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A sodium cooled reactor is one of important candidates and has been investigated in the feasibility study
of FBR cycle. In the study, a compact reactor vessel was designed in order to reduce the construction cost.
However, the compact reactor vessel causes the higher velocity. In addition, there is a free surface in the
reactor vessel. Accordingly, the cover gas entrainment from the free surface in the reactor vessel is one of
the significant issues for the reactor design. It is required to clarify the criterion of gas entrainment at free
surface to qualify the tolerance of gas entrainment in the design. )

Tt was known that hydraulic phenomena inducing gas entrainment at the free surface could be categorized
into following three types, wave break, submerged flow, surface vortex. However, there was no clear
quantitative evaluation method and criteria regarding the onset condition of the gas entrainments by the
surface vortex. In the present study, some visualization experiments were performed in the water-air
system focusing on the gas entrainment by the surface vortex and its transient phenomena. The relationship
between circulation and length of gas core during transient phenomena of the gas entrainment were also
measured by the particle image velocimetry and visualization.

From the result of this study, the relationship between gas core length and probability of gas entrainment
was clarified, and it was found that there was time-delay between the increase of circulation and the increase
of gas core. ‘

Keywords: Gas Entrainment, Surface Vortex, Particle Image Velocimetry, Innovative Sodium Cooled Fast
Reactor. , '
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Effi UTe, HABEADOREFGEETARD D, KFEHEOFHFEZ EE L7, BTiABET
L ARALTRE AR SREOLTTHE CELEE, VABXALORETHWAALTEELFHE L
(iﬁ@x#kowfmzsrﬁfﬁ«é)*#wﬁéki6EX7J/xw%%%ﬁﬁﬁéﬁ%f‘
SNEERE 5 SR T BN e AB X IABDHEEEZITV, BAE LIZHEATT 10 SEOFHREHEl~
CRAT LTo, HABXALOHEL. SFRO[TIVPAWEFEEFBECHRIC X > THEL, B=7
H b EYA(B R THMREI AR YA X B 20T Imm L) DSEER U723 S W ARSI A LT & ]
WrL7-, BHEICEAHELRRIC, FUOAALET A DA T EANCTRORHEMIMRE L ER L7-, R
HIX. IBORETONDONAL— = o 2WET % BRI T, Fig. 2.3 1T REBREOR G I AE
TOT 7B L, Rkl 70 7L OMITEE#HESE 57200 (FL— 7 —3—)
AL, Ny 74 NEHAZIToT, '

Q) HA a7 SO

WA EABDHEFEEEET D LT, ﬁx%%%iﬁwﬁx:7§é%ﬂé &mﬁwfﬁ
ECohHLEEZLNDS, FI T, TABRXALRRERORMOBRT 2 EEE G TR A, BEEAHEIC
STHAaTREEEHTHZ LTI ST, ﬁx%%ﬁ&%iﬁwmﬁﬁanEé®%M%£m
L7, MBoFRIEEGL. AL 725 Case A lX 60 B, o> — A2 L CiX 30 B DO FHRIZ1T
7,

R D BLAGE B @ﬁﬂﬂﬂfiq%é@%®%%ﬁ%7ﬁkﬁ@ﬁ&H%@%H%%Kiofﬁ%b
7-. FREIC . BBEIC DWTH BABUTIC L B3y 7 T4 NREAZ AW, 7 A 71X ZE R E 648Pixel
X 482Pixel T H NI A G (T T Ly T A% NEEH L, FHIRRIIZ, ARBERICBV
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TRAETHMOER. HHRHFEEZZE LT, 20Hz T4 HBE Lz, £, ERIT REX AR
WRER L, HRLERR T RNITEANTAZ LICLOVNEET- T2, Zhicky, Y
HEEARTOK 40 BRI O H A B X AR BDEBZ PCIZE VAT, ARBREEBICRNTHEE LT
WB T ABRXIAHBBIIIEET TH Y . BBREHZ T ABXALPRET DEMECEE LI2RIET
HoTh, IEAMMIEREHEEERYIEST, TOD, IEABOTA2TEOFENL, T—4
DR ZHERT D BT, CEBEARBENERICE > THERENE (IEHEEH lom YLE) HEI1TH
WTCHRBXALOFEIZ L OTIER L, FIEDNSREEICEET HETIEFERTLHZ L & L,
Alal, SR U R O P (A S E OBRE) T 324X241mm THY | 1 BFEDH
70 DOKEZIZ02mm Thb, BERRT LBV M v 7 RFERTRWED, IREEE COERIC
L OEANRRD, WRETHRICEIK Z L2k o TRETAREN ST, FHIENETRaTESIC
KL T, 25%LUATH B,

2.2.2 &5 RIE R ER .

