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Research Work for Utilizing Technology of the Lead-Bismuth Eutectic
—Thermal-hydraulic Research Work —

(Collaboration Research Document)

Takaaki Sakai', Yasuhiro Enuma?, Yoshindo Souman’

Yoshihisa Nishi*, Tzumi Kinoshita*

ABSTRACT

In case of a tube rupture accident in a steam generator, large quantity of steam is expected to flow into
the primary cooling system in a Lead-Bismuth-Eutectic-cooled fast breeder reactor concept. Especially
in a natural circulation system, there is a flow reversal possibility by leaked steam upward flow, because
the steam generator is settled in a downward-flow region in the outer annulus of the reactor vessel.

In this collaboration research work, system analysis has been performed to evaluate the
thermal-hydraulics effect of the tube rapture accident. In addition, lifted flow rate by gas injection in the
Lead-Bismuth has been measured to confirm the applicability of existing void fraction correlations based
on the drift-flux model by Zuber-Findlay.

As a result, it was clarified.that the cooling capability is successfully maintained also in case of the
tube rapture accident, because the flow reversal is limited to only 1/8 sector of downward flow area due
to the tube support wall structure in the steam generator And also, the applicability of existing void

fraction correlations to Lead-Bismuth was confirmed by the gas injection experiment.

1) Thermal-Hydraulics Research Group, OEC, Japan Nuclear Cycle Development Institute (JNC) .

2) FBR System Design Group, OEC, INC. (Now in FBR Cycle Development Office, INC-Head Office.)
3) FBR System Design Group, OEC, INC.

Nuclear Energy Systéms Department, Komae Research Laboratory, Central Research Institute of Electric
Power Industry.
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F ¥ 2 RVEBD LBE WMEE EIITHE T 720, FbEB LBE BRI L. —4. S6 f2eF
¥ U RIVREEMNT %,

FOBRBOETIIN B%ETCOETTHD., FLBEENET LETISRESORS
BHICHETZIEETERL FLBOBEMEIREI NS, 2B, SC )V —JESICX b 11
PRICRFFEEEEILT %,

K —D R 5kg/ s D —ROBITEERER 2.4.5-4 2R T, SG V— 2 EHBEE L7 6
V—=0F % X )VEBD LBE RBEHSER DN, BELCOKTIE 11ke/ s Or—X LITF
FMRTH 20 FOLBHEROETIIN BUETOETTHD . FOPEEINET FET 2 215%

BEOREMCEET2IZLTRRL. FOBO®RIEIRESN S,

24.6. FLANDEIBADEE
2.4. 5 IHETO LBE WA BERERFICH T 2REEREE T 2. U TORETHEL~DKE

FTEAC XA RIGEEBRRT 5,

D) REE 1 AR OK Y — 2 i 11kgls,

2) JFLEHIA BATARRE Y D DR RRISEIZW 1.67 S /m3,

8) FLETOKES (1.72MPa OBIMAK L FKE) OHLERITHW 5.78kg/m?,

4) KV —IRBOFLADRHMERIZ. SGHEF v 2 VOSEEY 7HE (LER) Kk
DERRON 96% L3, WAMICEET 3 KEKEBAEE L 2 BRI BEELR A
FWELH L BB Lr b5, EREEROKN 5,51 més 2EICKRITT 2, 204, SG
HOPSFOAOETOTEED LBE O >R b )34 160m3 (% 1600t) <. &8



JNC TY9400 2003-012

BRI 298 TH Do (PO O TREREIIN 0.48m/s) Fiz. HFilBEEREIZH 1.25
TH %,
5) AN—HREHENT L BKY) — 7 BRHEBERIIRATRD %,
td = 76./Gs
FRE L. td: V=2t (s)
GekV—2 % (kgls)
H 83— H 2EREIZH 140 m3. 0.098MPa DFEH LR (MRHBEME) CbER
) — 2 KBIZA/N—H X EHEE 548K & L TH 76kgo

IR ENIT 11kgls DIFEW Ts L7125, (Hi 2.4.4 THTIX 10s LHEE)

