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Fundamental Research of Two-Phase Flows
with High Liquid/Gas Density Ratios

Kaichiro MISHIMA®, Takashi HIBIKI’, Yasushi SAITO",
Yoshiharu TOBITA", Kensuke KONISHI'" and Tohru SUZUKI™

Abstract

In order to analyze the boiling of a fuel-steel mixture pool formed during the core disruptive accident in
a fast breeder reactor, it is important to understand the flow characteristics of gas-liquid two-phase pools
containing molten reactor materials. Since the liquid/gas density ratio is high, the characteristics of such
two-phase flows may differ from those of ordinary flows such as water/air flow. In this study, as a
fundamental research of two-phase flows with a high liquid/gas density ratio, the experiments were
performed to visualize and measure molten metal (lead-bismuth)/nitrogen gas two-phase flows using a
neutron radiography technique. From these experiments, fundamental data such as bubble shapes, void
fractions and liquid velocity fields were obtained. In addition, the momentum exchange model of
SIMMER-III, which has been developed by JNC, was assessed and improved using the experimental data.

In the visualization by neutron radiography, it was found that deformed ellipsoidal bubbles could be
seen with smaller gas flux or lower void fractions, and spherical cap bubbles could be seen with larger gas
flux or higher void fractions. In addition, a correlation applicable to SIMMER-III was proposed through a
comparison between the experimental data and traditional empirical correlations. Furthermore, a
visualization experiment using gold-cadmium tracer particles showed that the image processing technique
used in the quantification of void fractions is applicable to the measurement of the liquid velocity fields.

On the other hand, in the analysis by SIMMER-III, it was confirmed that the original momentum
exchange model was appropriate for ellipsoidal bubbly flows and that the accuracy of SIMMER-III for cap
bubbly flows was much improved with the proposed correlation. Moreover, a new procedure, in which the
'~ appropriate drag coefficient could be automatically selected according to bubble shape, was developed. The
SIMMERC-III code improved through this study can represent two-phase flows with high liquid/gas density

ratios in a wide range of void fractions for bubbly flow regime.

*  Research Reactor Institute, Kyoto University.
**  Nuclear System Safety Research Group, System Engineering Technology Division, O-arai Engineering Center, JNC.
*** Fast Reactor Safety Engineering Group, Advanced Technology Division, O-arai Engineering Center, INC.
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EWEFY 7 FRERARNTE LN 5,
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/4
v, =2 ["—gﬁﬂ) (1-)"™  for bubbly flow

£

1/4
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f
1/2
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F 7z, W, Saito HiE, AW L E#RIC FBR OZ2MF 2 HA L L CTMHE
BEfTo TwaPEl, EBRE&M% Table 2 IZ7RT,

Fig.7 B LU Fig.8 (T4 2RI T2 FU 7 MEE L AKRDHLERE L OBk
BT, EBRELHEMEIIIL—BLTVEY, YA—BHEER, FA-2
JavF A NRIZOWTAKRTEMS 5T, E/MEET A2 ERED B, hid,
Kataoka-Ishii DA FIZBR ~KEZHIVEEBR -7V LY Y ROT—¥%H
WTRDLNTWAEDLEZONDS, LIt oT, 8%, ELRIEVWEGEFD
T=FNR—AZ2HWT, KNZBETILEXHLLEXLNE,

Kataoka and Ishii 1%, j," < 0.5 TX shii 12X % FU 7+ 79 v 7 AR
BHATELZL2IBHLTWAR, Zhid, 7— VADERR O REHI Y
WINSS B0 THELEEZLNE, 2D DL, UTORICE-T, A
WEHIFOSHEE T L CHEREL L E LN,

Vg\} = Vsj uni €XP(A ] ; )+ ng Katzoka&Ishii {1 —exp(4], ; )} (8)