HABEXARIIEERERBRZTHY . FORFEIRRE, BEBELHTEBTI LT, T REX
AABREEFMT A ETEETHD, ARBRICBW T, TABRXIALFORFBIAIFEELZ I &N
T H7DI, AT RIET R a7 B CORESAO R R G %2 £ L,

(1) FAaT7ES LEESMORRZIEHRGE

A7 B CORESA & A 27 EIORBZFHANL, R EGRFEEFHREPIV]12]) & 25/
fRIBE 648Pixel X482Pixel DT PHNET A I A (T T Ly VT A ¥ N ERWREa T OW
RUL B EDED Z LI K > CEM Lz, PIVISEEMMOBHEAERFAIRETH U, TN OFE
DAFEED 2 ERHELFRIFETH D, <IEABICL DT ABZARL, WEFOBMPEET S
ZEICKORETHED, NEOMNGICTE LRWIEEMOFEIEE LY, EbIT, BETH
O ENIEEFHNCREIT 5720, SEHEITIERA FETHETCE A2 FRNER EE2OND, UL
FoBEENG, KEEANZBW TR A o 7 B B Co@EE LA OFENC PIV 3HEl 2@ H L7z, PIVIZ
L AMEGOFRIMEITEE T lom & Sem D 2WiEE Lz, — 5. TAaT7TE I 22EBE TR
ARALRRER & FREIS, HR T OT VENI A TREICL > THE LN ERER LY BEROEET 5 Z
LV EEI L,

Fig. 2.4 \ZFHAIBE OB OEE 2R 7, RBEOME LD L—F—2 K L, BBREO TN,
T UHINA AT Ko TIHRNICE T2 P U— R DOEBEZ IR TH Z LIk o T PIV 5l
f1olz, FHANCEER Lz L—¥—HIFiE Nd-YAG L—¥—EK : 5320m) Th 5, BRIT S -ififk
ORI DG E . ZERIAREEE 1008Pixel X 1018Pixel DF X IV AT L > TRE LT, K
 FEMBEIRE T 2 ERIL 88mm X 89mm & Uiz, BERY ML, EWVEFEHERE T2 Ko r—

—RLTEROT Z N L, BiRE L O EMHEBIMENHRO T, T & 72D 2 MORLFEIR DR
RIEREIE Sms & U7z, tHEFEEEALEL CIX. 1 B OEBF D, H D 24 X24Pixel DS FRAEIRIZRT L
T2 ¥ B OEE T CHBEENERME S 723 24 X24Pixel DfEKZ KD, FOBEEND L —H—
KFHOBEIENZEH L, EEEOBRRECE L 2 L CEHEEZEH LE, 207D, HENRY
MLV O ZERIFBEE L 2.1mm TH B, BB, HEY MHEROMBREIX., SRELOEFIZ 2Pixel
Gy DB D R, 20Pixel HIFE0.17mm) THE Lz, 7=, MESMOYV T o TRE (7
B & ROT BB OIGERR) i3 0.1s & Lz, —F, FA a7 OREYLEENL, BE8REIC LT,
VP —HHACT VANV ET A AT EEE L, KHOBIEIZ e R T4 MERXBELREE
B IkH)ZREB L. N7 74 NEATHEIZITo72, AIRILATOEZNVET A AT OBEAIX
140mm X 104mm & L72, X b RT A D3N, PIVEENCH LTI/ A XL B, FREZT
DBICIIBET DVENSH D, 2T, PIVOEHEIAD AT D7 L— A OFRRKEFRINICA hu R %E
BRI ED LT 2BEONENPLDOHER—D I A TRV AteZ & ZF5IE LT, Fig.2.51
EBEOFBEFCERA LzX A I F ¥ — MNeRT, PIVATVZNVI AT OEE T L—h EHFER
7 L— AR OREEEEZFIA LT, 30ms DEA M RT A % 1kHz TRAESHE, BHZITo,
UGk IE 2.2 TSR L M A a7 B S ORI L FRRIC, VAR IALIMHBER L, HELZRE
T RRUTEAAL, Y TEARD 38 BEIOT ABZALBOEBR L N L—F —ORFH
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BaFE L,

