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Fundamental Experiment on the Closed Circuit Type
Thermosyphon with Concentric Tubes' for the JRR-3

Cold Neutron Source (II)
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Cho AKUTSU and Hidetake TAKAHASHI

Department of Research Reactor Operation
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 4, 1989)

An experimental study has been performed to understand the character-
istics of the closed circuit type thermosyphon with concentric tubes by
using Freon-113 as working fluid on the full scale model of the JRR-3
cold neutron source whose thermosyphon system has roles to maintain the
liquid hydrogen in the moderator cell and to remove the heat preduced in
the cryostat.

The purposes of this experiment were forcussed on observing flow
pattern of the working fluid and measuring the heat transfer limitation,
the liquid level and the void ratio in the moderator cell as a function
of the charged liquid volume and heat input.

In conclusion, the following main items are made clear.

1. The volume of the charged liquid is very important facfor to prevent
the thermosyphon from oscillation and dryout. If the volume of the
charged liquid is more than the critical volume which depends on the
size, shape and volume of the syphon circuit, the oscillation and

dryout phenomena may not occur.

+ Department of Physics



JAERI-M 89-—-114

2. The volume of stored liquid and the void ratioc in the modrator cell

are controlled by regulating the volume of the charged liquid.

These results show that the thermosyphon in the JRR-3 cold neutron

source can be controlled properly by adjusting the volume of the charged

liquid.

Keywords: JRR-3, Thermosyphon, Freon-113, Flooding, Dryout, Cold

Neutron Source
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CEET 5, Fig 3.212)— bz LT~/ 3 7 2 F » —RUEOBRNZHEREERT, 17
A F v — MPEOBRNEFEERBL, 4 7+ vEBBOTE, Bk, AERERVAKER
CERTODEELIOND, COAEERBOREBBED —HOHRAL L TROLLEEERS
05, EVADI 7 ZAF ¢+~ BAE~NRZALERICIEDSBO L VHD 3 2 2F ¢ — LNVHME
FTL, eV ERTR - EPDE L TAERZOADPKREZIAD &, ABOREEREFL T
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33 72F » —fHRBESHRICIFL LN, 1 72F ¢+ —HO FESERES-R&E 03 TF
LEFOHsd, 3 72F+ —HORBIHRITRDT L, COBRUAETD I 7XF +—iKiIC X
HIENMEKBSEMITELS 2o AT ORERS I TORIERFT L LB TEY, BEEL
~NRTEE S, RBORBII Fig 3.3 XTI X HLABEKERY 3 v FroRBBBICL > TR
AN, REBRRU 2 v 7V 4 ZBBEOHINICHE - TRBR/NE DB o—EEBICI
%,

I5iC, COWFRBTONEE LTRICEHTREHFER, F74 72 RERT2 Vv Fr4EE
BEABSBROCEFEELETLREIUKAO FRIEE S EMRBRE TH L, £ vDENT v 7V
HIBITL, VOB Y VP EENICEDTE NS4 7y FHEFRABEERSH 1300 cc LT
T, ArFryRBMBAEHNE 800W LILEOHH (RREEOLY) KBOTELD Y — 2 bbb,
FoA4A T PHITRR2ADBEVNVRT I 2 2F ¢ — UNUVBSERRIICGET T 5 o€ v OB
BEEBLBNSSE, COFFATY P RERITHEFR AHEO 75 » FY/KBEEL TS
BEEZLNTWA, Fig3.201)-biCFF4 7 FEEDHENRRAERY, Fig 34k F 547
v MO RO LS LOEERT,

RERKED ERCEDCREEHHB ERED L COM) 1, FRIERRHHE 1300~2200 cc,
AVFVHRBRBINOOWLTDEATH 5, 2 v Fr+RXBARPBENERITII VN TE
ARKEUSGAPREREL, COKEBAETINEINELZBLTW -V RT3, COBEHEEN
@KM%@K;OWLLH%&,@ﬁ%ituﬁ@mﬁkﬁéoﬁ@ﬁﬁ@ﬁ%ituﬁ@%ﬁ
DIRTSEMHBET AARBEHOBIBICHT LTENREAEL S, v T roXHBEBERPKE
(RBEZEABDOREIBNELRY, ZTOHDSBL TR FOREDTER LD EEHRES
195, £4 FRBEMLTIZ7RF+ —UbXUPEREL 285 &, COMREBIEE 2 RERE
~BITT B, Fig 3. 211)— c KRS KIBLANORESIREETT.

