JAERI-M
94-013

B UFINeHIERIC BT R & FiEORE

1994 2 H

B AT A R - B RME - R BK
PEE S RN/ L RE S

B x B F Hh W R A
Japan Atomic Energy Research Institute



JAERLM L #— ik, HEBRTFHFEHPTERIIANL TV E&EEFTY,

AFORG BT, BARF DR AT R ERERR (T319- 1150 IR AL 5
WA AT, BELILLIE G, U E, IOEMCHEEART LB ER s -
(319 1 B38BT R ACH AT H AR - I0F5eir ) THEIC L LERAGEE 20T
B FET.

JAERI-M reports are issued irregularly.
Inquiries about availability of the reports should be addressed to Information Division
Department of Technical Information, Japan Atomic Energy Research Institute, Tokai-

mura, Naka-gun, Ibaraki-ken 319-11, Japan.

(CrJapan Atomic Fnergy Research ]:1sti1,qu:__ 1984
WEHRTT SR S R
i w Vi s B ED ORI 6




JAERI-M 94-013

W UFEGSHIZ I B 2 ERIKE S hOWET

EEN =S NI T e
BEH B YW RE e B BET BR
KA A -/ BEH-HF R

(1994181 8HZE

BUTENERNS ML, TENERICEE U THHKRED 0 &35 ABRALEREZ
ot A, B UFBZEEA VTV B ARSI EE (HENDEL) OmEldsts.
i, AR ERE BT A ESHERT, RO L, REREORERCERE
DRENELEbDEELONT,

22T, BEI%C,, OREAREELKE S UFFICUTIL N RFRICK ORI NEE
BEEAMA LT, SUEBNICBT 2  HROMERSAEZL, zoREZHEEY oML
1=e

i1 HoLUPBUTERICEELAERERETEHETHETAF 1y 7 TN MEH
BETH B I &4 FIFREEICLOBERT S E & bic, EEREKEKEZIGIRC. ICERLT
ZOHEMM I L 1. '

SR TI9-11 RREBFHEEHAATER2 4



JAERI-M 94-013

Study of Air Vent Design for Inverted U-tube Type Heat Exchanger
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A two-phase flow has characteristics of the blockage instability in
which voids prevent and stop the water flow in an inverted U-tube. In
cooler C3p employing inverted U-tubes, changes of heat transfer perform-
ance, abnormal mechanical vibrations and corrosions on the surfaces of
cooling tubes had been observed during the operations of HENDEL (Helium
Engineering Demonstration Loop). It was assumed that the causes of these
abnormal events were air stagnated in inverted U-tubes when cooling water
was filled before HENDEL operation.

A blockage instability of two-phase flow and stability boundaries
were Investigated with an experimental apparatus composed of water ple-
aums and an inverted U-tube which is parallel to a bypass channel.

"Dynamic air vent" and "Vacuum air vent" methods were additionally
suggested to reject the stagnated air in the inverted U-tubes. As the
results of experiments, the possibility of Dynamic air vent method was
verified using the experimental appératus. And, the usefulness of Vacuum
air vent method was also demonstrated through the tests employing cooler

C3, of HENDEL.

Keywords: HENDEL, Cooler, Inverted U-tube, Two-phase Flow, Parallel
Channels, Blockage Instability, Dynamic Alr Vent Method,

Vacuum Air Vent Method
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EEH—BICEL L RENIDKERZEFEEHO—F & LT, BHKDOANTDFED021m/ss 7
T v H ADEINTOFED0.085m/sDIBEEFig 31U R o BRBATO—/ 35— 2R
K% Fig.3.12125 7, LB UCBETIR. TRETOZERBIRRRKICT ARSI BRI VR SN
oo E1o. BEADOAMIOTEL02m/sDE L, ZHEOENRERLIE /4 ) 74 OHINE & HITH
B Ute ShUL. 74U T4 ORIE EBICEREORA FRNERTHDI EREL TREDRA
FEDENREY LT, KEREAVBY T 2D TH L,

FROTIE. TREIIBLTERIEBRENE o, L L, BERAKRZS 7 DEBIZE DKE
MEESEE LT 200D 50, JOBE, KEMEERTERT /OEBL & bIK LF LI,
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REMDKZIIZELFHO—F & LT, BHKOANFOREDN032m/ss TNT VT ZDEIT OFE
$90.025m/s DS FFig3. 13107 e Eho, WBAE 7 0—/35 — V&N R EFig 3141079

FHDTIR. FA FIKEHE OB THONRRIRE T & SIOKENBERBI L. TRET
BWOFEA FOMT RS TRERS N TOAREIKEREEN LR Lz, 0L &, TRECEYAF
£ FOBBREI RESUEHNE SN, KENEEOLDIRI2KkPaEBA L, RENTKEREZEE
O & LT BHKREN042m/s. TN T v H ZADBMG OFES0.12m/sDE A £ Fig 3.15107F
4o i, HHAT O/ — U EENICR%Fig3. 161077

Wiz FUEEMICEAT B H ZOFEF0.042~0.76m/sDRET—E L LicL &0, KEREEL
BHIKDS D ORE & DBFE % Fig 317107 T K&y HARE042masU T THEAKD LD
e %0.80m/s Sl FOBEREGEIRT, KAEMEEE, THbb. ZHRORBHERE BEKDS N OHE
DRI BDETRE - 12e —H HAFED0.76mys TR LA L AARR RSN -T2,