PRI AR ,=051CB VW Texpd /) =05 L 2 B5E,S, 139 LREL SR,
Fig7 26 b%5 L HIXF) 7 VERERFHFEORL LFEIZED L, (6DEIC
WY 5, Chid, AOBRDOERF T, BREOBZEFMHENIIHNI B
DTHIEEZEZLNS, Fv—rV - F—Eal  MREOEE, 3 6HIRE6)(T)
PORONLEFRELDOAEVESC T VERIGERTES EELI LN,

3546(p, / )" N 2 D ©)

X, ROPLEEIIAEL Y I REVWERO MBS LTk, BERH
DHBPEFRTELVWILEZER TS, ROPLFESNLIBEREFIS A~
A, NI A, KOERIH LT, 8, 10BLT 40mm EFHETE S,
- RigQ i v A A ROEBREZ RO DMEBEE BB LD DERT,
FERTIE, T VOPNPES S 2 B3 T TERZIT o705, EBEICS 2
AMBRESIOBBIEETCR e ol FHr—YEIINTSEFY 7 FEE
ZHOWIZEA, BWRA FEZBWT, EEBEE I—HLTwEZ Ldbh
Bo
Fig.10 38 X UF Fig.11 & Saito 5B X U Baily 6P 0ERELZRL TV,
ZORPORA@) T @A ALLHEEFL RS R LTWE I eF¥bh b,
Fig.12 \[ZEERE L #HEE E OB ERT, K25, EEREIZIZIZ 30%LLAD
HET, FHTETWAEZ E%bhh 5,
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4.2.3. I HhTOEE

Fig13 iICF 7 VA~ EBRE L-HBOMBRZ R T, 73 <idEE Imm
DTNVIZTLAET, RE3H133mm TH 5, EERITWERE S H=20cm DA
DWTIT o7, ERFEB I UEHIFEIX, FY a1~ LOEREFKFTDH
%o

Fig.14 {2 2 KILKA FEGMO—BIERT, ¥ v <2 LOEBRLFER, Ik
BHBEWSEHEEOEBAIZE, EREBACB VT, BFE cFm) FA FEH
AmEmNAF M FHH) 1 LTI~ TH 255 SAHKEISEMT 2126
T B FROFIEERBETEIC x FAII 20— 2HBTEH X)Wk 5,
INBF I AR CORMEMEDTEINE ) ANPLDTADHRENE RO D7
DIETELDEEZ NS, 512, FI U< EEIcd E— 2 3R 275,
Chik, THZORAICL > TEHELAFRIZEZ25DTH S,
Figl5ICHEFI VA 7T 74 D oRDOT— VEHRA FE<o> LFHED
EPHEE) LOBRERT, HPb, FU U< RELABEIIBVTY,
Kataoka-Ishii DFIZ L AHEMEL B —H L TWA I L2505, ZhiZ, 2K
TARA FRGAPLI5P5 L1, ERBETCIIEEL LT, LS ORMHEE
BR300, JANEYT yHTOREBREFNEETIIZVWDIC, £t
BAICERKEOEZEPKE L, BERELTT-VERIINT AR TTFRTCE
bDEEZ NS,

4.2.4. HEIREEEHAIO /- & OEHUNLE |
FETIOFT T 741K o THLNIEREED—F % Fig.16 IR T,
BIEEREIX, 500fps TH Y, EHEEEOBEEIZVTRD 0.01s Th b,
INLOBRIIBT, BOBHFRIE, KEOHSHHHE, Bt L -
FIKIET 5, Shid, BICHB LD, PRETFR. ShkELES R X0
CHIRRH FI Y AR EOENLEER ETRE CREL, HLALDOERT
IKBERTAHEVIEEEFo TnAE D TH RN s L, BiFE % BET
T, Rige bV —YORNIHLBNES TH 25, BLERILREL ML
—TEHBICRENT A LIBOTHBETH L, S50, WHERELRD BB
213, MY OAEHETAUEND D, — iR, HESY OESEERE
FICC LI FU—HEBETZ I LIBZVAN, THEKBWTIE, Kiag
VIRHIZORETH B, £ T, WAHEEIMBTICHL - T, BEEH»S b
VR B HESLEL i 58,

