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1．Introduction  b姐亡etOtraVelhomt主1eⅦpStreamdetect8rtOthe  

血wnstTea血detector．Apeakoccu指intbecross－  

COrrela．tion function aLt the transit ti皿e T Of the   

tr且Ve11ingdisturbance．Thisi5due tothe de丘ni－  

t王oTl：  

Animportant feature ofBoiling Water Re且C－  

tor（BWR）王亨a・detai1eddescriptionofthe⊂OO）arnt  

Bow conditioninindividualfuelbu皿dles．When  

the亡00lazltis a two－Pha朗mixture ofliquid and  

vap（汀，t九e亡001ant鮎wpa比ern・亡且nbecomeqllite  

亡OmPlica．ted．In verti亡altwo－PhaBe鮎ws，thefbト  

lowlngbasi亡aOWreglmeSCanbede餌ed：bubbly，  

5）l略Churn且mdannular・  

A traJ15it tizne（：an be a，SSQCia．tedwith the ax－  

ialpropaga．七ionofthecool乱ntdensity8u亡七uations・  

Themeasurementteehniquefortr：山Sitti皿ebyme乱n＄  

Ofcros＄一亡Orrelation ofthe！ignal＄（randomlytime  

Va，ryingboiling noise pattern）oftwoaxial1Ydis－  

plaLeddetectorshaBbeenappliedl）2）・Bothde－  

tectors area鮎亡ted by the trave11ingdisturbance，  

but thedownstream＄ignalisshiftedwitha七ime  

delaF Whiehis equaIto the time for the distur－  

坤）y（ト＋丁）離＝月叩  川  

Thedeterminationofthedモl町tinebetweenthe  

抽0与豆naユsm野山obeper払rnedinthehequen町  

domain・Themathematic山1yequivalentfunction  

isthentheCr鮎SPowerSpectralDen5itY（CPSD）．  

ThetraLnSittimeinthiseaseisglVenbytheIineaJ  

Slopeofthephaseofthi5COmpleコ〔flln亡tion：   

【朋卯血叫刊・eXP（疇伽fT）＝C郎叫′）（2）  

a血d  

1 dβ  
♯王丁  

（3）   
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且ow Teglme，丑owdistribution within the coolant  