3.1.3 B 2LEREEE

DR BRBC LD LOES) kLTI, ABEORERRECER T2 72F+—T
s, ERENTRS BB LSRR - TEMPLEE L), i, avF
YHRBBEDN 1500WEBAHE TS IROLIC LT EACBEL, RBTE2 v Fr 4T
MOFEHFONEEX ERLTEL 172 2F v —EEAD»SKREHT, ABEOR2FEET LK
Tt s h, KHCBEPARLLVSVEBLATREICE > T 5, CORORERIE, ik
LHEBREARENBCR{BRIABETHD, EELTVS, g/, vLrOoBL~ViEe0 L
NWTEET D, Fig 3.202)— c KE 2 LERYHABMOREIRA AR T

Fig 3. 301 ic MR A3 1000 cc DBADOE 1 ZERBRU F 74 T MRBEDY 4 7 4 ¥
ERROHEEH L, Fig 3.3(2) K FEBEREH 1700 cc DBAORELKAED LRI E I RERE
il MRRECE D ARRERBMUE 2 LERIEFD 1 7 4 v HBEORHHEEZRT, ¥
474 YHBORBHFEE L T rvE 2 yF Uy HHOSENER, ®réTrE (£ LOEE
AT OBERY) MoEIHRAOEENEEITHTIEE, £ rOR L, EHREEL
FETRTo
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3.2 2iLOBELANIL

VDL NVEIEREH LTV 3, ZOEBRIHBBCE S DL 3 1 HioHREIRA T~
RAREBHRBICE I SDERNT EN B, Fig 3.4iT VKL ~VOLE (K4 FRUEHE
LARWERG R VL NV) 2R, (ORI THRERER 1000 cc , 3 ¥ 7433 #dE 800
WOBOIEHRALEERBRFF 5477 MEOBE L ~VOEBFHBTIN TV B,

HBICE S bORKEORERUMHKRESI NEIREHTH D, REEHRECHE S ZEhic
KHERLTEN TV S,

FEERBCE I DR A~DOEDTRA » HHEIHED bOT, tvOENESHERBLT
Etds, 94bL, BRORTRIZ2eVENMETFTHICELXVRERL, 17XF »—0EA
&AL VEN ERARBICRLAVIET S5, B, FI34 79 BCRerO@sa 7
FAHBITE B E VDI L~ v IR DT B,

FHEBERR Uy FUy+TRBBA LS B0 L OB L ~VRUKBOZELE Fig 3.5
ind, CORPL, BLrVERERBSEVREERY, o v FryXBMBREE{NZ
BEELIEB I DI S,

33 ELADKRAFE

£ WD KA FREIEER RS E AL THBABIC B TEZOECOBESRIT - T 5,

HERBTRICED 2 VAOBERUKEOHE (372 F+ - OBIE) B, 2 vFr4hd
HNEZBL TEALNFHAT A ROFBANES € FHOPRETH S o VA O EE ik h
BHL, B> TS LR T LROMENEL 3, CDRHELVHNDFEAL FBEELe
rcH—{bxh 2ERICH 5,

—F, FLERBABICESTI2K[EFREIZ, 32H0VDBL1DEIATHRANLLDR,
N DROFRAF ERHFFIR L - TRESUERBD S, T1ibb, MOKRAILLZ LVEANE
TRICE 2 v WDRESET 3 20 %S 5. MO ToIELE, #4175 EBAR
BOEIHE T O HIT 2BICHE g OE U, SBBEMLTI 72 F+— LNV ERLE~NIZ
AF v = PREAL, COLITKADHEEPSBHTHREAN EK[ARIREET 0%
FHEBRTRONA L HAEEHSRHEESHLE G, Fig 4R TXM4 FRAEHRBE L~ E
DI@EP AP L L DT, 3 YT Y HBBED T00W OREREFELITH 1 5 BK L~
OEOEEBHER/ NS DN LT, 2 v Fr4BBEDd 800WOAKEREHER (F 54
7O MOREESEDL,) CHFAEARFFCRE (A>T S,