TIT RBFRETE, Rk A A FERFHICAVW TRy —) ¥ 7% M L
— VBB T B I LIS Lo K A FERHIETH B2 7 — ) ¥ FEET
X, TR (DS TRIEATR) OATHESRASETEEL TS
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D, PV EECEEICRAROFEZHVS L PL—YEHEOKRA FERIZA
DEZE LB, Lo T, RFETIE. ZOREI, HEEE LW L-3ER
MBLT P —H2oHEE-THED 3 HOHEEPLKRL FREFHEL, K
4 FEOEELSH, it PL—H2HH L, SO/ ER»rH., KIBEE
EFL—HEEEERL, SOXSICLTELRS ML —TEB I URER
DB % Fig.16(b)B X ' Fig.16 ()T, Hhbbrd X2, Kae bbb —¥
PRIFICHEBTETEY, - Ayr— y 7ErBVRIE, Kig - ML —H D3
BRIBBIITZ B b ol B, UTORTTIE, 500fps OEEER
BETHONIGERBERZXTRIIL.

4.2.5. BHEEESHERT

BT VT X4

FEOMEICL Y ELN MLV EED L, DLTOWMEREREIZ1To 0
HUFIIF T T T 4 OERIE, —RCTHEATESNEGEEBEL CEE
DT T=, PTV (Particle Tracking Velocitmetry: #F-BHFE:) % L OFEN
ZEWEEDNRSE v, L7zFo T, FFETIE, BIF7L TV XA E LT, BE
MEEEFEATAI LIC LT, 7o, HEHBERE R, ZSHET AT, X
REHW, FHR RNy 7 T/ A X eELE, 8612, tHEZEHET
5 ER E EAERIR, ERIIZ 2020 ¥ 7 £ (2 2Tid 7X7mm BE)
TAF o 7ot EBEG IS THEERL S &/,

J(f G~ F g+ p, y+)-2)dV
-7V av f(e-gfav

R(p, )= (10)

T PIVFNLNITYZLZIE, 72 e VEBEOTVITY ALBHFEET 55,
Kifecik, 9, FHHRERIEOBEMZENE L THWEDT, BELRE Y
EVEEDT LT AL HWTHER2T o 72,

4.2.6. BRERES T ORISR

BREE 22 R4 FEASHEE X7 VR

Fig.17(a-1,2,3)iC . SAHD B 1 B j=1.7em/s 1I2B1T 5 BERR 4 FEPA 2,
Fig.17(b-1,2, )M EE S A OFHERN LR T HP b 55RICEF A FELAT
BHEZEREISTELTWAS I EDTbI L, 51T, Figl7(®-1,2,3)ZE 7 1 v
M EIFV, X7 MV RFEELLAD O %, Figl7(c-1,2,) R T, B» b,
RBRMPRIIC ERFEVE L TWwE I Edlbhad, QI T4 71 BED
HEXEENZ QML —HEBEFNTSTREVWI E@EFHZEATIIR N
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EQRBEBD T SREMZHENOEEIKEL R D72010, HYBOMEN
JMVEBATHWEIDEEZONS, TOH, —ROZEET 1 V¥ P
FAEILLY, FOBREBEBENS M EPHIBRTELZPIEIAETH DL, [iaF i
BHEEZMBELTWR I ExE 2N, BRHEAYZ PVERICZEE T 1L
FEBEHTADIESLIIRSPRELEL LN,