() BRI 2 LS COFEF | ,

B A XABFEROTIRAED L 50, BHERRE L-WEERELZ L — T —HEIC LA
AL LS T 588, [IBRRE COXROEKFPIEICRS, ZO0%56, SLEHCL D V—v
a I & o T, REME COERKFEZSCREBEBR NG ORI Tl KLY
— PN ERAC T A TICART B0, WA T OZARFERRTDERB DD, Z DT,
ARRCIL, b L—P BT e LCEBRFEMEA LT, PL—Y—0@RE, Pl ko
TEE L. FhE SRR EDOLEZHRT I L & Lz, —FH, BAROLV—F—HOWRIL, FF
EOWEDHERE, WNT BT ANE() vFTAAENL>TH Y b U, KRR X HHEL
REHZV—P—HAEROBERTHY, 74N Z X > Thy &b, bb—F—hFDh%E
Bl - LTIRT 5 2 ERTE B, BLEICE Y FECOROURMOREEMHI LT,

2. 3 REREH

2.3.1 AlR{LERBREH

(1) R TFOmiERBR M

Table 2.1 IS BR T OHUERBR ORBASM 2T, MAREILR > FHHHFEES D 0~40m’/h (K
f7 40cm DA . WAFEED 0~18.5cm/s) OFFH CREAE EME L7-, AR TIX, UABZIARIZ
KT BEEBRTE LT, AL, AFFEEE, FREEICOWTHRTFT 52 L & L, EALIZOW
Tit 40cm & 25cm D 2 &7 — RIZDOWTEM Uiz, KEF TR & FREFEILZ, ARBRIERE T3t
NENFEATEE L WAL R T 537 A—F2 L Z 2 CTRBEER LT, 7277 L, NRBRERE
TIRFR AT IR AR OB L > THIT 2 728, TRAFGE & BIALFOEIE 1 X 1 OXIET
NS OO, JISTICHEIBET S 2 LITHE R, £2 T, 221 HTRALLEBY, RBREERKT D
12 Y 7 o TITR A B BRIE & 0 ST 2 BB S AT RE 72 W IR 2 BN T A — & & L TRE LR E E
Wi L7z, 0T, KEWREDFMEFIITMATIEIC L > T2 352 & & Lz, TS
3em/s DL EICOWTRBR AT o 70 WEABFEHIZ DUV TR HIFDE % Table 2.1 [OREICEE LTz
ET, AR E IR T REBOFIIRY B SETe, £7o, KRIT 21.0~25.1°C OFPH THRER
% SEhE L7z, :

Q) H A a7 I OIS _
Table2.2 |2 H 2 a7 & S OFHAISM2RY, RBRBOWRMITIRAL 40cm & Uiz, Fiz, TAEX
ABDOEER T OERER O RE O, RAL 40cm TOH A B EIABRISESRM & FR BEHED
BIfE % Fig. 2.6 \ORT, B, VW RABXABFAELMOFEMIL 3HEUBRICRRD, =2 Tik. KFE
FHEFEE TREEOEMR., FAaT70ESICE2 2EEOHRELY B E L TRERE EE L7z,
B 7 OBEREBR O R., Case AB,CIIH ARERALNEETHEMHTHY ., Case D ITHAKE
ABREAE LRWEETH D, TABREIALFERRD 1 &M% Case A L L, ZOFRMGEHBRRE
LC. TR Z I S 47~ 55 % Case B, Case BIZH L C, TReHEHE & #ERs L DDy HIEHE 4 1
NS W74/ % Case D, Case D IZ% L C FEIME A M I E=4M% Case C & L7z, KiRIZ
14.8~16.3°C O CHREBR & FEhi L7,