Fig 3.6 R AEKRRU 3 v F Uy W RBRABA LA LHOB XA RO L1 FREOIHRUIFZE
HEDFEEFA FEOSTERT, TORPS F4 FRE LD EBEES{E-THWET &8
D5, 4k, CONFO—SHERRPETEE, SEINLEFOLTRUBEZRLTV S,

Fig 3.7 K V@S2 E TOHEI FROFHEFS FRE 0y FryRBRBRUOCTHEER O
MEZEERT, CORMS2emE TOESAROEE KA FEIG 3 v 7 v @RI HE LT
AT &, FIHEMEE 1000 cc & 1300 cc DR A FRO 2 v Fr 4B BBICT 4 2EH21213E L
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THBHBT L, KEBERE 170cc & 2200 cc OF A4 FRIZFHEEE 130 cc DEXD/PHELREBEL
LB, FlAE, I TrHRBRR OOWDOBAERE AL, FEERED 1000 cc KT 1300
cc DEHTE AL FEIZ 34%, 1700 cc DERHT21%, 2100 cc DHICI4HBTH S, ChoDBED
ok h o FE R A5 1300 co DREAZHA~T 1700 cc KT 2100 ceDBFIC i3 # 4 FRRRHED LT
W3, RS2 LERFABBRTFFOELICEOTIR, 172 F» —BEENKERT 201
e 7 7 — VI L D ERE R AT A E, AACTHFET ARENE (LS LITX
STEevOENDBEHONELDEEL OGNS,

4 K af

EBROER, —EERPAN- TV —EHA4 74 vORBSHLE LT, FREOREBKRITIILA
WER O D YT Y AR RRER TG L CRERSERR R LERDEESELET 5 L U 60
L1 572, CNS OB i~ Ti, TERBHEHRTESEETS0, B1E3%E 2 ZEARS
SEROE L S TEET AMICONT, KITRT LS URHAROMN . 1 7+ YREOERIC X
EEETRTEE, EUNOBELSUVRY I 7R F v — LA, F4 FEEE S SICRET 4E
B 5,

4.1 RERBMEERORE

w1 HERESERIC BT AFEEE, BEANICIATRUABIHTNLOBER BT 55 « 4t
M MAETH S, DD, HREBOKREY1 71 YBoSEk B s 7oy oAENRE
AT HiEE, wUVATONEOHELMNE, 2 v 7y +RXmBE, 4172 YETTHCORRES
RE-TAELAELESH, BEEARE(NLE, BRI 75y 7Y /RED(FFAT I
PRET D,

F 0 RERBES TOREITBBIRICEVSOT, COEETRHERHI v 7+ Y EDOTHE,
ik, € VROMAKE, 3 Ty o AB~FEATHIRBRZIEIEESI L, FKE
BEBABAEEAC LM TER, KA, COMKICET HICHBREROPIVEATES 54
REEEEBRLAEINIE N ST, IHRBERBEELTECLLLETH B,

BEAEEOYA 7 4 YiHEEFH LABAORBEHRII OV TR, HEAER, BREEKER
DR AEAFR LEBTOSR - A _HAOERIZLD, BEAOBRIZL >TEONBENT
L hsEsh T 52

4.2 RMBEBRREORS

B ERREA RO A ERNBREE YA 7Y P EREEFEN T 2+ v AOERE OHERIA
BPThD, COFS4 79 VESE, REGREE S v FryRXBABORBITHPIT L1 7 2
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THBHT L, RIEHER 1700 cc & 2200 cc DFE A FRIZFEER 1300 cc DEX D/ LB
Ly B, BAE, 2 vFraRBBRBN0OWDEAER S L, FIEKEREH 1000 cc RTF1300
cc DERCHA KRR 34%, 1700 cc DEHIC21%, 2100 cc DL TH bo ThSDMIED
8t & IR AS 1300 cc DEHTH~T 1700 co R U 2100 cc DBFIC I 4 FRGESICED LT
W3, LIS 2 RERBAMRTFZOELIEBOTIE, 372 F » —HEENICHERST DI
vy 77 — VI L AERREELIEME A0 E, v VARRGET SRESE (NS EIEK
STEVOENBEHONZ LD EELZ OGNS,

. K, Bl

EEBROER, “EEAHL-TY - T4 71 YOFRBEHE LT, REOREBIRRICE A
WBR O D T Y YR RARIL L TRERSGFAR A LERGEBSELT 5 L EHWASH
1275 -7, CNS OBIRIC Hiz ~TlE, LERGEHTESETHD, B FLEE 2 BERS
RO E LD TBET AMICONT, RICRT LI UBHARONE 1 75 vREBDERICE
L MBS, v VAOBLAVRE I 7R F r— L, 4 FESLESLIEHTT LR
B& D,

