehaviorat¢＝0．10  
andz／b＝0．95（hubside）．  

Fig．14 Rotatingstallbehaviorat¢＝0．10  

andz／b＝0．05（shroudside）．  

（1）The appearance ofrotatingstalliscloselyrelatedto a reverseflow occurringinthe   
diffuser．Athigherflowratethereverseflowoccursonthehubsurfacenearthediffuser   

Outletwhentheaverageangleofabsoluteflowvelocitybecomeslessthanabout12degrees   

atthejustdownstreamsectionoftheimpeller．Atlowerflowrate，areVerSeflowoccurs   

astheinteractionbetweenthediffuserandtheimpeller．  

（2）Therotatingstallbehaviorshavebeenclarifiedagainstacombinationoftestimpeller   
anddiffuser．Thenumberofstallcellsistwoandflowpassageinthediffuserisdivided  

intotwozones．Onerevealslowstatichead，highvelocity，hightotalheadandsmallflow   

angleeveninareverseflowreglOn．Theotherrevealshighstatichead，lowvelocity，low   

totalheadandnegativelylargeflowangle．   
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