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ThesupemlilTorneutronturbinewhichdeceleratesvelycoldneutrons(VCN)toultracoldneutrons(UCN) 111 the

VCN-UCNiacilityinStalledinKyotoUniv・Reactor(KUR)wasupgradedwiUltheuseofanimprovedversionof
polygonalbladesmadeoffivesuperminors, inplaceofthepreviousthreesupermilTorblades. Smcethemain
reasonoftheneutronlossiscomplicatedchangesofthedeceleratedneutrontrajectoriesintheturbinerotation,a
secondstepupgadmgisperfbrmedMththeuseofamultisectionsVCN企edguidemaconvergmgWpewhich
changestheVCNbeam企edmgpositionanddirectionaccordmgtothemletpositionandheightintherotating
mirTorblafiesmordertocancelthecentr血galibrceeiIects.Further.mordertominimizetheefrbctoftheCoriolis

ー

ibrce, themlTorbladesoftheturbmearemadesmallertodiminishthesizeratiobetweenthebladesandtheturbme
rotorradius.
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§.2.Strucmreofsupermirrorturbine
TheCNSfacilityhasfburbeamlinesasshownin

Fi9.l. Threeamongthemarefbrcoldneutronswitha

collimateddirectbeam,amckelguideandasupennirror

guide, respecUvely. Thefburthone ispreparedfbr

VCNandUCN. Thestructureofthe supermrror

neutronmrbineisshowninFig.2. Thedesignvelocib'

fbrthefeedVCNisaboutSOm/s,andthetuIbinebiades

moveinthedirectionofVCNincidentnowwiththe

velocityofabout25m/s, reflectVCN, anddecelerate
themtoUCN. Thediameteroftheturbinerotorislm.

Theupgradedblade is constructedwith fivenat

supermirrors, thestructureofwhichisshowninFi9.3,
whiletheoldbladesconsistedofthreemirrors. The

present improvementgaveabetterpolygonalmirror

arrangementandagainfactorfbrtheUCNintensiWof
about3waSobtained.

§.1,Introduction

AVCN-UCNfacilityhasbeendevelopedatKyoto

Umv.ResearchReactor (KUR)whichis3MWlight
watercooledandmoderated. Thewholesvstemofthe

verylowenergyneutronfacilitiesconsistsofacold

neutronsource(CNS) ｣),aVCNguidetube2),aVCN

bender3)、 asupennirrorneutronmrbine4.5)andUCN

experimentalequipments.
TheturbinesvstemwasselectedinKURtobeeHicient

ジ

andadvantageousfbrtheuseasamultipurposeUCN

source. ThepresentresearchfieldsinKURusingUCN

areimprovementsofthesupennirrormrbine6),aneutron

bottlefbrneutrondecaymeasurementS7),developments

ofUCNdetectors8),magneticconfinementofUCN9),

UCNpolarization '0), gravib' spectrometer ｣') and

decelerationofUCNbyamagneticfield'"
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Fig.1 Arrangementoftheverycoldandultracoldneutronficilities
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Fig.5 EfrtctSofl/3miniaturizationandhighQ
supermlrror･

TheVCNguideusedatpresentisasimplestraightguide
ofnickelmrrorsshapedtofeedVCNtotheturbine
bladewithasmallgap. Thecross-sectionoffeedguide
is35mmwideby90mmhigh. Thefeedingwidthto

turbinebladesis32.2cmbecausetheglancingangleisas

smallas6.6degrees. Itiswideenoughbuttheangular

conditionoffbedingdirectionisnot suitable fbr the

changeoftheanglebytherotation. Theguideisalso
declined8.8degrees downward to compensate the

cenmfilgalfbrceenects.

Fig.2 Structureofsupermirrorneutronturbine,

1:VCNbender,2:Aluminumwindow,3:VCNfbedguide,

4:Turbinerotor,5:Supermirrorblades,6:LowerreHecting
mirrors,7A:UCNportfbrbottleexperiments,7B:UCN
portfbrtime-ofHightexperiments,7CUCNportfbr
neutronopticsexperiments,8:Turbineshaft,9:Rotation
pickup,10:Evacuationport,11:UCNChopper.