G | AR OB, SCHHET ¥ 3VAOTERA REIZH0.95 TH D, AkEKDS
A A—H R E NS LB X SNB N, RKEBRIFLBICEAT 3L %25 L, Fi
BT OKESERITEAR 2.280° (= (11X1.2) /5.78) kb, EVMIRIGERM 3.88 L&
Bo WMIT, 1$2RBKY —IRIIHK2.8%e/s TH B0

o, #2.8%e/s ROV — 2 ETHNE. HFHICETOABEIFLBIBA L
LARE LT HEEBER ISUT LR, FEFHRECERERE. FFFERI S LTS
o |

D —2 S5 2.80ke/s BLEDEE. HN—H R EHEH OB 26s LLTFTH Y. 6
IO B AR AL & © OEEESRE 29 & b BV fEo T, SEDFOEICEET 28
NeHAREHETY =2 BRE L. BFFEERZ 5 LT3 L HTHEREELTHD. BB,
SABAEDHI 0. 02cm BLE DA, Bk LBE i O SIS 0. 180/s BE L HH b 15
SG #1004 5 I3 3 LBE dhic Ak & N2 KO FHEEE I, LBE THEE X DS RB L
5 S6 b SFOALDE TO FRBOEEREIX L5 20s LD AS R, V—rR4E
OB, FEFFERY S AL CORERBIEE BIAE A%,
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#2431 SGEHEWHEHET ¥ > XNVORER 2 A HRBSHEEE (LBE B4 BHARTEERF)

1KY —2E (kgls) 11 5.0 1.0 0.1
Gpg e kgls 2400 3300 2200 1600
LBE | Vig HERE m3/s 0.24 0.33 0.22 0.16
Je AR m/s 0.087 0.12 0.078 0.057
Vi | REHEEOO) m3/s 2.5 1.14 0.22 0.023
Voo | HEREMD) m3/s 28.2 12.8 2.56 0.26
| e | BEEEGD) m/s 0.89 0.40 0.078 8.1x 103
KER | Jgo | BREEEWM®WD) m/s 10.0 4.54 0.91 9.1x 102
o | RA RECAO) 0.91 0.78 0.50 0.12
a, | R RBEHO) 0.99 0.97 0.92 0.62
apay | RA REREEH) 0.95 0.88 0.71 0.37
s 2
Pele ke/tm-sd) | 749 137 60.9 32.2
A 2 kg/(m-s?) 3.46 0.72 0.027 | 2.85x10
Pe g 2508 | R57% | RI7W | R57W
70— VAV AV
A & v « 2
Pele kg/m-s?) | 749 137 60.9 32.2
e o, kg/(m-s?) 39.0 8.0 0.32 8.23x 107
Pa Jgn TOR% | X5V% | 257% | 2309
AT

*1: ERRBORREIL-6890kg/s TH 2,






JNC TY9400 2003-012

CRDM

E 2
wy ws
it «
] E = E
) Lf] %
- o L
My
g B
3
=4
Bs HOE 5
&% e
N mm. L. 3 T .
LR T R LA s et
27 D0 SRR R S R SRR | KR A . hd
P % S0P 0000 ppees s -
QPG O HOVRQOOP S0V, ..'*
vodPaan

andoaos

b}

R el .4......
P o00nb 0000080

Adopoonadaas. u

. I 3=
o ——— e, = =] '
X x) =t
e e 1
e e B R T ——————— - rx—— | o 23
e ¥ = e ST S e e  — 4
fo. “ﬁ.
3
—
o

Mt

~Yhaaqase

=
g

R
FRRRENT

da0h" dapt & o 6 da

/ Q.
A - P * N
T R e b e AT e T T aohd 06500 hasolo - M
R et et T e i O B R U R R 197 o
A A TR N O AL o R A - MY ST ST
M Y M ) ‘. AR PO CREY LREEES LR e

P

]

c.a...o.wm ) 0

=L
w#Toy s

"

GG&.MG.GQ-Q..

w g S5m
nig. g M

tpagodooae,:
e J ..n.......

FAF.
)i R

[ 2.1-1 LBE ¥AI S REBRFRTFEE (SEX)



lm.(m\|
~ P

o

=
ﬁ

%.&

/////////%%///uﬁ//////////////////%

\=, m../hm.