Channel，etC．Detailedtreatmento一班e丘uctuation5  

isneedモdinthisre苫揖d．  

where9isthephasea．ngle・The亡Oheren亡ehnction  

72（f）oftwoquaAntities＝（t）andy（t）i＄de丘nedas：  

2・Metbodology  

Tbedataweretaken缶oma900MWBWRNu＿   

ClearPowerPlaAt，themea，Sure皿entCOnditionswere：  

Tea亡tOrpOWef：64乳core加w：4220Ⅹg／se亡，Fs＝5馳．  

LPRMD，1PRMC，LPR鮎LBandlP且MAa∫ein  

止esamestring；WbereL王）MDisintbetbetop  

ofthe亡Ore．  

lJCf即fyけ）lf2  2   

＝T   （4）  

Aj⊃βか壬け）♯Aタ∫かy（′）  

Asthis ordinary coberencehnc七ion皿ea飢reSthe  

extenttowhichy（t）maybepredicted丘・Om3；（t），  

in ofdef tO Obtain an estimate ofhowthe signal  

PatternChangesbetweenthetwodetectofSItheco－  

herencefunc七ionwa5uSed．   

TheLoealPowerRangeMonitors（LPRM）da．ta  

havebeenrepresentedbythecorre5pOndi皿gPrOb－  

a．bili七yden5ityfunction（pdf）・Thi＄fu皿Ctionisthe  

rela．tiveden5itYWithwhichtheYaluexappearsin  

thecolIectior10fdata．，a．ndisanestima・teOfthera・te  

ofchange8fprobabilitywithmagnitude2）・   

Thesquare o一也e rootmean和仏a代月〟ぷ2，  

whichisthevarianceoftlleSignalauctua・tion，Wa占  

calculated overan e皿tireba血d betweenfla皿df2  

a月払1lows：  

Fig・1 Rea，etOfCOreaJlddetectorstnng   

Ⅰ皿苫eneral，anin一亡Oredetectorwi11seethesum  

凸flocalandglobale斤ects．WiththisiIlmind，Wein－  

troduceda・Simplepreproce＄SLngOfthesignal．From  

eaJ：hdete亡tOrSignalwesubtracted thea．ver喝eOf  

the fburdete亡tOrSin oAeStringto remoYeglobal  

noise⊂OmpOnent仲omnowonca3e（b）），   

ForaglVe皿丘eqⅥen亡yra上嶋e七he亡Oheren亡eV山一  

u朗Were ta五en hom：   

A郎叫J沖＝兄〟∫2   （5〕  

Itsho111dbenotedheretha．testima．tionoftimede－  

1aybymean宮Of亡rO＄＄亡Orrelationan出ysisisanes－  

tabushedtechnique，ifthequ∈山tyoftheob与erVed  

SignalBis reasonably good．In ouranalysi畠With  

5ignals measured at aBWR，the measured Yari－  

ablei5neutron丑uctua．tionsincewecannotinsta1l  

Ordina・ry且ow monitorヨ（optical，impedance，etC）  

within thereactorbecauseofexperimentallimita－  

tions．The neutronic＄ignalcan bedisturbednot  

Only by bubblesin tlle COOlantflow b11t also by  

Other quantities，e・g・tCmPerature nOnuniformlty，  

1  

．二  書  

／1－ム  
7立郎＝ヂ  〔6〕  

Thepha占eanglewa8C且1cul且亡edina鮎quency†ange  

COrreSpOndingtocoherencevaluesgrea．terthanO・4．   

一口rthecal亡山ationofthepdforeacllSign山lVe  

tookthehalfdata．point5atthebeginnlngandat  
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thelast，fora，bettercompafison．Bubblyandann11－  

lar且owshaveunimodalchara・Cter－e・g，theirpdfis   

Slnglepeaked．Slugs且owsaJeClaBSifiedaBbimodal   

andtheyhavepdfwithtwopea・ks■The皿Od山ityof   

the丑owsisrela．tedtothemoment50fthepdf．This   

relationhaBbeeninvestiga・tedユ）inordertodeYelop   

a・nObje⊂tiveflowreglmeindi亡a・tOr・Thea朗u皿Ption   

亡OnCernlng SPatialand te皿pOralindependen亡e Of   

bubblesisdefinitelynotYalidinslug且ow＄，dueto   

thepresen亡eOfa．well－de丘皿edspatialaJldtemporal   

COrrelationin the YOid fraction且uct11atio皿軸nal．   

Pa∫tOfthedi缶cultiesca・nbesoIvedbTintrodud上嶋   

a modified bindmialm（〕delin whieh certain ti皿e－  

COrrela．tionsafein⊂OrPOrated．Themodi丘edmodel  

isbasedonthebi皿Odala．pproximationofvoidfrac・   

tionAuctuationsintwo・Pha5eflows4）・  

Weusedthis modelinofdertosee亡hangesof   

theintensityofthevoidfra亡tions且uctuationsalong   

the chanrLel．The bimodaJtw（〕－Pha5e加w model  

is determined by the followlngSet OfparaL皿eterS：   

抑制証巨nd丁重which五代thee叩e亡t亡dvah朗弧d   

YarianceofthefirstandsecondmoderespectiYely．   

TheYa∫ia．nceofthebimodalmixtureis thesumof  

Weighted variancesofthe separa．te modesand an   

且dditionalter皿，Which depends oA the di鮎ren亡e   

betweentheexpectedvalue50fthetwomodesand   

Ontbeirrel乱tiveh・亡叩enCyOrO亡CurTen亡e．Inordモー   

to develop anobjectiveindi亡atOr，eli血inating■the  

Chara亡teristicconstant鮎Idtheback百rOlユndofead   

dモteCtOr，WeCdculate：  

applyingcase（b）wegetabetterlineadtyinthe  

PhaBe，mainlyatfrequen亡ie5highertha．nlEz．A150  

thefrequencybandofcohereneevalueshigherthaJl  

O，4isla・rger・Aswhileapprooaching七othebo七tom  

Ofthecore，thephaBei占nOtlinear（ithassomein－  

tere5tingfhc山ations）弧dtbecoberencev山esⅡe  

lowerthano．4E＝．  
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Fig・2 LPRMCandLPRMD  
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Fig．3 LPRMAandLPRMD   
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＝≡ ヱ  T血ep血揖モbetwee皿LPRMBand工一P且MD血ows  