BER AR A FRSMENT b AEE

TIT TYFARHNGERAY MVERBRAY CEET 2B
MOLB BRI T H7-010, BEFHOAELT) 2 £I12 L7z, Fig.18(a-1,2,3)I2
R R A FERSA % Fig18(b-1,2,3) BRI D2 M VHERZ R T, FH
FFEIX, E25 0.1, 0.2, 0.5 #E(500fps T, £ 450, 100 B U 25080 TH 5,
ZOEPLbPE LI, WTROFHEBTL, K1 FEOBVWHRES T
FREAIFRZ Y, R TTHE NS Lo 2REREND 2 RITH 235
DRFEFVBRIFISFHITE T3, Fig18(c-1,23012 1%, BEFH~NZ b V#HEIZ
ZETANIRBRZHEL2DDERT, WTFROEEERICBW T, HERE
MIZ3~A BOWMPELTHE I b h b, T/, RERII S -V ERTHS
DT, FEIIIBVT, BHRRONE BT &% 5% 51 iZk 5 vas,
25 IR ULEEERIBORTVWEEELIONSE, 22T, To 2
SERRAIL, 0.1~05 LERETH LA, HEEHTAHRFIGU T, FYEEES
ZTCEHELZITHILENHLLELORS,

EAHBUE DA 1 BT SARF R o B2

Fig.19 iZ, j =29, 3.9 B LU 8.9em/s BT BFHITEH DR AL FRSM, N7
FUVRE, BIUER 74 NVIRBL RS M VEREERT. FHERRZ, »
THhH0SPHTHE, b, KMIEEIAEL 25, BAHOERICE 21
KENEL o TVBILNFbhb, 2RI, T4 FRIKEL2BL, B
A OBEARPMIRICREY . WKOEWER TOABEREASEETVEHD
LELOND, LHLERDS, j=89cs DIfE ., R THTLARKIHIT -
THEHRTWED, BAEOYBENI2E2 2 L REREERRTEIEVWI 2D
b, TN, HEOBF TIRBREOWMB TOTRERZPIRIER TRV
DEEZLND, 61T, FA FEHIKE 425 L RBRBADO IR
Bz, PU—HEEMNEL 2 Y, RIBEBOFEEEID 3 KTk
MHDHGBPREL 2572010, TAHEEEHOBREIKRE kD LEELION
%0
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5. SIMMER-I11 IC & 2 SHBELSE—ME 7 — L ORENE
5.1. BiAEE

5.1.1. SIMMER-111 DIFE

FEFTIC AV /2 SIMMER-IIT V2 2Ro0, 3 SRR, SMWERS . 41 7 —BER
DT FH & 2EIREOENEIF ST ER L FRNICE & S EEAREI O
BEI-FTHAHY, Zoa— FORGEHFHRIITS2NAREZELTWA LD
LE 75 ¥ MIB HBMERRHRENR 2 &% { OFFICHBICHITEETH 5,

RAENFEBORT DR TV T LG AFDM 2 — FRPOICES S - Lk
OEMRBTE ATy 7T KESWTBY, A7y 71 TEVHROBERER
DV —AE, BLEYPEORIT, BLIUEDHETHBRBEEEZHE LB, A7
T2~4 TEVHEDOEEEET S, Thbb, EAALLVEOEEZSEEL
TTIe 72720, $M 3 EEBORIICHE L CHBEN T LI ERMICELONS
THEHRARA T A BREATEXICRRAY DS 2 720, SIMMER-IT D EARERE
EFN, EBERBEKEFIVALICEEEN S 2 EEHOMAICELTES
NBERRHWLRLTWES,

SIMMER-II Tid, 7—AFIZH L TRIEH (Bubbly Flow), &t (Droplet
Flow) BL U, ZN6DMDOERG (Transition Flow) &9 & 3 BEOFHEIGE
7 (Flow Regime) 2SEFNMLENRTWE, ThH6D 3 b, RKiEHISH LTIEER
EERPBHROEE LPrETMEER TR, ThIIF LT, BEERLR
WA~ VOEBRTIE., SERICBYTAHEBERSEENREVES, v
v TREIEAPHER EN T B0, FIABIROEEET ETFNVILT B LEFS 5,