LT AT, R Ui AR Y A ERERIC L 5 & BHIKD ST OFHEH0.80m/sDIE
R TIE. THROREIEN S BAKD SN ORE L OBENERARERTIERTSHD. &
o BHEIKD DN DRED0.53mU T OHER TR ABARNAE {45, I3 BHKOHIOD
HEHEIMET TS & LREICRRTTRETO RS FOBHREELIRIT10IC, THRED A FEHN
R N < 1 D KEREDSRINT A0 0 TH B, KEMEEOBINS, K1 FEESHLUTKER
A & BT BEN &1 5, 4 FAKERUEIFISEOE ENIBIC, XEMZEDED
F5H, HFLOEA FOREICE H BUREIER SKIFRASHM LT BEKO AT ORELED Uy
ZOHER. KERNZEOEHNENINS,

THHDT EMD. FUEEEERIEC G ZKEMEEOZBEHE D THRE CORETIELTI,
FUSERC B 5 T HBOREIER & hEkO A OFiH E ORI ARARER LT I LITER
LThaZ Ebha,

3. 3. 3 FUZRKBICETAZHARORERRA

ADEREADT VT v ABRAE R4 I I E 5 EFig 340ENRELOEHEN SRS L LD
12 TR B b FUTHE & S AT RRORE A U DY, TT Y
FRARBOEDPIFNE Z ORBHRERIINE (. A ARBORERERICLD MBS DB
BIIABITE LTI EA, HBTATVH ARRICET 5 EFUFREDWAKAORESO &85
PRSI RET E, AR TRIOEELE & > TEERAEEELI

U B B KD AN OFREN0.21L0.32m/sil BV 2 ERERAEKOKERELORH
Ik, £NEFN. Figl.18LFigld.10ilRe . MEDBA. KEMERIIRAML1kPaL &/ MA
2.5kPad E B LD & D KERMEES11kPad & SHIE Ui, FRIC. REOHE. KBHRERE
1. ZOORRNIRS BB, BAMEOKPaL B/ME3KPad EH S0 Dfl%E & D KEREEA9kPaD =1
ELIS

BRI 1T B KOMUTEALNEE 74 7 1 OBFHEFig 320107 ARROEHE T,
BHKFEED0 2ms M L TRAERZRRBE LGS -7,
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BT TR B & RO BEIK DS INT OFE Sk EMZEE & OBIRAFig3.2110 7Y, MERRR
HBOKEMEREOANy FREBESXITHNECE>THE LD -7,

F o RERBICHIT B BHKOHINGOFE L EFFE A & OBREFig3. 22107 T, ThiZkY,
BEBSATE T 3 & 2 OEREN ) IBHKOAN ORRIKRELTIIT—EMEL &5 2 L0Di-
720

3. 3. 4 NARZHEBBEHOEE

SNASRZEE D A B L TETURM A %55 A — 5 ELUTRY, A S2AREOR Y HFMERROKE
Mﬁt&&fﬁg%%&t°N4Nzﬁ%®ﬂﬁﬁﬁxﬂ\%ﬂmkmﬁﬁ%L%~me@®ﬁ@T%
BAF . 148m/sHl T CHREREORAE Uiz, SHKADRE%E1.48. 1.27. 1.06m/s& LIRET,
FUFREHRIE Lz & &0 MANMEEORHRE(L%Fig.3.23~Fig3.251C 7 7

U RBHREROBHKOAMIOREE 7 4 7 4 L OBREFig3.26i107 . BT, Wi CH
P A ISR OET Y A =890 OEREE HOR B, WS, A/ ARBOEIURR A DD
w0 A EHELIZC B D ENDD D, Fi. BUFHBOHET 281 LGOHANREE LR
DBIFOREEDBMEEFig3 27w T BE D, FUFERMERIT. 2WHRIV A/ SHHE
NBDT A SZAFETORERMAIITHAOBEENER L TWAE I LMD b, S5l T
jyﬁxoébﬁwﬁﬁﬁQmeuT\%Hﬁ@é#ﬁwﬁﬁﬁaﬁmmqu\%%%@ﬁ%ﬁ%&
DAy FHLImEBL LB SICHEREPE LS I 0D T

FNT LA AABUEEITEAT S E B FIZ & 2 HEBERIHMT 5 O TEUFEORHIKD ST
DHEDEIT B FOEE N4 SZAHBICHIT A HEKRRITHI U TRERTHUEM U715 Dk
BEEFEODH 5, 32MIOKBER LY, TV VH ZADBING OFEL 0420/ LT Ty FUFEN
DBHEIKD AN OREH0.53m/sbl F OER S FIE TR ZHEOFRERIAWSEIKD 50 OFGEICH
LTRBARAET 50T, & SIHUFENORIKOANIORERBLT A LINLL, JO&
X KBREEEOA v FOEREOD IABANVBAITIR. BHKIEREOFUTFHERZ 57O
BEH4%H CEICh, MERRIRETSHOLEI SN,