two di鮎rent札止d welldefined slope＄．For both  

CaSeS，andbetweena11theLP且M，亡hecalcuhtion  

弧d an山y由亡1early show七h且t a．亡Or亡reSOnatl⊂e  

Phenomenonleads to oscilhtions at O．5Ⅱz which  

a・rerepreSenta．tiveofthe well－knowtlBWRstabil－   
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3． Observa七ions  

hFig・2theCoheren亡eandPhasebetweentwo  

LPRM且∫eかenforca5e（a），Wi比outきubtraction，  

intheleftside，aLtdcase（b）iIltherightside．When  
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1tyPrOblem5）  delayuslngthedisp）acementofth巳CrossCorrela．－  

tionpeak・Inthe貢gure，CrOSSeSandcif⊂lesmean5  

results qbtained applyingthe pha・5eShift calcula－  

tionforcaBe（a），WithouLsubtra⊂tion，a．ndca5e（b）．  

Withapreproce5SlngOfthesignalrespectiY巳1y・Re－  

5ult50btaineduslng七hedi5pla．cementofthecross  

COrrela．tion aremarkedwitllan a占terisk．  
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Fig．4 LPRM王‡誠ndLPRM工）   

Table工showstheobtainedtimedelayfordi鮎r－  

ent frequencyband5，takingln a・CCOuntthecoher・  

encevalues．Fromthi＄table，WeCallSeetha．tLth巳  

COrreSPOndent result5for both cases slgni負cantly  

differedforfrequencieshigherthanl王王L  

0  
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Fig．5 TimeDelayC且1clユ1ation  

LPRM D and LPRM C 

Caミ；e（a）  Ca5e（b）  Ca5e（a）  Cas卓（b）   
ーーーーー  ー ーー   

0．68ユ  ・ 0＝0古F‾盲云5   0．867      占有‾‾「‾古訂、■、‾   
0・63＝1・－0・35＝1・2   0．695   0．729  ロ・51 摘   

1．1：T．4  1．2：2．1  0．430  0．495    0・65loご   

Time deはya10r唱汁帽 Channel（SeC）   

Table2 TimedelayaloTlgthecha．nnel   
Tablel TimeDelayforLP且MD aJldC   

TheresultsobtainedappIyingthedisplacement  

Orthe亡rO古5印rrdation p亡ak dono七山l丘11the孔d－  

ditiYityofthetransittime．Additivitymea．ns：  

n2＋了ち3＝れユ   

Whererlヱi5the亡ransit亡imemea5uredbetweende＿  

tectorsland2inthesam亡吉山ng・Thebe5taP－  

PrOXimartionfortlleadditivityofth巳tranSitLimeis   

Fig．5summari乞eSthecilculation o11thefouf  

dctectors uslngthepha＄eangleand the⊂rO＄SCOr－  

reIa．tioTl，In the銭rstlnethod．we took the mean   

Weighted by boththe frequen亡y baLnd and the亡0－  

herenceYaluesalo叩all七hefrequen⊂iestocompare  

these values with those obtained from thelatter  

One・Onlyincase（b），WeCOuldcalcula・tetlletime  
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Observed at frequencie5hiEherthanlH七orbelow  