5.1.2. SIMMER-111 OEEHBITIREH

TR BEELRSE M T~ VOERER T SIMMER-II TEIFT 52
LIZL ), - FORYUMEMETT 528, B CI34FIC, SIMMER-II D HtfE
NEHTHV LR TWAREROESEZHREEIIEE LT3,

SIMMER-III Tl&, KD & ) L EHEFERNETHVTWA,

M+z V(PuV, ¥, )=, V- p+D, g
at meq
—K Vo +2, Ky ( Va=V, )+VM“
-

—Z Iy [H(rqq' W+ H(-I' )V, ] (12)
7
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ZOFRROEDOE 3 F/h o8 5 BIIZNFNEEN — AR, BAE—fHE
FOEHERXM|B LI THEBEELRTHTH S, /2. GADE 6 W|ITHEEL
WD) EERITIL Lo THRENIEHESLETEHTH S, TNHDI B,
Tk — AR OEE = IR K, 13

qu’ = Aqq' +qu‘ ( l/'-f—V;l ) (13)

TRENDH, FFR TR, WEOERMETICREBFIRT 2, wbOIKIE
LB ERNRE LTV AED, ERD A BIUBIERD LD 1Tk 5,

Aqq' :_3' @ im h and qu' :l D im pf C.D | (14)
2 o 8
CIT, ay, RNERS ) ORBRERZEL. G IREOENRHERT,

BE. 4 7 VEBRECHER SN TV SIMMER-II (ver. 2F) OEE)E7s#ans
BCIE. KIBOEHBRE C, 13 Ishii and Chawla 7SR E L 728885 70 B30z
Lo TRBENTWS, TOEFTNVTI, KT L FHBARO R WIEF %
RIS kﬁ% LTHEH, G ‘i'\’j(it'@%‘i LILTWa o

_4  [gdp |1+17.67 {f(@)}" i (s
CD—31~b p [ 18.67 1 () } , where f(a)=4+1 a(ﬂm] (15)

LA Ly 4 Tl E S CHBRELOSM AT — VTl SHRRAA X
BEI, * vy TROGKEATND & & FTHRALERD S B SR TV 0
T, SIMMER-I DEHERZRBHICBVTE, ZOREBROEELERT 2
BEBEH DB, Thid, SKIEHBROEIRD S F vy 7HRICERT 22 L0 -
THRRE G, DEFBIT S EFFHRENI P TH D,

ZIT, KBTI F v v TREBEOBHMBEEE LT

c, -dnegdpl-0 oo, - Y (16)
3 pevl ’ - -G

R 2o 727210, ¥, I Kataoka and Ishii 257 — VD F v v FIRFEICHET

HRRAGERT -2 b LICLTHELZFY 7 v EE R@T)E2IE() T
55,

— 14—
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B, AT T -V DKRIE Dy 1T 33.0mm T 2L HERTAIE DI
18.0 TH Y, M/ T A —F N, 13 1.01X10° TH 5
PEDESCLTEZONEF v v TIREBOEIUREL C, % SIMMER-I @
EHETRER K, THVAILIZX ), XD L) RETERTHEZTo 7

5.1.3. FEMGGREBIRT—X

BATISEABE 2 ATTERTITo 2 Thbb, T—IVORTEFHIZIIH
HRBHEOBEMTbNL VLD ERE L7,

R ACROBERE % Fig. 20 12T, BATERITE S 500mm, J& 100mm [ZFR%E
L7z SHECHEHERBOA vy v 2 TCHE Lz NV EBw, v D 1| HOEX
X 10mm & L, SOX10 BO LN ZHRELD., LVOKE SHPBITERIZS 2
HEBERRLDIZ, 1BOREE%E 25mm & LT 200X40 B0V EREL
RALRE L, BFEIIBR LB ATADABBETT - NVICE- BN
TVWABREPLEBL, BOMNPE S H3ERLEFACEY S 2 /2o HAITE
BRL R CARRRIEE (KAEDORMTEE) j, CHAREED PR 80mm DFEIEH, 5
—HRIEALZ L2 ME L, BELGEEREFLTHL, FRLEHOES
BRAKE., RREROFENIAKTE L AKEENFI L L7z,