232 PIV iREREH ,

(1) HRAa7EE EEESRORIREZFHHRISME

PIV & THCRER & LA R 7o 0 2% X A LR A B O FRE AR RIS % Table 2.3 ITRT, &
BRI DWEALIL 40em & LTz, Fio. T ABRX AL OEERTOHERBROBERE O, #’AL 40cm
TOHN AKX ARFEAELM & FRBREMOBMR% Fig. 2.6 IZ7R T, Case E I AR X IAHLNFEET
HEEIELETHY . 23.1(1)ED Case A LF—FMThH D, Case FIIN AEZALDBPFEALE LRVE
W& UCTRE L, KiRIE 18.3~19.7°C OFEFH THRER % Ehi L 7z,

_6_



JAEA-Research 2006-067

3. IR ES T COHREXAHRRIGE
Sk x UF AR TRNEC R AT B < ISR 2 X ALK L C. AT L ST A — X
BAURT 5720, WEO TR G £ LT, S48 — o LSRR L R DTS
R, ‘ :

31 HREEAHEERTFOITE

T A X IAFBDFEESRMOHIRIZIEL - T, BFRMRE 018 % B8 CYRl kMR )%
JEE D BIFPLTECIEA L, TR a7 b RARE £ TCOMWMDOEEZTHIL L, &5 b
E@%FQ3JKﬁTOﬁ%m!¢@EMﬁEE%Kmﬂofﬁh1wéo%HKJOTQW6h
TEWRB T A 2T DYEIRIN G, WARBEDAD E TEN > TV AEFPHERTE 5, RITHAL
BONDUT TiE, FIEAKREFAICHOTEY | Z0OBKE HEHB > TREICEFELTHNAE Z &R
R TE D, TAaT7BEGAHRBIZE L TORWEEIZB VTS, %0 b DITWARE £ Tl
LTERSTCWDIEERS DL Z LN D,

ARBIZB DT, 22 HTEAZBRBEFERIZE ST, [IERT A 27 0 6EEN T 51X
I, TRAaT7 NEERGALE E TRZE LRI T AR ZIALNIAE L LHE Lz, SEORH
{EERBR TII T A8 & IAR I RVEBERRF ORI E > T, REL 3ERAL N, LTIC&BED
EZEETT,

I A7 PEERIALE E THEETD
0 HRAaT7BREEALBEIZERE LRV A a7 Q&N LRIaNEERT 5
M RELETAaT7HRFCHREL, [IEPEFICRVEIND

Fig3.2 \ZRE I DA R a7 PNEBETOALRE £ CEET 2580 T A& X IAHLMORT 27T,
X, KT EREIC - CREIT 5%, WARBEICR LT, TREICRETDIZ E8EhoTz,
WA a7 %, Fig3.1 (R TROIR & FRICIKE I CIESREICHE L, Re B> T,
WA TR DT CARFITEVIREETHE L TWA Z b o 7o, WHARRIENBRREES . X
a7 PPGARE I BET D L EEAII T B IAB BT D LR R LT, — ., A2 7K
IAAENBZET HRIHEDO WAL OE S| R & & HIZRPIEE L, BRI AR X IAR
WD D T ABREAHLDMNRBICREDLIHELHD Z b ole, ZOHE, —ERPEELE
%O Y IR U RENCIRBERE L. AR EICEE L CH RBEABBRET DHENEN T,
Fig. 3.3 WHEBI DN ABRE AL ETT, HAaThbHOKRIAOBERIL, T A3 7T HARE LB
STREET, 1~3mm F2E O /NS WEBRORIBINEGHINC T A a7 in bR T 5 2 & Z2RERR L
“o ZDOFRETOHN ABERARIZE L TIE, #RICH » TRIALE £ TRIBNEET 2B ENE )
S7e, Fig3 4 ([T O T A BABIAEG & RT, HABRIAHLBMPEBHMIIBET HHEIT A2
TRREL, ERET AT O—ERRAE LTHETICBYEBESNAESL A b, ZDOFED
T ABEAICE UL, B L 7288 B HREICR Y BALF BB LW I LR ho Tz,
KRR TON B XA DOIAESM % Fig. 3.5 17T, HEEINCFEATCE, B A L i 2 B
S TEY ., @IEAL 40cm, ADENAL 25cm TOFHPRRZR LTS, BICRZEZBORY . K
R CIL, MAREITRARBEZRATCEBEE CEY LZL0THY | B ABFEE XA AT
BERGALEOWEE CEH L2bDThHD, REBEIBERMREFHICL - CEHIILTBY ., FHAEE
FOESE L UC, AR 3.0x107%m/s BAT ., BHALFEED 5.7x10%m/s LT Ch 5, HH DRI