UL%E LB E. MERRRERRE
ORZMEEDONy FRERERIUTTHH I L.
OWUTAEICR T B THRORBIETL. BEKOAN ORE U TARARERT 5 &,

ThoLRERIITOND,
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4. FAFI 7 TNUh

4. 1 EBHHE

F1EI0. o Uh. BLITL D AELFUEENSERAF RS HETH LS M F Iy 7T Y
FOEBEA. KEMEE L SHATOME EOBFENOFRI LI, THITLD . KEREEDON Y
RAVMEEE S XA S D ESEBAE LA EEL SN, FIT, BIBTHRUIEUFEARS
i 2 REES LRI AN EREREEALT, TS A+ v 72Ty FOERTAZEFE
BB T Ui, k. ERC, T, BRE L DEBOE M ZERRE MK ELRORLRE R
RUBSOEADTHIHORKE & hHAICREIND LRELSHAENOT, F1F 1y 71T
U T, EBERIIITOREHEFENE L, KB AEKORFILTET .

SR EOBINITEI TR L TWADTERT S, ¥4+ 31 v 727y  OEAEHEERFD
FHEI L. BEAGEBEICEE I RT, S SRARBICHEKER L. KO ERBTEISILD.
P LT AHUTEEAOOEEAHAGT 3, 1h. EREB T, FUFTRBHAOROELR 2,4
NZBEBOENIT L DEET R ERTE L, EBC, TR, FRCLDBELTWILERAEERN
ABHKOHEAHET 22 it L DKEMOEEERR TS 2 L1005,

ST, H50 L%, SHATIH AEADOEIBEINS L IKHREEAU, A/ YA
ICBHEKAR LD S8 b AR LT, FUFENOH REKENTLET, ZUT. £DEEDKEH
EEAFHIT 5,

4. 2 EBER
55 LN A L D FEUIHUEHRBOMADREEE A S ARBORD ER/HTH I LiCd

b BUTEROH ZEBOMKSEAN LT E TOKSMZEREEL. 1+ 31y 72TV M08
MEEAT~T, 5. BE LA ADEREHADK B 2Tk, TVT Y AEANDRS
BE L2, ERIT. A SARBEOSHKD AOFE0.96~1.91m/sDFEH DSF&H TT - 12
BRI B B, BUZGEREN S/ A/ SATERE D I L THHKORER B E 5 L TOKE
RS H & Fig 4.1 ~Fig 4 5107 T KEMEEOHLEL, ROSBOFHITAIENS,
ORUFH e A IR
@73 A /S A FEERE D DEHFIR
@ A/ KRS FEUFETRR TEREL
@FUEEWNHEKOML BB AR
W UEENHEIKRE OREHE
HUEERAHK DML R B DR D ER E A /S AT B B B HKIE & OBk % Fig4.6
c g, B b, ERREID A SARBICE T AREKFEE EBITRP TS I Lbh- 1%
Wio. FAF 19 TRy FORFEEICHST 5. BUFERBETKOMDRBIRER O HA DR
ST b5 S AT BT B B kIR & OBREFigd TIORT . BE D MBI OKERELR
A S ABEITB B RHEKRE S & bt U, BRI EI, FAF Iy F TR D
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BRGHE LT, KERZEEDOAy FREREE IS UMETHEIREI QS ETRINLN, &
BRI S A SZHBICH T AREAREIKE L. ZEROBH TTREEN SRR1SREEERS 2 &
Db oo, OIS, KEREELFERT L&D, BRENSELRERC I ENTELREBL
EBAELEDNTE, FA4F 39 217Xy FOWEERERT I ENTE

B, NANRZREDEN E & HIEMNT S EELSNSERIE,
D7k LD — ARk R BN .
SO ATIKEIZB T BN
OIEBEMICEET 2 H ADEA.
EREZ Sh. A%, ChODFREZR L ETE DN ETMEE LT, ERERSEZLALRE
BIr L hEBEEE LKSENEEDANy FEOBMD Y E X DHEIT 3 LELSH B,
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5. FZEHIKEKIE

5. 1 RZEBHKIKEOHME

5 0 B TIHAHEC, OREFRIPUTEINET IRLFRAIS B LI RREEL L, H3FE
Tl AHEC,ORHUFELTIRSLEE L EREEIC L VFUFEARERIWET 5 - LEHD
L. B4 STHESHUT 548 E UTOKEREFDOAN y FIERERSERTH S LEF LI
BHEC, OHAKEBEFOANy FiE3mBETH 20T, BHBC,OERENICBEIIWE LT
VBT EMELONE,

20T ARRAIET 3 hobic, BHEC, OERENICERN—YIAS Z &5 (kK L
HETRERR. RERBOREOE LA, BLOEET -5 LHBTSLELNH S,

HEROBETKIKETIE. BEKRIAHK ATk, BEFRDRVEIICRIE L TH SMEBER,
BEBC, (NBASH, RUBHEC, KOO TIRFigl148H) RURHSC,D7 +—7 - ey b
DS X FAMN U TSR X 21T - Tz, £OMH. FUFHICUL > T3 HHKREE PEAE
EEIEETELOEEL SN,