§､3. MultisectionsVCNfeedbender
Themainneutronloss factor intheblade is the

complicated changes of the decelerated neutron

trajectoriesam.ectedbythecentrifilgalfbrceandCoriolis'
fbrce. Therefbre,wedesignedaVCNfeedbender

whichconvergestheVCNbeamtocancel thecentrifilgal

fbrcefbrevelyVCNtrajectory.
TheinletdirectionofasectioninthefeedVCNbeam

isdecidedbythehorizontalglancingangletothemirror

bladesandtheverticalanglenecessalyIocompensatethe

centrifilgal fbrce. Thehonzontaldirectionisdecided

usingthevelocityphasediagramundertheassumption

ofstraightmovementoftheblade. Asfbrthevemcal

angle, itchangesaccordingtotheperipheralposition

where thebladeaccepts企edVCN, becauseof the

rOtationalmotionoftheblade・ ItmustalsobechanJd

accordingtotheverticalpositionintheblades, that is,

thebeammustbeconvergent. ThefeedVCNguide

usedatpresent isastraightnickelguidetubeandit

providesVCNfbrthewideareawithaconstantangle

whichisonl)'suitableinthecenterposition.
ThestructureofthenewVCNfeederconsistsof

combinedthreebenders, asshowninFig.4,whichare

correctlyarrangedrespectively to thepositionoftlle

rotatingblade. EachbenderisadjustedIocompensale

theeHeclsofthecentrifilgalfbrce.
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Fig.3 Structureofupgraded5-mirrorblades
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§.-l. SCaleeffeCtOfturbineblade
InordertominimizetheenectbyCoriolisfbrce, a

newsmallmirrorbladeoftheturbine isdesignedto
diminiSh the size ratiobetween thebladesand tlle

turbine rotor. Thesizeegect isestimatedusinga

computersimulation. Therevolulionspeedoftllerotor

計

Fig.4 StructureofmultisectionsVCNftedbender
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studiedis5.0～7.5rps. TheinletVCNspectrumis

assumedtobeMaxwellian. ThegeometlyoftheVCN

たedisthepresentarrangementusingastraightnatural
nickelguide.

Someexamplesofthecalculatedresultsareshownin

Fi9.3,whereUlerevolutionoftherotoris5.01ps. The

label 'present' shows thepresentbladesizewiththe

supennirrorof2.2QNi. Thebladesizeoftheothersare
l/landl/3ofthepresentone,wherethesupermirror

usedis3.0QNi. Thesizeenectofthebladesismainly

observedintheregionbetweenSm/sand25m/s,which

suggestsafilrtheranalysiswithamoredetailedgeometly

isneededfbr themodificationoptimizedfbrneutron
､'elocitiesbelowaboutSm/s. Theresultsofvarious

sizechangesindicatedtha[thesizereductiontol/3is

enoughinthesestudies.
As theMaxwellian spectrumis used in these

calculations, theeHectofspectmmdefbnnationshould

beconsidered in the practical designs. The real

spectrumfromtheCNSisstronglydefbnnedbythe
aluminumwall ofthemoderatorcell. The slower

neutrons arepreferentiallyeliminatedfromthe feed
VCN・ Afasterrotorrevolutionisdesirablefromthis

point ofviewi but it enhances the eHEcIs of the

centrifilgalandCoriolisfbrces. Therefbre,apartialset

ofminiaturebladeswiththesizel/3arepreparedand

pelfbnnancetestswillbecamedout fbrstudyingthe
balanceoftheseeHects,whichshouldbeconsideredfbr

thepracticalturbinedesign.

§.5. Concludingremarks
For improving theeHiciencyofthe supennirror

neutronturbine, thedesignsofthefeedVCNbenderand

ofminiaturebladeswereproposed. TheVCNfeed

benderisacombinedtriplebendercorrectlyadjustedto

thepositionoftherotatingblade. Eachbenderisalso

bentsoastocompensatethediHerenceofthecentriiilgal

fbrceeHectsaccordingtotheinletheight totheblade.
TbminimzetheeHectbvCoriolisfbrce､thenewminfor

‐

bladeoftheturbineisdesignedinaminiatureversionto
diminishthesize ratiobetweenthebladesandthe

mrbine rotor. Asampleoftheminiatureblades fbr

studyingthesizeeHEctsisnowinpreparationandthe

perfbrmancewillbetestedinthenearfilture.
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