U C RSN N H AR EALRAEMRTHH, SEIOBBRTIL, F—OMAFHEICH LT, H
- RBXIADFEEREDORGAKRGEE X 0 WA B TR 2 BN B 258101k, HABRE AP L TRAET
AT ENLOLNTE, . WMATENEINT AI1I2o T, VAZRXALIAEREOALFE BN
LTEY, ZoMmiL, RBREORMIZEL LT A b, WMLOKEMEICE L i, EiRise
THABEIAHLBPRAE LI WEABHESR SN TV B O, KEFEROKFEM & ik$ 5 & | AL
DIRIEMEDN /NS WRER & 7o T2, :
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32 HRAZESOFH

H A a7 E S OFHERER% Fig. 3.6-3.9 1R T, ¥ A2 7RI, AHIMIC K > TH DI TEFE
Bioxt L, EEAEIC L AREORLEITI Z LIk TEH L, BRI X2 ROt
Tk, RIEAEICBOCOBEARNKE BT D2 EE2FA Lz, AR L > THELAT
BRI LT A ADBRE[3]EITo 2%, FEZROREHEOAELHE L, Hbhi
BEEEARICRT L T LEWEEREL, LEWERBX ZEEARZF O RERBNE L ER LT,
RESHERIEREMNEN D, BENRRERDELEL, TORET AT OREEEE LT,
F 7o, RERER % (L7 B S CORENME Z BRI L, REMEG LR T A3 T FiRE T
DR A a7 B EEHE L, U ErEkEgICH L CEAL, BRI Rar RSz
L. HAa7 OrEEEREE, BEORTFEIEE Lz, fic, SHISh/z—2>—2DiRTOT A=
TREIODRKEZERTAaTRISEERE LT, :

Table 3.1 12 H 2 27 & & DEHEERER K A a7 EOEHE), 7 —AEHB SN 2§~ TOM
DHTRELEZELEESOEAT R aTE, < EHBOFHAEE (I v aNidh A% &AL EE)
%73, Case B & Case D & DHBN S, BWIRATOESMTIX, FAa7REIFEELICISED
HAaTNEL R AERNRD -7, FT-, Case A & Case B DHEHN & EWRIALFLHRSEMHTIX.
2 AT RELFETAEAN D 5T, Case AITK LT, HIOEAZFHEEANTIRaTEIEHE
Hi L. BBl S - OB 20 R a7 ESORKEOH % Fig. 3.6 ILRT, HAATHE
IR BITONTHRAEXALNPRAETIHENPKE L e HHEAPHEE Sz, Fig3.7, Fig. 3.81%
NZH. Case B, Case C TOH A AT EOHHETT, WTITDr —RZBNWTH, AT HRE
QI Bl oh. Case A & REIC VW ABR X ABNEATHHENRKE S RLEMIHER I N, £,
Case B Tl WOHRIEEICH LTOH ABXALEENE L RDERPHER SN, —77, Case
C TiE. HEHENH X a 72BN T b RIS R Sz, Case A TiX 1 EIBENS T AHEA
BT E ST D2 L, Case B Tit 5 BIBREICHEM LTz, & 51T, Case B TIIRIEBENIC L 2 0 X %&
XGABRTE T | HARAa T DNEBWALEICRET 5 U ABEIALD 30 BEIOFRIIS LT 4 =

WENT-, Figl.9 ik, SEDOEFHE Y —ADORERER —DORICE L DTRERTHDL, TA2TH
ELRETHICONT, VABRXAZRKELLT 2B ENDID, BAERFICEHL UL, &
EORBRTIIH AT ES 8com DL EDBEE, 100% H 2B X ALNBRAEL TNDZ LR SN
7272 L. Case C CHEME W T X a7zt LT, HABREALDRENHRINIZL DI, TAE
XABFAERBOT 22T ESICE LT, KEREOEENKE | KFEREL LHSE5GE,
AT REL R AEABR SN, BB, SEORRTIE, VABZRARFEMDOERRTA2T
EXOPTERLEND DI 3.60m Th Y. FAERORBREMENT CaseC ThH o7,