4.1 REREER RS

= REASES BT AFEEE, BANICRATKRUABZIATNOREC LT 55K - @t
B HETH L, DY, FHORREYM 74 vEOTHE BK 27y oAENE
AdLHiEg, LA TONBORAME, 77yl +1 7+ v E VB TORREAE
L - TAEELESH, BMEEBSAEINEE, BLR 75y 7Y 7ICEICFFAT I
DFEET B,

o REHIER TORSITRHERICENSOT, COFEBTRABZI Y1 72 YEOTE,
Bk, € VROMALLE, 3 YTy SABNKEATIRBRFICTEEShIC ( $KE
RBEEBARAC LN TES, R, JOBERICES SIEAMZRO/NSOEATES 51
SEER A EE LRI NER O F, SAKRBERBEE(TE22LOHLBTH 5.

B ZBEOYA 7 4 vHEEFER LABSORBHERI SO TR, HEEER, BEEARRE
Uik EABH UABEOR « i T HAOKBRIZLYD, BREOBRICL-TROAENT
LhfEsh TN BY

4.2 MBEBRFREBORS

EEEIAFEA RS B EAMESIE F 54 79 VEREREFIFNTH & LAOKER OEFE L
HPThD, COF3A4 7Y PREE, REKEE o v FroyX@magoBictfld o244 7+
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VAIBHND I 72 F - BOHLMEAEII LTREDERBREL S, §18bb, COIZ7AF
—BYE | EERBARARS T NAESICIIBHEMBREEIT 7 Ty Y IDOREIT L - TR
0, BORERPEHACSINIEAREB e gy FUHBKEGT AEORIICES
EC L - THEE 5,

amﬁmﬁ@77,szwgomfmiégAmowfu TTIITOh T AERER D
LEMIXRAEAWMET B ENTEL, FIZE 75X, Fw/ T VEHBEFF HFR D
CNS D5t BIEDLHIC R.Ewald 512 & » TIibN - EBIE® XU R. Ewald 50 ERE
B RE CEREB T o v 13 2HOTEELHT- R ER" 2 5RO EHH SN T 5,

AEF23mOFE L HENTOR « @ ZAHREICBO 5RMXERIZ7 5 FY7RHRD
BRI L > THTD, 2O[EYA 7+ YHEN 70 2 113 OB 1000W, KEDEK 230 W
Thh, KEoBHXBERBRI 7o v 1130UTHZ, 7o 113, BEFR ERKERUVKERD
75y FUYIVERANQ £V 4 7+ YEOROMGEE Fig 41 KRY. COKTI 79113
DEEREA R.Ewald 64T » 72K, EAERVKZEOHEREITELL TS, _

DT ES, Bl EEREEBRANOAEBERDES, ¥4 74 YHEHS 70113 OBDE
LLIRREHHT B0OW TH D005, KROBMEBERE G200 W LHEESN B,

—F, BERBAP e E o v F Uy ICEET ABREORSICLAENICE IV TRE 55
Eizo0TH, AEERREONEMMSITV, AEETIE 1600 WHEREEDE -7y DEATE
Thdlw, 160WLETH? BEERRAEOHTITENR s/, T, BEERAE
BEBEICE - TRDF, HEHEIAE2EN I 7 2F +» — Tl 3N, RBERXEBETH-ESNT
WEERELT, AEQCHEFOESICLSEN ENFOROKRIHENRRUABTD 3 72 2 F+ -
OEFEMEEBROE->THWBELTITH &, #4175 YHEN7 0 2113 OEH20kw, KR DIB
SR 3kw A,

DL oWeth s, BEGERAEIRE 2 BEFRGRBAORBEBOEE DA PE 1 TERKYMA
BANOFRBEEDES L DINEL EAREULE L8002

4.3 XKEUFEOLRICEIAREFTHTEEAOR

COFEFE, 2 rF oy RERBSS0W LT LS {, FRIEERELH 1700 cc fFETH D,
LDOHEHEFATOLEE T VHADZG@DRENE—TRUL, BFNICAKEBSEABREST LD
RHELBZBHRTH L, RENSEOREE S i&@%ﬁ@k%hﬁ&§<méov47¢/f¢
HIREDBAI L, BAKEORES 1.27 X 10 ke/ms™ THO, 72 113 OHE 49.6 x
107kg/ms > I HARTH 1/40 THBL &, L ~DBABBHSEIBHOWSSC LE, K E
REIADREEE NS CNRLEY, CORLERBOBRIT I 0 V113 DBELORILELHE
£ZL 6N 5,