F iz, 2R - BEEE R A FE<o> 2RO DIHFEITIE, T VADZEETY
KA FELHERBSHEPS 10PDBRTI CORTHETEYTAILIZL - TEK
Bz, T, HEZEAL IS T—VAOKRBE AR EEFTREIC RS
FTIKNI2BRBREPLEE /0L TH S,

B, By -2 L LT, BARKEOEBIGREEAVWTwLF VT
? SIMMER-III (ver. 2F) DEMTHER% Case 0, R(T)ICE o TH v v THRRIE
DIEPURE 570 U 72T R R % Casel £ § 5,

b.2. BRLEE

SIMMER-III XA BB ENOBEBRE2HENTA2 L2 EHNE LTS
W, 2— FORLEZRILT HHEICE,
OHBEDZEE M 2 2A P ELOREZEL

R H 5 WIREEY L EE
DRFZOWTEBRTEL L WIHIHELIFTLETH S, QI LTI, BRE
AA FESAOEBEMRMIIOVWTRE Lz, £/, QB LTI, =/ - HE
FEFRA FR<@> OV THITHER L EBRER OB EZTo 72,
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5.2.1. [ERFMILT KA FEE)

KEBROTREED L ITAHRK 05K E 25 L REBRISEHR» S *
Yy TRICERT BT TEL, T—NVAKBIT AR, FESHEFEBELE LD
WERBICRKECEBEHTAZ EPHERIN, BHRKEBL U2y v 7REHE
FPEHREI N2 DDHEITOVT SIMMER-IL CREMT L 7= BEkeRy 72 K 4 F=45746
DIFHEL % EERCH/A-THELESR L B L7,

Fig. 21 IZBFRRTA R S N/-356 (METEHSAERE j,=5.53 X 10°m/s)
NDEFER L Case 0 DFNER L OB TH S, M LERIZ SIT g (B0
30 7V —24) THRLNEEZRE L TROZBEENL R, FEGHELELT
BY.PEBIUVUTRIZIZNZN SIMMER-II CHET LKA FERHSHFEB LW
BREjDOFMERL TS, 7272 L, SIT ERFOEEZIX 130 HEOESEE
ZRLTWVE72D, ZOHPLREBOTRIRIZERTER VY, T/, BHERIC
BILTIETEZHB LEEAZ Osec & LTV AN, ERTIIHNISHEEEINEE
o THhoilETRE LD HTEBMORBIITE R\, 770, BE
BRIIH L TH B,

BHROFKEPBEINDEMETIE, Fig 21 IWRLAEX I ICRA FEOSH
SRR E EBICERICERE T2, 20BERDFHIKELLLWI EXERT
HERE S N72, Case 0 OFITHRTOEROERIIER SR, T4, BHEE
DAL RA FROGHOLELZIT T, BEEEDICEBHLTWI I L Bbd
277,

F ¥y TIREEDPHER SN2 E ( j,=6.62X10%m/s) DRA NERGAR & H#
L746R—A Fig. 22 ThH b, HOFERB LU TEIX Case | DFEIERERLTY
5o TMTREREVIHEICIIRA FESHEFEHFHE D ICEAICAE (RE
LTEY, EBRLBHOERIEENII—HLTVE I bbb, F/-, &
DIFH O IERER FMERE D 2B TH ) . EEWICD SIMMER-II
PRENLEEOBFEZEZERE LTSI EFHLP IR o, X612, K
A PR EBAORES T BT 5 &, BMHME j, 3R FERIAKE2ES
WG TR EMEDFERERL, 1 FIIEEALEEL ZWEERETIX
THEOWNEERLTVWEZ b b, CRIIRRBEOEHERHRIZL -
TRAOEABETHRMEO LARIER EN LD, HHIERDR (equation of
continuity) Z{7A:§7-OBERECTRENMER I ZbDEELLNS,