Sa Mﬂulhlh" m

i




JNC TY9400 2003-012

5
510° ¢ ! ! r :
4105 oo ................. ................. ...... e, ............... -
o I S » i é
:«? 310 ; e rrmennesemeeeee e —
2
R N . . .
B b, S, Lo Breemeesenninens SR -
L— . ——
1105 §------- S S PP ‘ ................. ,. ...... ............... ]
0 i L i i
0 1 2 3 4 5

B (sec)

B12.4.2-2 MR (KFESK) EAS (LBE B#HEAREERIE, 1lkeg/s)

-9.5 ] — , ,

o L | wE
----- AN R T
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E :
10 :
s :
-12 :
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13 i 1 [ i
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SR (sec)

X 2.4.2-3 KEBEKLAECATZIOREME (LBE HHBERBEF. 1ike/s)
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FoE (m/s)

0 b e st icn e it e b reuaecsrter s c e aep et a s it as e b aracenmcsamanacssbatmroumsomonnna o
Y S S SOOI SOOI e .
----- a1
~0.4 L i
0 1 2 3 4 5
B (sec)

X 2.4.2-4 SGHEMTF ¥ > 2NV OFHE (LBE BHEAREEIF. 11ke/s)

1.5 : k .

—— I

FE (m/s)

R (sec)

®2.4.2-5 FOEBREOVE (LBE BHEAEER. 11ke/s)
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10°

10*

10°

10*

Pyd;' kg/ms

10

0.1
1

|
10? 10 -1 10
pdi kg/ms’
Pos P - THEB L UBKNEE keg/m’
Jor J, D RBE L UMKOTHEE
: (superficial velocity) m/s

2.4.3-3 $HEE LFAROREERIRX
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3. LBE #&IM O Z RIS

3.1 HH

LBE % ERERF ORIF LRI BT 2 CAEHMIR OBREEE 2 M § 5 =»IZik, LBE &
OZMHRFHICHET2HMAPDEL RS, £, BRAERFERETIICBVT, BEZOAICLSH
RERAY FTR, FEFFESEPRRETI2BADSH D, B~y FETLELIhBEREESE2
28, KR TOFEAPBRE TN TN H 200, ZOHEIIBNWTH, LBE HOHREHIC
BysMAPEEL RS,

ZIT, IHETHRODZR LBE B0 2 HRZEBEICOVWT, REWERE2EZHBREEM L.
BERERATORY 7 MEEERDBILE2HNLT 2,

32 ZEEREKE

EREBEOMELZX 3.2- L IZRT . EBREEIL. 7 No.2. # No.3 ZA U THE RN —7 (1K 3.2-2
BAWE 1.67x10%0%/sec) IZEHEI N, ALCARADF vy—, RUA VIZZONV—T 5B CERT
%0 EBRIZ. # V0.2, # No.3 2. #No.4 2L L. HAEATADEREBOAEEBT LM TE
ML=
- HREFEFATZLREEHONEL 155.2mn TH B, THHBRERTOEARL 5, FEEHMARE
ARBEATH2AMBICLD 106.3mm, 69.3mm & ZB{EX VBT LB TE B, Kataoka 5UVZ, AOBCO R
V7 b7 29I AEFIVOBEIIBNT, FRTKIENER Dy'=30 TORDOKRK/NERXS LTS,
AEBROERBIIChEZEATZ L, REATADEEI G2 THARORLRESINS, ESED=H
REZORAIHEHATEZDPESPRITHTH D, CNETCOREITIHOFEAELRBR W Y
PHPFRINZITEE (~ B emBE) 5. Dl ed, 155.2m OEZTHNE. LEEONZEEIC
LB HARBHOBNVEFHMAETEDLEL TS, Z2 Tl BERE 155.2m TOEE® LD r—2X, &
% 106.3mm, EfX 69.3m TOEBREZNZNA M, D/ —X LIS, MEE TCOEXIL 1124m TH 3,
BRI, LEEHz2 LRT 5L, LK EER2RN. ER 53.5m O THREZHET L. FTHKEED
# No.4 Z2RBH U T LELREEHRAT S, LEAPFEROHRE A7 IZIFFEORORICHE 282,
COWEMEIX. EEKFEOHRBOLV ANVT—JIZL DHER LTV 3B,