4.4 EBILOBELNILBRULRA FEORS

EBOHR, ROEPHELPICE T,
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1) VDB LSAVREEERPAZVREREG N, 3y FUroZBARSRIVIEEES
5,

(2) £ FREELD EHREEL 2 v FrrOZRBE AT 5,

LNODT LD LREERBAD 2 v FryrXBRABNREVESELR K74 7Y FEICIE
D FRICGEDOADELABEEST LT LD, DX HIREN CNS TAT L2 Lm0 e
PHEFROEELNRERV e VOARAICHEL ThHI2RMNBELED -2 VORBRESUHIFO S
PoiEFE LW EEDNR S,

EVDBELVSVEEFE A FREE | ZEREMEE &P 2LEFRG RV THELTA 5,
2 27y HASHER D TR0 W O O FEEHMEE 1000 cc (B 1 LERHHMRE) & 2200 cc (B 2 EE
WEIAEEL) DL~V EENRFRN1IT.0ce, 215 TH B, TOFBL~VEEVHDRKE
T FBE8520cc, WT0cc THD, ELOBFHEMB0cc KT 2V R2EDEHFS FR
HENFNK MUY, B14% 15, COT &I CNS KB THEFEENe LRl HF O
LFREOerOPEHESHHNIamTSH B & EHDUTRE LBV SHENE S RREKED
%éam&énfméc&ﬁg,%¢ﬁ¥%@%ﬁﬁ%ﬁmoma%émﬁiﬁmmcc@%é
FHhARX(HBEBEDONS,

4.5 FEIRTEROKRS

FLRERRELHRE T 2010, BENOE LV ~ABEBIEEALD Fick 208 WD
FRICEDFSLRE -/, ML i EICHEALD FItFE DIt nEBLY 4 7 4 »BIEN
DIFRAF+»—BIBEFEAIOTHROY M 7+ YOIBOARIZELVRIB00cc THS, TR
HEBEERE D v FryoSRBERLE-THRIV, 2 rFryTRAENSEOEAICTERER
BARKTHI0ce THY, T vF 4+ TERABOBMMCH > TRVERSEML, I72F+— L
NN ER GBI OFEBR L 3500 cc LD T

H4 7 a2 VifAS 7oy 113 DBAIE Fig 3.1 IRY & 5 ICH 2 ZER AR & ALE KB
FEBDIERBC O ADKE L~V EEEFLL D LICEIROAHD A 74+ YEFRA I 7 RF
r-BOERELRLTVS, 51T, (OBRECHALFEHBREN 2 v 7y RABICTH
FIL TR ERURDHEEBRVH 1700cc THAHTL EDDH 5,

EBRUBRIICEZVEONALBRARLTOBELD TH 2,

(1) —EBXHAV— 74— 047+ YOREREE, RERBRC 2 ¥ 7y RBARE
LT 81 ZERBAE, ALCHBERRUT 2LERTHERIIR2TE 2, COKLEY
474 vRAIBOFE, BRECEI-TRTILZ VAT LEFEHDEDTH S,

2) B1LERIFBMOBRGEBRELZ 750 F v/ ITE->TEEEIENBFFATIFDHR
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1) EADBE L~V EEERBIREVEREFRY, arFryZBEARERIVIEIEES
755,

(2) F4 FRIEELD EHRBEEL 2 vy FUryORBBRICHM T 5,

NSO EDSHEEERMSDL 2 v F Uy ZBRABSPRKEVESELE NI4Ty BRI
D FERICGEDOADBRHEET LT EILRYD, TOLHTREDN CNS TET L LGV %
hiE FH OEFURERV e VOARFEICHEL TH 5B BEEEED L VOBRHHFFO A
hoiEHE LR EEHN 3B,