ARB T, AHEC,OHUTENCRE L ZLETLKBET 57, HENDELD EERIIN
HEC,Ebh ORIKREEE UTREAEEK L. D%, HENDELOBERHEHHEC, TR
B LT RE LT, BHEC, PREARRURERBOREOHRERNL LT 5,

¥, WEHEE L ERE TRENREERIWMT 20T, HERHADROERAENT
B, TOCEMD. BREQELEASZLITREI N EER SN ATEROBHIK K & BERAKE
KEA T - 1B S THBEKEANEERZEIAE LS D EELONE, £IT BEHEC,OHAN
EEAREOR KK L EEAHKEKEDOES ETHRTBI LT 5,

5. 2 BEBC, OERAR
5. 2. 1 HEBAHE

BHBC,EDYONY T LN ARRUBEKRD 70— —F AFig SRS N T LA ARIED
T, AR5 A v EBHB LR R HBBHFOMEAEL T, RESEC, L EHRT SHAEE
WA Lk b, AABBBAOONY T LA AREZBHHHFL T2,

BHKOHREIR. HHEC ANOBRNREN GIELY VY @ 0~69 4kg/s(0~250m*/h) THEIT 2. *
fo. BEBC,HANOBHKRERVEHE. BEE3SmmOREX LRI v —(~1IMPa)liZ & B &t
HLT B, BHKDEEDSBHKOENES L Lk~ ENET3BE /P —-ITX D5

AL TWhaD,
RHIRC, A RN B BEKOEBHRIL. HENDELO@ R EER I 1336.1kg/s(130m¥/ )BT, 72,

ERENTORIIKORER M/ RS LT AN ARSBC,dEANREICRE LI VT ORE
Hilic & D BAH61. 1kg/s(220m*/M)BE E TRET A ENTE D,
BEBC, OIEREE KD 5 RREHRR TH. fOBRINHEKESE LY HEsanEns
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SN 5 BERC, O ERE N 5B EKOATHEE36.1kys(130mh) & LT3, HHGHKEA
OOEAAKE T 2 MR Tld. AAKFE%£0~61.1kg/s(0~220mYh) DB TR I B,

BHEC, DEERENSHEAEIKEARI & Y ESHEELT I ILHIT, BEBC, PV T245
I LEZ AR TR Uiz, BEERC,D KL v TR U TERR /736 LT AT Photo.
5.1%UPhoto.5. 210 R T, BHKROBEZSHIKEARDOFIRE UTE. BEKROD F L yirokER:
P, HERYTIC L DBHBC, DRAKREELEEH TorBEIN 2 ETREES &7 5. B4
320, DEZF &, BIBC,BEKAOD VT EF 2 IBRT 5. BHBCIIMEKERI L%
KRN0 VT ERE LU TREKEEREE 5,

BEHBC, TR RERBOREEZRA L. T/, ThERFTH7DIT, BHBC,OENFREE
EEY LY —ARE L. v —OBREAERERBREGE Y AT LIIRGET b,

BHEC, OENFRRHOMEE ¥ o —~RBUBE 4 Fig S 2T Y. MEEY Y-, FHEEN
Wt Y —(Hz~SkHZ) A B HBC,/KE 7 5 v VEL, W7 7 Vit ANV AT AAOREL
OB R R EEICE7E, Y — SRR £ Y —(0~200Hzy 8 B HECKE T T VLI
DTS, ZDM. Y — VR ¥ Y —(0~200H2) % IEK A » 7R ER H DR RE
LT3,

BERBNE AT LDT O—Y— FEFig53TRT, ThThot Y —OHAESRT—7 VI —
Y& UFFTT 54 ¥ =T LT %, 35K, RERBORLELRET 57000, IEEE
v —OEHEBREA - F4 AT v TREAN LU TERBIERL TS,

5. 2. 2 AHBCBHABEAERFFNARITOFHE
AREBTHOEHEC, KE I A RBAERIENBEROHEREUTIIAT
BHIBC, DEBESRURHEORBEFTHHIET NV EFigS4IRT. FETNVTR, EREN
ABHIKDS, EBEAEAY 7 LHZADWN S, SOEE. BHEORRABQWRKATTEN S,
Q=G *Co*(Trs~To) (5.1)
Ge\Y T LA ARE  [kg/s]
Coe N T LHT AMHE [kWes/kgeK]
Q=K+S,+AT, (5.2)
K:#ali R [kW/m?K]
S, ImBAmEH [m?]
AT SEFHREEZ O
ZIT. GREESRUMETFEREERAT, RUTOXTEZL %,

S,=rted,eNs(L-n+H) (5.3)
d ZBENR [m]
LEYEHEE [m]