KREEBR. 1 0RRICor N2 BERGSMNEL—Y—ICLh—EBEICEENS,

FERA FREAFRAOI NS S =Y RENEBRB IECLD SATHTCOEEEZRAET AL
WCEDKRDE HIDLIIZ, SAVERBLUOS A VEED LEAKEEOTHE»SFEHESERMIT L.
ZRZNOEBEORMICRY MEBELE. FRY MCBENEHBEEZHEL T3, Ry b EHEIHE
NIFERRAOBRONE NN T CEEZINTED, TRy PMEICIXEE A 7E2BE L. By MIEI UK
THLCHREL, AEOMBEEZZF v BV LTS, ZREBADHEZATIDF v — I OBIZIEHE
Ry O LEBEOMEEB L. REXTZADRY MIRELEZ L E2RERLE, Ry MO LEIZHMER
KT, RNy P AOHADOEEERFIEL T3, EBAFIZ, EHBEOHERY NIV Tick b4tn,
Ry PAZELIZHRERTATHEZLTWS,

HMEXAVIXOBERFERBIZHNEZZAWEREREETKDE, Zhid, RICREh3 L3112, FEk
FEICMBLY IRRCRZHABELZEZ, NHAHOTBOREZLREOHBED SHELEHTZE
ATHd. AR t—F—DBESANDPSHHEMBLUOEHAHOROREZER LU CEET 2,
C OESOMEIC X ZEE LRIZ, FEATEES X OFEHIC & 281084, RESHFHERUADBKEIZ L b
HEEh. ERANEREBTZILICLD, BEZ—EOHNFICREOILHTES,
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FEAHZE LTRERARZAN, / ANVHEBR EREET» 54 150m O & 23 CEELE. HX
BEAT B EICLDAN—HRE-DPMESND Z LORNVWESIZ, HRABHS A v & BT S5 Y
WRRIT T3, )

BERBREFARCIE. 20BN ZE—EICROLENH D, 2~ IKHEEOEGEE TL2ERDE
ERZRESE. TO%. 0.1Hz T | BB OEHAIZ M L /=.

PAE R RWEIIH 473K (200°C). HRAFWEIX 1.67x 100! /s~3.33X 1070’ /s THEZET o o

3.3 EERER
3.31 FHIRA FE

X3.3. -1 KESE 2 —DHADHZTR T AROBALERAC, RO Y () iZbTHicH
mu. TEOE—HA B) HMETT2Z 805D %, ByOHLTHROIME, SREXT I HIBEAL
TRV —T DV LT3 2 LIER LT\, SERA REIXTFRRORD»SFHE L

AP = aaveph - 'PIOSS (3—1)
2
_ s L u” y
f%”—lﬂ—am) ‘ngp (3-2)
A =0.3164Re™ "% (3-3)

CCTAREBRETHD. 3-3)RDTIIVTRDOREA N, K3.3.1-2 ITH BB L EF DB
BRETRT, ARMMBHLIEMT 2 &, ZEITIFITERIITHMT 3, LD r—XD ) XNV 2 EHOBEL
1EROBATERIASNERD D,

B3.3.1-3 I oy & J; DEARZ T Y o SEEDERTOT I PHBN L {ME>TNB I L dbR
%0 EBRTOD I, . J,BAWT Zuber-Findlay K X W BEINEZX S VHRORX oKD= a,,, HER
LTW3, £, 7—NVEETH DD, HBUKOBRER COHET—F»5 ) 7 MIEX 2B
T\ % Kataoka 50K, BRUBRAKEEE TENR L Lz Saito 50XV 22N 2h ERERICHE
BAUTKDE ay, 8SFITTR T, ERERIE. LB J, 0/hIWEE TR, Saito 5 RISEVVER TR
L. J, ORERFIRTIL Zuber-Findlay DR 5 VFORITEVVER T LTV 3, J, O S REHIL, S
JF—2OEFETH Y. MOBEETBNT, TOREBOEMTIX. Iuber-Findlay X5 ZHORD
R CEA2RRENH DI LoD B,