O．4Hz．  

The兄〟∫2五胡been detモーmi皿ed overvadou5  

frequency r密OnS a亡COrdingto〔5）・There5ults，  

WhichareshowedinTable3，Signi鮎aJltlyvaryfor  

differentfrequencyreglOn5．Atlowfrec11ende＄there  

isanincreaBln苫OftheRMSコwhilea・thigh fre－  

CuenCyrangeadecreaBlngi50bserved．  

thebinoma16tandpunctuatedlinesindicatethe  

twoG且uSSiancomponentofthe丘t．   

Simi1arfithasbeenperformedfbrtheother3  

LPRMaJldtheresultsaLreSummarizedinTable4．  

ⅡereltheexpectedYaluesandthevariance5ineach  

modechngefordiEerent＄ignals，andakobetweeIl  

the丘rstandlaBtdatapoin仁s．  

TaLble4 Gaussian丘ttingofthefourLPRM  

Table3 月〟∫ヱ0VerVadou5丘eque皿Cyreg10nS  

4． Discussion   

Due七otheremo血oft血elowfre叩en亡yglobaユ  

noise，t‡1e加quencybandofhigIICOherencev扇ue5  

greaterthaLnO・4increasesrThi5efFectalsopermits  

abetterre501utionin thelineadtyoftbepha5e・  

Between LP鼠MJDandLPRM A，fbr this verti－  

Calsp誠1n＄thehYdraulicturbu）encea．nda．dditional  

VOid苫enerationpractical1ywIPe Outbubble pat一  

七ernsoverthisdi5tanCe・Themechanismrespロn・  

SibIefbrtheinterestizlgauCtua，tionsin thepha，Se  

Whileapproachingto七hebottomofthe亡OreCannOt  

beexplainedatthispolnt・Possiblyduetothehct  

thatLP且Msi即al＄OSCi11ateinphaBethroughtthe  

Wholecore且ndthe5trOngeStO占Cilhtionisfoundin  

theenvironznentof9x9fuel（correspondenttothe  

mea占ured血ing）5），七hep五郎ebetween工一PR朗D  

andLPRMBshowstwodi打erent5lopes・  

4    5  4  ・3  ・2  ・1   8   1   2   コ  

0  1  2  ユ  ヰ  

Fig・6 Res111tsofthebinormal丘tofthepdffor  

LPRMD   

In Fig・6，reSult of binormalfit ofthe pdfof  

LPRM Dis shown．Crossesdel10te pOintsofthe  

亡alculatedpdfhaving5Ochannels；SOlidline5hows  

一日－   



Tbedecrea51瑚O一山e月〟∫ユat九igbfrequen・  

Cies（fromthetop to七hebottom）c孔nbeunder－  

5tOOd onthe baBis of七he bi皿OdaltwoTPha5e且ow  

model，WheretheRM52athighfrequenciesispro－  

portion且Itothevoidfraction8）・   

Inthe正札meWOrkofthestudy，a，tthispoint，it  

isdi伍cult tdfiJldare且5OntOeXPlainthechnges  

Oftbeexpectedv血es弧dtbev訂i弧亡鮎Obtained  

血）m thebi皿Odal飢由一出方er巳n七軸n記5and山師  

betweenthe鮎standla5tdatapoint．  

古）Ber苫dahlB・，Rei占ChF，，Ogu皿aR－＝BWR5ta．bility   
hv饉tigationa亡Fロ門markI・Ann・Ⅳu亡1▲EneTgyVol   

16－10，己09／5ヱ0（1g8町  

8）Ⅹ0王皿aR・，Kita皿uraM－β08genも00皿＝Void缶ac－   
tion皿e出ureⅢentinnucltさarre孔CtOrSYianeutTOn   

noiseme止0由・Pape＝ub皿itedforp111〕じcatiDntO   

Ⅳu亡1earTe血皿0logy（19g5）．   

5． Conclusions   

Theresult雷Obtainedapplyingt上1edisplace皿ent  

ofthecro5SCOrrelationpeakdonotfulB11theaddi－  

tivityofthetran由ttime・Tbebe5tapprO元mation  

fbrthisadditivitywasobtaincda・pplyingthecoher－  

encebasedErequencyanaly5isofthepha5eShiftof  

tbe CPS工）．  

When thモmeaSuredvaria．bleisneutrom且uctuT  

ation，is better to caIculate the traLnSit tlme for  

different h・equenCie5，aC亡Ording to highcoherence  

V山ue5，1皿Ordertogetmo代r七山ibleresu王t5・   

Inourcalculation，Whモn比e占ignalwa占preprO－  

CeSSedbYre皿OVlngtheglobalnoi5eCOmPO皿ent，the  

res111tswereimproved．  
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