EVDELVANVRUFEA FREE | BERBHEE &S 2 DEFRGHRC O THELTA 5,
2 YT RREBEH TH0 W OO RERE 1000 cc (B 1 BEREARE) & 2200 cc (B 2 LE
WEMEE) DL ~~vEEhFAN 1T.0ce, ¥21.5mTH B, TOEBRLNVFEVHOEE
T4 BE8520cc, WTI0cc THY, tLrOBHEMB0cc THT LNV R2EDEEH TS FR
HEhENK UM%, HI4% 215, O & CNS KB THEFEENe L2 HF 0
EFREOerOFPHESHHImTSH S LB hIETRA LBV IHEME S RBIEKED
HA ek ST BC EDD, BT Rl 2200 cc DEADE 5451000 cc DA
FOREX(HBEBEDN S,

4.5 FiNRRORE

FORERRELHEST 220103, BENORLVAUVEEIKBELLY Fick 2480
ERICLDBEOOIR L, MUV EBICHELLD FITRODITHELS 1 7 4 #BIEEA
DIFRAF P —BIZEEALLDTHROY A 7 + YOIBOFHRIZEFELVRI00cc THD, TDE
RABBRE D v F Uy RBARICE-TERID, 2 v FroXBARSEORATHEERR
BATH30ce THY, 27y XHBBOEMICHE > TREBHAEML, I7XAF+— L
NP R T A OFBEERIZI500cc O Thiy,

Y4 7x Vi 7 0y 113 DBAIER Fig 3.1 IGRY & 51T 2 RERB AR & AL EHE
FEEOERECHBEHAOE L VA EEFLLD FITEICE /DD M1 7 5 YOEA I 7 A5
+—BOBRELZTRLTVS, 58, (OBRGCHLIAHERY I v FroyXBARITHE
FILTO B LRURDAEHBRPE 1700cc THEZ Ebhr b, -

EBRRUBHIIOEONABRHEILTOED TH 5,

(1) —EEXAV— 7 -0 47+ YOREBRIE, REERBRD 2 ¥ 7y Z@RARTE
LT, 81 LERAE, ALCHIEBRUE 2LEREERICRZTE S, COXNEY
47+ YAIBOTE BRECL-TRIEZVRTLEFEOLEDTH D,

12) B1ILERFFBORBEBERLZ 75 Fr 7 TE-»THERBTIENEFFATIFDR
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ERE-TROON, #1475 YREVW 70 v 113 OEAK00W, KEDBESHW0WTH
%o _ _

(3) FLEEHADEHOBMEBAR L ve 2 v F R EET 2EDE S L 3ENIC
E-TROBOSN, ¥4 75 YRENST 0V 113 DEEH20k, KEDBEH IWTH 5,

(4) &2 LERBHABOBEXBRELE | TERTHEBOEDOIMELILTH 3,

5] DB L NVED YTy RBRBICKLEF L, REEEICEAT S,

6} trOFA FRZayFryTHBARBIKHAIL, 20063 erFIICHhFAT 2, T,
D FA PRI AERR IR T 5,

CNS OEBEHEREDOREICH - TiL, SREBINIFAFHEES LOoBAR HUR
BLSoOBE, RIUEHABBCSI 28T TOEE, 2~7 b, Lo FORICERELER
LT CNS OBRBIEUEGEFHEHZEL TV TETH S,

4 2

K, PR EEATEKEEMND & LT JRR-3 &EI b 35 4 0B L5
LOTHD, CIRERNBIHEAE LTS, 37, EREBODEABEO LIL2B5H
V5 — DAMEAKE, NEMBARICLL SRBOBEE L T3,

2 % I W

(1) REH, B, WA S : JRR-3WEFOATHTREEBO/HOAV—TH—TH 47
+ EE1), JAERI-M87-006

{2) R.EWALD, P.PERROUD : THE FLOODING PHENOMENON IN A CRY-
OGENIC HEAT PIPE WITH VERTICAL COUNTERCURRENT TWO—PHA—
SE FLOW, Cryogenic Confference, [CEC3 Berlin (1970)

13) G.B.WALLIS : FLOODING VELOCITIES FOR AIR AND WATER IN
VERTICAL TUBES, AEEW-R 123 (1961)

(4} NBS MN 168

{5) HAERFS TREOHMEESR]  (FEF158 4)
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EiRE->THRO SN, 1 75 »HEN 70 113 DEEH00W, KEDBEHWW0WTH
%o _