PlEo X 512, SIMMER-II i3 7" — VA DBEER 2 R A FERSAF 2 SH0ICE
HRILILHFTE, REANLZESHORBHICHL T BRERNICHEETESL S
EWbhroie,



JNC TY9400 2000-018

5.2.2. BILOKESHFBITERICEALITE

SIMMER-III % fi\W TERFOIF.LERZ T 256, B2E8), HELB X
UBEIE L2 B THEELREIEX T2 T RELR 62w T, FHEREZEHH
TAHLDITIRHERHWA Yy Va2 2BREL TV e RESTRIT L W, 72721,
BRELIENVORE ZPRBITERIIS L5 ZEBIIODVWTEESTIIRFT T A LE
BhHb,

Fig. 23 132V ?D 1 DO &3 2.5mm DIFA L 10mm DBEDBREFM LKA F
ROMB L PEHERFIF2RHBELZDOTH 5B, @EIBHRGEN RS
& (j,=553X10°m/s) @ Case 0 DIFHTHRTH Y, )T F v v 7RKIEHFH
NBHE (j,=6.62X10"m/s ) @ Case ] DFENHERERL TS, ThHDX
PH, EAVOKRESHPEELTLFS FRLBEMBEROKT 2 A EmIZE
HRIZEfLL T ni b, 7270, RELAENVOKRESILLZERS
BREDRFEPS, LVOREZS LD PSS LRFAWLENICE L TIIBHTE
BWZ EXRDLPDL, LPAL, VD 18 25mm DHAEB L 10mm D& T
Z2H - BRI L 7oA A FEE< o> DT LB L ER. @ TIRERLETR 00322
BLU0.0320 THoioo T2, TEHENEFN 0125 BLT0119 THo72, L
72h5 o T, (@) MWVTHOBEDL LVOKE IDERVIE< o> DRITFRERIIEY%
BEMETLEZTTHY, EVOKRESICRET 2 ZEHGHEEOERIZL T
BHENZWEFHZERLES 250D, 28 - BREFE LIRS FR2RD
BIBEITIZ, FORFMMGZHAOPBEBIIZIEALEZELELTbIVwEEDR
%, —H. SIMMER-III Tk, BRELZENOXE XIHrPH ST, [EFIKT
ROLEBATZHECERTAZ LI TE R, Zhid, SIMMER-II O:EH)
EXBEFNTIR 1| 20V VRICBIT 2 EEN L ERERHEZHo T E b
THb, LIDFoT, BN TEOLNRADIZENVHTEY LIRS FETHY,
Fig. 24 D(a)-(ii))B & FO}GEITR L7z LI TV ERBEL HHAZ (RELTH,
EVADFEL FOHFPRBREEROE I EIFTEL Y, Thid, HD()-(ii)
BIXUFO)-GEIRL7ZEIICRELRENVERELIGAEVRAETH D, 727210,
SHAEZRETELVAD DI, SIMMERIIIEEVORE EX<a> 2 ED
BRERIIEBELS A TWE VI TASBLERL TWa, $4bb, Fig 24(a)-
GNCBITAHEE A CETNAELLDERL FEZEY L 7213 (a)-Gil) D IR
A DEA FELIZIZEL . 0)-()PD B & (b)-GD)D B IZ oW T MK TH S &
Zibhb,

BEXY, FFETHY LT EBELREROFE. EVOKE SHFEN
BRICEZ A HBIIERNIIEZ 2L TH IwkEbhs, L2255 7T, BT
TREENVD 1 ADESZ 10mm ICERELLFFICOWTOAERT o
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5.2.3. SUBEREFHFRAS FE

SIMMER-II O EBI B E M TH W 5 K7 DEHRR O B4 H 4 EEMITR
BT BDIT, 2B - BHTHARA FFE< o> ICB L TH Case DFTFER L E
BREER L OB EIT o720 Fig 25 13< o >, LW P L - A TTEARIRAE 0
HBLRLI-DDTH A, '