NAZBVE DAY
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/Ny 7 VAL DRE
H/ Sy 7VEORE [m]
AT,= ¢ *((Ty~Too) (Tt~ Tod) Y 10{(Tis— T/ (T~ Tw) G4
¢ RILEHE
GODSEHRE TORUC L DB SN HEBEK, BEKERE HEMZER, N T LY ADIRRE
WBSERR MRS R BIEHA AV T, BhRERRA KD S LA TE D,
1/K=dp/(a; *d;+Rpedo/di+ R+ 1/, (5.5
dAZBENE [m]
o HKDEREABMEER  [kW/m'eK]
a N T LT ADGBENBELER [kW/m'eK]
RGN [(kW/m?*K)™]
R AGEAE B BRI [(kW/m?+K)™]
T ERVERNBEERIL. U TICRT Dittus-Boelter DRI & D3R o
Nu= @ od/ A ,=0.023 «Rey,"®oPry, (5.6)
Rey SHKDIZREAD LA / IV
Pro:HEIKDT T > PIVE
Ay B EH KO BIZEE  [kW/meK]
BHBC IRy T VEBRL RSB TERINIBARIITHLOT. N T LA ADIGBEN BimE
12, PFicR T DonohueDRICL HEKD 5,
Nu,=0.23 eRe,“SePr? o 1/ L o)™ (5.7)
Rep=uped/V
u=G/( 0 *(S.*Sy)"?)
d,=4[(0.5+P)*(0.862P)~0.5+ 7 +d 4]/ ¥ +d,/2)
u EFNCH BHETHN LN Y 7 NAR &S TOHRNOFEEMEE [ m/s]
G:HEOEREREE [kg/s]
S HHBOTLEITR HLENVEFTO
EARFNICN T 2 R/ AR R I B [m?)
S,/ 7 VIR SO T HH([m’)
PARBERSIOE v F[m]
1R DR R kg os/m]
1o BRI B 2RO R kges/m]
v AR OB BRI [ mYs)
p RO EE kg/m’]
EBEHBRERR . UTORCEDRD S,
R,=d, *log(d/d)/(2+ 4 1) (5.8)
JIT. A REREOBRCERT. BHBEC,OHE A ,=30.9W/m K& Uise BHEC,DEE,
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§,=21.98m% §,=0.1486m> Sc=0.1264m2'f" P=0.069m. de=0.0377m. 7. WIEREJIZDO0TH
¢ =1 %fﬁ L b 5 o

5. 2. 3 AHBCHAHKEANMOESRRT— 5 BET®

BHBC,OFUFELELIRE LTS EERONEDOT. TNThOBUFERADOEEE
H4 2 OFREE LA, BEEORE LOFHED S, ENFHISERHBOHHKEADREIRT 5
&t U, BHBC,OHATIRE LI2BOEN T v ¥ —OHOREKFEEREFig 55107 .
WANDEAE Y~ I2600mmOBAEED S B 720, EARKERD BB OREZI LB ES
EFHET 5, '

WIE SN BHEC,ORHKOHADEFOEMHE(AP, )3 HEKEEAP). HHBADKE
(AP). BHEZHIIKE(APYRUFUTEZRE(AP)DEIRROBHITH 5.

BHKFRER. FgsSICRT &I EATHUAORM THS SmOREDSH b HEDEZD4EHD
00" HATH BRIMBEFROD120° M D EE G, BEN SHHEIKEOAORFHHEKEN SEE~
OEOKENT, FhEh, WARBRURNEBOERINS,

BHEBOEREDEHHE AP L. BREHEHOETRKAP, DU, KED SEREDH
i BEHRK AP, ERED OKRBNOILKRIMITE B EARK AP K UTHUFHD 180"
B0 SOENREAP F &, £070, GREEEHOENRAKAPLERDSDICR. EIR
% AP, . AP, JUAP L EREDEHRKAP N HELFICLEDD S,

BHRC, OFUFHEREHEHOEMAK AP ALAEE. #it)EEORROENRARE
BEAIDFHHAC X O R THAMEAP B oFE LI Z It L DRD D I ENTE S, LTI EHE.
D TEARBRURMEBICBIT AENRRERD 3 FEOBBEARE ZLITT 5,

BHR S HKREOE B E AT AREERORE EZX . BRIZOVTH,

£, =64/Re (5.9)
% T EEIRA GRS KD, AFHEIK 20 T BlasiusD R,
£,=0.3164 +Re™ (5.10)

AEA UBBEREFREE XD, TOL5 I LTHEONERARRH ZAVTHENOLIRLR
AP

AP, =fr s((Lid)o(u?s 7 H208))) (5.11)
Lk DkHD I ENTES, JIT uidBHKOHE, L=5.8m. d=0.155me& L7,

—%F. HADEIEONTIE, M OBV EOEHRKERD TN SOBRNE & -7, B2 OEAY
sOEHRER. BN EFEEEO—BEARTIERID, UFICRTERKMH P SRDEE
EMTEEY,

{=0.00873¢a A » 8 o(R/a) ( Re(a/R)<91 ) (5.12)

£=0.00241e @+ §oRe*VR/a¥  ( Re(@R)>91 ) (5.13)
22T, RIBAS O EROROMBERE, a=d/2)I3EOMEE. dREONE. IRFARLOAE |
A AR ETOIROEEREHN T,
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A =[0.029+0.304{Re(a/R)*] ] +(R/a)* (5.14)
Q IHEHTHD D FOHMBREBFR ERENER QRIS TH L EHPSUTORREINEZ S
ha,

a=0.95+17.2(R/a)™* ( 6=90") (5.15)

a =1+116(R/a) ™% ( 6=180") (5.16)
Ria=4D & %(5.15)& DB SN 3 ¢ DEE2.1T. (5.16)E VB 5N 3 a DEE12TH 2. §-120°0%
LIITESBRDEOD T, 0=90'DEE&Da k., §=180['}DEED a D DDEDFHE LY
1.66& Uiz, B EDR L B ESHIBHEE.