3.3.2 TERRE

3.3.2-1 CHERVRBREBETT. M&LD. HUHRHKETIE. Dy —XDBBHZELB/EL.
LD 7 —X CRERFEISR DRV,

iz, LD r—REBNT, JXNVE2EFTE LTH, BRERCELIRARP 22, 2hid. KiER
VTEHEREEZ DN, REHER ) ANVOEIZL s TEEINTOVRWI L 2R LTEY., LS
LB 2 yFOBFTRA FRFHBRICKEREADOEDRASLNRNI ED 5 B, LDy — X COFEFE
DPREEZEZTLTNELEZ SN,

B 3.3.2-212. Jy LIEHRA RFROBIHRZR T lHFIE. WThOERIIBNT S LAERRICH 3 b,
R LD r—R ClIRA REROWHNTAES J, OWIELDRNW L HBHD B,

INLDTF—F LD  RYTZ VIS v I RETFIVOREEHRE L -REEX 3.3.2-3 IR T2 L.



JNC TY9400 2003-012

B0, IUTOEEBTOTF—FE, KBS DEPRELBIALT AT EBE LW 2 HMEhi=7=
By FRULEDF—F TR ELOHTNS,

M7 4 wF4 0754 TR (FI RV 7 MEE) 0.4, HE (F15A—%) B1.1TH
%, Iuber-Findlay 5ORX S VHETNVTIX. FE RV 7 MEED 0.3~0.43, DS XA—F 8 1.2
THHIFERAEORTRENBZIEDBHEL PR, KRR TOTF—F ., FLRBICHRERTRAEE
BEICBITI2EEIS, HEAVYAEAOTHEEFNVERETZ22DIIE. 5 F—F2EFTA2
EHRETH DD, PR, K-EX. K-BIARTHFBI N luber-Findlay 50X 5 VHREF NI, B
EHOXERMERTR-BRRACONTY, BREATECHEILEERT S EBTEE,

3.4 F&

BEAYRZ2RELEES 1124m, ERORR 2 IBHEO LFER 2D ORREBETHICERI X%
FEAL, ZHERECET 2EKR2TWUTORBRER =,

(1) LREBEOWEEE L EMOZEIHAREOEME L HITEML, ZOEEBEEEICLEEST
Wize ERHRA ) ANE2RBIZLEL F—XOERIZ 1 ZROBELENB ORI, EF
PO RA RERZEHLE, ZOHER, BRO/MIVWEE, ERERIBICHIREOREWHE
18 ¢ Iuber-Findlay D X 5 VHRORNIEWEZ TR L. HARBOBL NI WHEIRT Saito( 5D
UNZFVMER R U o '

(@) RROERPS, FUT M7 v I REFIVORMEMIETME Lz, TORE. R, KK, Kk

-EEAR TR I N luber-Findlay 5D XS VHEEFNVIE, BEHLOASRIEITX-BERAIC
DNTH, BREATRTHIILERRT DL TER,
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Valve No.2
Measurement
part of flow rate

level of

Valve No.4 [

injection
nozzle

! Thermo-couple
| .

Gas I NHeater 1000
injection :
nozzle .155.2(1D.)

UNIT : mm

3.2-1 EERIEEHIRG

Expansion

Tank \

Electromagnetic
Flowmeter

‘ Electromégnetic
Pump

D" No.1 Valve

3.2-2 LBE V— 7 DS

Inner Cylinder



JNC TY9400 2003-012

SO — R T 0.2 e 1.2 107
v }?{igh elev%ation A ! High elev?non
) ! 0 " ..
0 [ A Loweevatlon 9
L 8107 S 0.2 | " 810" 2
E s T} TR w E
= =
8 §-0-4 g
Q 9
410% ;'l' @ -0.6 h‘h ) IM ~ oA 8l | N{ 410" %
Flow rate @ @
¥ S | ' S
0.8 | g -0,3 |
1 L T 1 010° 1 N IR IS Elowrate 0 10°
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