3.3 HRaOTRESEEEEHMORBEHAER

Fig3.10 {2 H A 37 & & & B o0 FIREHAl & 56 LI R 2 RRIICR T, AR AT T
22 7 RIERE OEIG, ZMIKE T lem TOWMED COREDMEERLTEY RO ENLT
IZHE o C 3 BEOERER LTS, MFOBEIL, —F LR LEREZ 0B & LIS O
Bo72EER 2Rt 0 RO REICEE &N, AOBRIIKEMELZ R L TEBY . EOERITPIV &
BB DB & A RT, FHEREOREBRSEM T Case E(Case A ERI—FE)TH Y | W ABIAHLNFE
+TAHEMETH D, ThbD, Fig 3.10 TV ABXALDOFKET HRMHICT, TABZRAHBNIEL
TR L CORERE R LT3, IBICRT 5 E 5 MiE & REOZEENICE LT, 0 BRI
HA AT REVEED BHETTH Y . WEEOFEIT/NE o lz, 3 %, MEAEOWEIIHRR LRV,
FOWBLIITL feolm, — . REOEFICEL X, 6 BRORTHTRAaTRENRHERE RS
THEY. IROEATEA A TEINEL R BRICH D, FEIC 9 BROKTIIRIE BT
AETNEOEEE RN DN D, TRbb, HAa T OREICES > CRFRTES R HHE
M3 52 L lbholn, HABZARISAERIT, OO E 5 miE I8 E 72T
BY . KHEEEBEO BETE)ICIE, WEETCEL L, 43 L BRI T 2 E T AE SRR &
o TN L RHERENT, < BERMOBRE®IL. <IEHRBFLEMITA2T LY, KA
WAy Lo T WA, BRI HERWEKE 25, E, V=P —IIEESMAKFOTHDL R
o CTAFH L TWAEED, BOEBROESIIT AT OELRY, L—F =B AFT L350
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O, FL—V—DEERTSICHETELRNI EnD, BX7 MARLWERE o TV D,

W ABEAHDIE L2 WGA ORIRFZIFHH % 6 U7 R % Fig.3.11 177, SRBREAEIX Case
FTHO, TDRAEBZARPBELRWSEHTHD, Fig 3.11 IX Case F OREBREMICIBNT, o H
WIELEL, DT NCKEBPRE LR T ABEZRABRIEL R T5E O R TH S, Fig.
3.10 & RIRRIC  ARNZ R E O T EANZIEE T lem TOMBED COERES M ER L TND, —T,
BRI DWW T, WORE, HERENEN -5, RO LD FICH)-o T 2.5 BEOREEEL T
LTW5, 0 BREOREICTE SN, AOBRIIKEMELZ TR L TEY, HOBERIL PIV 3N ®E
DERETRT, RPOREKIL, —F LR LENE 0B L LIzEE oMt 2EEchH 5, REk
WICBL Tk, HABXAARBEROKRFTH D0, BILEITIEFIT/NES, F, Fig3.10
T B & WMEABOWEN/NEINZ RS, —F, REAROTEIIT A B ZARKE, R
B ANTAR B PIORRENC ST o TN B BN R 5 vz, '
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4, EE
4.1 Burgers D€ /v
ﬁxn7EéLhiﬁ%%&ﬁﬁﬂ@%fwf&éBmwv&wmemiﬁtf%éném

o’ 4.1
gV

= 2T, I FREFOEAR., [XERE COMEER, g IXENIMEE, WIBEREZR L TH 5,
F. KITEETHY ., K=4389X10° TH 5D, TIhbbdd X o, FAa7ESTEE AR
N—TETH AL, THERAN L ERE COMBIEFLTND L ERLTND, ARBRTH
L LTFEEFOMCELTY, ﬂﬂ%f@ﬁanEé&%@oﬁéwﬂikbf TR E A
i L A TOBBROKESFIIWCER L TEEETo T,

ngKx

42 B ARG TOH A B EAS
(1) WO X DHERTDOEE

AERBRIEE CO N R GAIBITT 2RI L 2BEOBREN D, 3.1 HTHRRZEBD,
HAEXABDORAEREL LTCIE, 3 X —ICKHITE 5, BREI~IIIZOW T, Affkic LT
FER SN IBIEME O RES % Fig. 4.1~43 1T T, KT ABEALFBRBOBELLORFE A 7
— VA bR T, BFEOREBRITERL T\,