Bhg={ (u’/(2+g)) (5.17)

AP =7+AhL, ' (5.18)
ITRAT B Z &L D, B DEOEAREERD B I ENTE S, B, RO EOEHARAPL IS,
AEFD90° MM EEIWHO120" fdt D EREFIRFITH S I LS. TNOOEARKOTEL
TR,

BEDKEE D SR A DMKE $ TORBIZIANE & 155, HRRBOENRRNy FALRUE

THAKAPREARH  EFAVT

A h= { 1(“12/ (2 ’g)) (5.19)
AP=7«Ah (5.20)
¢ =(1-A, /ALY (5.21)

I DRB B ENTESY, ST A REHKEENERT. ARRRRKEOMERTH 2.
BEBC, OBE, AKEIMARTHEOT, JOVAROEERE ILATE QN HMDH EL. kK
ZOERIT420mm. BEKEEOEEHR77.5mmTH 5D TAY/AL=0.0345& LT =093& Uiz,
Fon uREBEKELEIC B AREIKIETH 5.

— . BHEHOMKES S BEHKES X CORBRISNRBEL D, MDRBOENRRNY F
Ah B U APGBHRARE ¢ A ANT,

Ahg=¢ 0(1102/ (2+9) (5.22)
APy=17+ Ah, (5.23)
¢ o~(Ac/Ao— 1)2=(1/ COc_l)z (5.24)

L EDERDHB T EHRTERY, T HROIARBOBE LRRKIC, Ay, RIBAZKEORIIRE T,
Ag S HKIREOHTR TH B &I Ty ComAn/An REVMIMTH Do Mi/IIBOERIAL A, &
GIMEBC,, & DBIFAFig S.610 R T, BRUEN S WHEC, DHEE. Agy/Ay=0.0345TH LD T,
Co=0.62+ ¢ =0.41& UTe u 3R HIKEREICH Y BHREKOHHETSH 2o
IEERE A TIORINERIC B AETHEE AP, I3, UTRETEROADICE S EAROR,
Abg={ i su’/(2eg) (5.25)
APy=7¢ Ahy, (5.26)
X ORDB I ENTED, T BRENATKEE R, LT D, BERC,DKEN LEREND
AEFig. 5. TR E LS, TOEE, FigsTiim L #HBC,OEREAODERKICHITT 5
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gt TRL §,=0.56&78 %,
GRS O OW AR IT 313 3 EARK AP, GO 5E2)ETORITL KD H I ENTE S,
TEAFEICB Y S EHEEN Y F Ahy JKUEHARKAP,, BREABH AR OT

Abygon= { goulUg™(2 *8)) (5.27)
APygu= 7 * Do (5.28)
C Utml=(1 _AU/ Au2)2 (5 29)

IKEDRDBEIENTED, JIT AJERENERT. ALARHBKEEROMERTH L.
HIZ2C,, DA, KEOHEBEIBIOMm. EREDEEDLYL.6mmTHBDTAYARL=0.0049& LT {0, =0.
99& L7, .

FBUFRUERED180° M) BOEMMBRAPLIZG1)D 5(5.16)F TOREMNAE Z LILKDRD
B EMTED, D EOMBEER IIOVTH, AL TOGBEOHMBLEENFLALOT,
KRS U TRBEMAs ) BOEBEDOFEEE & DR=187.5mm& T 5 &\ Rey (@a/Ry)=419& 5. @
DEII1IERZOT, ARG IHBUTOLIRKER SN S,

{ m=2.77 sRey 7 (5.30)
ZOREGANEGIRIRAT S &,

Ahyn={ vr @ (2 +8)) (5.31)

APun=7 sAhyp, (5.32)

PEEDBHIK K & BESHIKkEE DEE LT, ERAEHETOENMAKAP D ORDHEIL
T B EEHRARMS A BT 5 LIk b, GRENTORKORB LY 5, 76, BRENX
B BBRHKD LA /X8R, R VEBEAFRN 1T GREER, CFRLERERE LU, mRE
P ED K i ECREE & LT

Rey=uy*dy,/ v (5.33)
f= APV o 7 /(2eg))«(L/dy)) (5.34)
ik bhFELUI

5. 2. 4 BHRC, DR

HENDEL M+AM— 7 DEEEAEENo30F A 7 VTARBC, M oRFEBFRE L EEDOEH
CEE L. STEICEA AR L b BHBC, TONY U L A SRHKAD BEBBRE KD KZE
BHKEKEID & B ESRE A S LR EBEOEBEY A 7V TOMERB Ui, RBIZST5m
HBC BT BN Y LA AADBE, RERUSHKADRE, REOEEEHETable 5.1ITT,