(3) |LLREFRBEROBEERA Rt VvE 2y Fro+ltEETIREOFG IR L EENI
Lo THRO SN, 44 7+ YHENT7 0 v 113 DIBERK20kw, KEDBEKE 3WTD 5,

(4) 52 LEFHE RO BEERABIE | RERTHEBOBEOIMELILTH 3,

15) VDL SVE D YTy RBBEREF L, THERICLEAT S,

16} EADFEAL FRF Iy Fryy ZRBRBICEHL, TonhRerSIicild s, 21,
D FA FRIFHEBE ICKEHT 5,

CNS DEBHFHOHERH - T, SHRERIN AFMEDAR, Lol BHR
BEORE, HICHERARBICST28TMEBETFOBRE, 2~7 b1, DLXORERRESLEH
LT CNS OFBREGERHFEZEL TS FETH S,

4 2

FHIEIL, PIEFEREEATERESMD & LT JRR-3 XEicHED 254 0BBHIC X5
LOTHN, CIRERBIHESELT T, £/, EREBORFEBE L-/b2maiF«
v 5 —DANEAKRE, NEFARICO, SBRBEOEEEL 1,

& % X &

(1) AEH, BE, /A S : JRR-3WEFOGTHTHEEEDLDOAV -7 417
+ v EERI1), JAERI-M87-006

{2) R.EWALD, P.PERROUD : THE FLOODING PHENOMENON IN A CRY-
OGENIC HEAT PIPE WITH VERTICAL COUNTERCURRENT TWO-FHA-
SE FLOW, Cryogenic Confference, ICEC3 Berlin (1970)

13) G.B.WALLIS : FLOODING VELOCITIES FOR AIR AND WATER IN
VERTICAL TUBES, AEEW-R 123 (1961)

(4) NBS MN 168

(5) HEHWTS REOAYER] (B 8 F)
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ERRE>THROLN, 1 75 &N 70 113 OEAKB00W, KEOBEWW0WTH
5o _ _

(3) WLLEFHBEHROBEEBRI L vE 2y Fr4+HCEET IHREDOS IR L EFHIC
E-TERD SN, 44 71 YiREN T 0 v 113 DIBESR20kw, KEDBEK 3w TH 3,

4} B2 ZERHEOBREERAEIIE | FEFHBFEROCEOIMED LTS 3,

15) B NVDEL ST T RRBEIC RIS L, REREICHAT S,

6] EndOFA4 FREZ Ty RBARICIFIL, ToomiierSIichi+s, i,
2D FA4 FRIAEERR IO EHT 2,

CNS DEBERHEDREICH - TiE, SREBINIFNMEEDSE, Lok B
BEORER, FHHABRBIISI25THTFOBE, 27, BLoXOAERRESEER
LT CNS OBBHEEERFLHEL T TETH 2,

4 ¥

AL, PEFEREEATERESMD & LT JRR-3 K& HED 354 0IBHE L5
bOTHD, CCRFERBIBELELI S, T EREEORMAEBEL L2+
v 7 —DANEAKE, NEMIKICLD CRBOEEE LT3,

£ % ¥ W

(1) A&, BBE, WA, &S JRR-3WEFORTHTHEBED OOV -7 2447
+ »EE(1), JAERI-M87-006

{2) R.EWALD, P.PERROUD : THE FLOODING PHENOMENON IN A CRY-
OGENIC HEAT PIPE WITH VERTICAL COUNTERCURRENT TWO—PHAW
SE FLOW, Cryogenic Confference, ICEC3 Berlin (1970)

3) G.B.WALLIS : FLOODING VELOCITIES FOR AIR AND WATER IN
VERTICAL TUBES, AEEW-R 123 (1961)

14 NBS MN 168

(5) HAERFS (REORYEBESR]  (FF158 4)
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Tabie 2.1 Specification of CNS and test facility
IH H CNS Test facility
WM R 0.74 0.80 (25.5cmlvv)
= BEEFRENE 0.38 0.36
& :
EEREE - WA ERK 2.85 2.18
4
a v PR D 0.06 ]
avF vy EHERD
HFEAmET) 0.10 JO.16
i AR 3.17 3.0 3
E i
X i Al (fE+:3°) 3.99 3.98
B
m | B 25 7.50 7.24
v 12 (30%) | 05 (X0Fum)
ERENRE 10.0 10.08.0: &%)
=1
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