Joe NS VIS Case 0 IZ L AT RPERERIIRIEVELRRLTSE Y,
Case | DFTERIIERERL VPPN WEERLTWS, ZOEKTIL,
TIATERPBERIR T 5 12010, BHREEOEIRE % F\w7: Case 0 257 D
EBRRIGEWEIL R oo bEZONE, Thbh, 41 T+ )LD SIMMER-II
DIFTFERIE, REELORBE_H7—-VI2BWTH, BHRKOSKENHELS
BEIERETH B,

=\ Jy REWVEE, Case 0 T2 B A1) VF O SIMMERIIIZ & o T
W72 BRI R A FR<o> BERED 2HEEEOREWVEZRLTEY,
Case 1 DEMFERIIEBRERISEVVEZRLTWS, ZOEBTIE Xy v 7k
TIAPRNE DT, BHRKIBOEIREE HV: 72 Case 0 OBMTRERITFIRI
W <EREBRFTMT AT LICR Y, ZOFR<a>, OETEROERERLD
REL o/t EZObND, T/, Case 1 13, F v v TREEDOIEVLBREEH
WITRBHOEBSEXHRZFML TV LD THYRBIEREE5 L TWS, &
B, RT)BEFIE, FOT—IVAD 2 RTTHREROHEFETINTVE DT,
% SIMMER-IIL ICHLARA TRITEIT) & BROMEL “EICEELTL
THIT LI BH, Case | DFTERFEBRERLIZLALEDO RV &R
5, AMMAEDEHT TR DBERBEOHRITEHERRIIG 2 2 BEIIH SV
EBbhs,

5.2.4, MRS E LFHHRS FE

BFE-AKRDL) b EEBELOZHBE TIIERPTTICE L kB L ERE
TETHEIARZ (Flow Regime) 78B40, BREKRTE—OFY 7 P HER%
BRATERL ALV IHEP D2, BEERORE-H - VOBALH
# 3 DB PR RO HET 2 WRENDH 5720, ZhizonT
M7 o7z,

Fig. 26 |¥ Case 1 IZD2W T~ VAOMEHEE S H, B L Lz & S 0Ze/ - B
FFRR A FR< o >, & WRTCAL L Z-WIE T EARE " & OBFRERL2S
DTHDo WBD72HIZERIERDIL LAY, ERTRHE < a>il525%
BREZETR LD o7, MPOMMICEEL TIiE6.2.5. THRT 5,
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Table 1 Physical properties of various liquids

Liquid Densit;y Surface Tension Viscosity
[kg/m’] [mN/m] [mPas]
Pb/Bi (473K) 10486 34.6 2.61
Gallium (353K) 6060 73.5 1.63
Silicone Oil (298K) 915.0 1.97 4.57
Water (290K) 998.9 7.32 1.08

Table 2 Summary of various experiments on pool void fraction

Reference Fluid Vessel diameter Dy [m]
Baily et al. (1956) Air-Water 0.153-0.610
N,-Water 0.04, 0.10, 0.15
Saito et al. (1998) N,-Gallium 0.10

N,-Silicone oil

0.04, 0.10, 0.15

This work (1999)

N,-Pb/Bi

0.33 (0.020x0.10)
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Fig.4 Original images obtained by high frame-rate neutron radiography

(frame rate: 500 frames/s).
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Fig. 21 Transition of void fraction and volumetric liquid flux
for ellipsoidal bubbly flow. (j,= 5.53 X10° m/s )
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Fig. 22 Transition of void fraction and volumetric liquid flux
for cap bubbly flow. (j, = 6.62 X107 m/s )
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Fig, 24 Effect of cell size and bubble radius on local void fractions.
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(2) pool flow regime map of original SIMMER- *
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{b) pool flow regime map proposed in this study

Fig. 30 Pool flow regime map.
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