BHIBC B BN 9 LH R SHEHKANOBREBE S FNBEH ORI L& Fig 5 811 T, &
HIAM+AN— T OREI T, SEICAHBC, I AN T LN A0 SBHKANORBAR &1
HEHRRATT. 2T BBARIE. £OWATORGERK) LHHRC, REROMHEK,) COKL
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HAHBEBHOREIRIS WMo/ SO EDS BHRC, N HHET D RERSPREIH
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Z&EDbinG,
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Air

e —— Water surface

Inverted U-tube

|« Water surface

/%’ Cooling water
_

Inlet plenum Outlet plenum

Cooling water

Fig. 1.3 Relationship between a position of a water surface
and pressure difference heads in the inverted U-tube
(Case 1, pressure difference heads<
height of the inverted U-tube)
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Fig. 1.5 Relationship between a position of a water surface
and pressure difference heads in the inverted U-tube
(Case 3, height of the inverted U-tubec<
pressure difference heads<
jength of the inverted U-tube)
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C32__Data_?‘lot { Helium Line )

1/18Kg~ s Tiz? T3g He Flow PIT4

O=g Kg/em2 Hz_in He zut e3e) He _Press
538 o 43 E
458 -
433 +

4 38
333 + E Me-fa
328 4

J Fa=Tlar

He-Fress

2338 4 28 Te-Flov

1 He-Press (:
2ea L 1 . Te-Prass
159 { \ He=in

2
128 ~ \
53 o | ife-in
L] F | e-out
aJ E) L by ' v 1 P e 'i 4 ' ' : ' ' ! !
=3 15 17 15 21 23 23 27 23 31 2 4 5 iﬂ
ate
Abnormal vibrations occurred
2 _CYCLE 1237 Hay 13 ) lSS?__J'un_GS

Fig. 2.1(a) Operational data of No. 20 cycle operation of HENDEL
{Helium gas line)

C]Z__Data_Pkot { Water Line )

ToH Qag T3al T84 Faa!
Kgren? Hates_In . Hater_oul Totzl_Flow
1998 5 42 ¢
s
382 1 E_Tu!:l-?lut
232 - E -I LHJ Tam-nmL} hhr'ﬁﬂ#
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253 4 E i Fatlsr-out " I ﬂ i - t wir Total=Flor
t!_ lﬁf\l””ﬂw “Wﬁ”}iri v F‘H; i ‘H Farer-ous
sa2 r i el Rt Rt hositiem i . \ qiter-in
F Fater-in _'ll'al-_r-i.‘l
sea 4 23 [
el
432 [
22 ' ' ke Total Flov
g
228 L
122 - r
a - 2 -_. ' ' 1 ] 3 ] ] [l 1 ] ] ' 1 i 3 t ] ' I ] + ] B + ] ' . +
s 15 17 13 .2t 23 23 Aa? 23 31 2 4 5 aﬂ
atx
Abnormmal vibrations occurred
243 _CYCLZ ISE?_Hay_EE —_——1 !SB?_J‘un_‘BS

Fig. 2.1(b) Operational data of No. 20 cycle operation of HENDEL
{Cooling water line)
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€32 Dataz Plot | Helium Line )
lr18837s 1337 T333 Rc_r’lcru 7384
Qa3 Kgrend He In He_aut te32) He Presz
sed 4 43 g de-Fress
4359 t
. [
422 [
i r Ha-Prass
3539 i i-
i
1 .
323
L ie-Tlov Ee-Prass
238 4 22 . e
- BEmia
222 -
o4 L | 1
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139 = s ?{
12
122 }
1 - r l(-—cJH
34 o .
L } fe-out
ad g [ \l. \ LL_ufF“ I Na-Flovr . ,
13 24 235 7 9 | 13
Date
Abnaormal vibrations occurred
i3 '_CYCLE 1233 Oct (3 ———=2 !SSS_N:-V_H

Operational data of No. 30 cycle operation of HENDEL
(Helium gas line)

Fig. 2.2(a)

C32 Data Plaot | Water Lins )
T/H Oeg Tz 21 T334 Faat
Kgrend Hetex (n Hatgr_gul Total _flou
1228 4 49 I[-
{
323 S ]—
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EELES L
22 [ Titsc-nu!l
733 E: by
{ |
[ ﬂ " Hirn .
523 < t il Hu“‘_{ i qarer-oul
[ YA W Faw
sz8 23 t
1
433 - .
by
i
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I
12 y
222 -
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- T
193 4 P
]
L
B—; E T . i | r i | ] t I ] T 1L I i i I I i ' r N ] ]
t3 24 22 24 c3 23 3 1 3 5 7 3 LI 13
b A DJate
Abnormal vibrations cccurred
39 CycLZ 1533 Qct 12 -—==> lSSS_NGVﬂH

Fig. 2.2(b)

Operational data of No. 30 cycle operation of HENDEL

{Cooling water line)
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CBE_pata_FIot(Heiium_ﬁine}

1/18K5/s T337 7333 He Flow P38B4
Deg K3/zaZ He (n He_auws (caz) He Press
582 4 48 o
453
432 -
4 oah A He_Preoas
350
i
382 -
252 { 22 -
223 -
t5a
-4 13 }
‘Ea n i H at
%d < I r | He  Flow
] ! L__ﬁJ 4,
z 3 ' .L.v o b ke 1 ' ' ' ' ' ! I 1 { ' ' ' ' ' ( 1 [SJL ra| ]
15 1?7 13 2t 23 23 27 23 3t 4 g 1
.“ Dat=
Abnormal vibrations occurred
35 _Cvolt 133t May_!3 ———=> 1821 Jun it
Fig. 2.3(a) Operational data of No. 36 cycle operation of HENDEL

(Helium gas line)
C32 Data Plct(’m’ater_Line)
TrH 03 EER Taa¢ Figt
Kzread Hatsr_in Hiter_owt Tatal_flew
1223 ~ 43 ,
333 -
o 3% &
738 -
§23 - AL
sez 4 23 %"' ol
1 e Hdl
129 -
729
4 13 &
733
1238 = L
3 _} 2 . , ] ] r I ] T r 1 I ] 1 ] I 1 L I ] I 1 L1
i5 17 iz Y 23 Z5 27 23 30 7 4 5 8 12
M an:g
Abnormal vibrations occurred
38 CYCLE 1331 May '3 -——=) 1331 _Jun L1

Fig. 2.3(b)

Operational data of No. 36 cycle operation of HENDEL
(Cooling water line)
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C32 Datz_Flot ( Helium Line )

1712Kg s 1137 7333 He Flow Pig4
Oeg  Kgrea? He_fn He_aut (c3zs He_Ffress
533 - 3 p
159 i
Iy
0
as f
39 E— He-Press
358 %
328 - £
{
r
238 5 29 ?
1 F f2=in ﬁ
283 o L 2
T
152 fow
13
128 Kbﬁﬁfhh
53 -
1 )
g - g - ] ] t L. {:.' i 1
5 7 ] 3 gl (2
Date

Abnormal vibrations occurred
313 CYCLE 1332 Jan 29 -— 1332 Fen_l2

Fig. 2.4(a) Operational data of No. 39 cycle operation of HENDEL
{Helium gas line)

C32_Data_?iot(Hatar_}ine)

TrH Dea 7321 T334 Figl
Kasren H:::r_(n Hzter_put Tc:z!_ﬁl:u
i2as 4 49 F
g3 t
1: Tetal~fiov
3ze b
13 F F T
723 -
L
T
£ |
[
sz 4 23 L Fiter-ia k I
| e ARAS A
£ } Sy m
423 - i ’ '
T Fater-ouwt
|
128 gq
12 N
222 4 L
s
1 [
123 - -
[
a - 2 . r L [ P S + | AR RS N S S S ’a | TN Sy 21_[
23 EFEEL 1 2 3 4 5 7 1 E ] i 1
A ° Jate=
Abnormal vibrations occurred
33 CyQLE ESSE_Ian_ES -} 13392 F'e':r__'.E

Fig. 2.4(b) Operational data of No. 39 cycle operation of HENDEL
{Cooling water line)
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Fig. 2.9 Positions of remarkable corrosions
on the inner surfaces of cooling tubes
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Resistance coefficient A
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Fig. 3.3 Flow resistance coefficients in the inverted U-tube
and the bypass channel
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Fig. 3.10 Typical flow patterﬁ of two-phase flow
in the inverted U-tube (type No.l)
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Fig. 3.12 Typical flow pattern of two-phase flow

in the inverted U-tube (type No.2)
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Fig. 3.14 Typical flow pattern of two-phase flow
in the inverted U~tube (type No.3)
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Fig. 3.16 Typical flow pattern of two-phase flow
in the inverted U-tube (type No.4)
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Fig. 4.6 TFlow resistance coefficients in stability boundaries
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Fig. 4.7 Conditions in which Dynamic air vent method is applied

to the inverted U-tube
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Fig. 5.2 Positions of acceleration sensors on the surface of
the pressure vessel of cooler Cj3p
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T, Inlet temperature of helium gas
T, Cutlet temperature of heiium gas
T Inlet temperature of cooling water

Twe. Quilet temperature of cooling water

Fig. 5.4 Analytical model for overall heat transfer and fouling
resistance coefficients of cooler Cjp
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0 1.0 2.0
Frequency [kHZ]

Fig. 5.9 Spectrum map of acceleration data on the flange
of the inlet plenum of cooler Cg3j

(normal operation)

0 | 1.0 2.0
Frequency [kHzj

Fig. 5.10 Spectrum map of acceleration data on the flange
of the outlet plenum of cooler C3p
{(normal operation)
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Fig. 5.11 Spectrum map of acceleration data on the flange
of the inlet plenum of cooler Cj3jp
{abnormal vibration)
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Fig. 5.12 Spectrum map of acceleration data on the flange
of the outlet plenum of cooler C3p
(abnormal vibration)
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Fig. 5.13 TFriction factors of the inverted U-tube of cooler Cj3;
before and after employing Vacuum air vent method



JAERI-M 64—013

Photo. 2.1 Corrosion on the inmer surface of the cooling tube
at the position of l.5m above the tube plate

Photo. 2.2 Corrosion on the inner surface of the cooling tube
at the position of 2.5m above the tube plate
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Photo. 2.3 Inmer surface of the cooling tube at the position
of 5m above the tube plate

Photo. 3.1 Experimental apparatus
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Photo. 3.2 Inlet plenum of the experimental apparatus

Photo. 3.3 Outlet plenum of the experimental apparatus
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Photo. 5.1 Vacuum pump which is connected to the drainage tube
of cooler Czo

Photo. 5.2 Joint between the vacuum pump and the drainage tube
of cooler C32
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