F3, BRI O ABRXKIALICE L TEET D, Eg41#6%6#ﬁi9 R I o
AT L CiE, < IERBATA LB T FEE L, BEIIC MWQ&ﬁLﬁLLTm5~¢ﬁb%\
WLATRE DD DIRE E TENER > TS EEZ L, TREER  EHMOBE D7 DO
KFLpoTNBHI EERLTND, :

ﬁb\f FERETL L RENL OO H A B X ALKICEA L TERT S, BRIIKHELTX, BAEh-&
PERITI > CSALE £ CREEET AHEANFEE TH o7z, X BIZ, Fig. 42 POERTEL LD
h\ﬁX%%@ﬁ@%%ﬁxz7iwﬁémfmé —F. FRIICE L Tk, [ERENICE -
TRIFEAEE TEE L THRBT 2% 6% <. Fig. 43 Tik ﬁﬁ&%kﬁx:?ﬁﬁﬁbfb<
BEAHHND, Thbb, AIEICE LTI TEREI RAICH O TR ST DITR L,
BFIWE L TiE, KIESSEE LB CERICRIEE BT X8 5 20 O FRERIEAHER STy
LVWHBOEH D, EBIT, 3.1 HTRAL LBV, BRI LFEINCOWTIE, TAREAALD
RAERRIC T A a7 OAMRBENR RO L, BEEIHT AT EERICA R a7 BRETH L
THABREABRIKELTHNEEWVWIBNNDH D, TA 27 IXEAAMOBT L COEIETICL -
THETALEZEZOND, T7hbb, BRI DT A EXARXCE LTk, WHERAIOMWIHEREINT
WADIZR LT, FEEIITOH A% X AR U CIEiEAEROmMAER) BHERE S T\ n & 2
bb, ULEL Y, EEI Tl A& & IAHLE S THFE & BAKER SLTW 2 oloxt L, FBREIL
Tk, FRE L EBSERSNLTWRVWEZZ LN D, Ziud, Burgers E7 AHRT L 51T, W(1E
BYDIFE L TRIREOEEN S EARmERE. MRS E70DFGTH LI 2R LTS,

Q) RESZME LT AT RIICHETHIEE

32 HTRARELBY, HRAaT7EIOHAOEEND, m$ﬁﬁ@ﬁﬂfﬁﬁ%m¢égﬁo
<, ﬁX37ﬂ@UL L 7 A A HER Ul-, BT, Fig3.s TRULEL I, MAREDOAZ
LR XGRS, VABRXIALRAEICNEL 2 DO IAATGEITE M 2EmA R o, BED
%%uﬂmimﬁ@&%%#%%#é&ﬁxﬁ%ﬁ&#m%éné ERHBMNIRoTEY,
AEORBR T, AESEFEEZBEMER I LIC kY, WEOBOERHEM LI &3, A&
ZABMRBE LT K o lbBERO—>TH D EEZLNDH, HMIC OV TS BRRTTT 2 HE
Nhb, 2O Lix, VAT LAREE L TOKFEFRFEEIGE T2 &5, Zfb%ﬁx%%ﬁﬁ
BAEIT 5D IR L ERLTWA, Burgers EFANLRRENS L 512, WABEOMEER
Q@Wﬁ@ﬁﬁX%%ﬁ#Kﬁbf\ﬁ%@iﬁ@%ﬁ%éb%x%hﬁ‘/XTA%ELT@%
SEE O BN AN R TR 2 FEBR OB T L b DR B> TN EE X HBD,

—J7. TVﬁﬁm%MLtﬁm\ﬁanEéﬁ@@%ﬁ<&é@m%Fg3ﬁ&Fg37®mﬁ
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WX o THERR LTz, RIFFIZ, TABXIAHLDEELLTKRDI L% Figds KLVMERLE, 772
Db, KEREE BRY AT LFE UTO TREEOBEIMI T 25 X AL %34 S8 5 5 1HI2/E
RZEERLTWS, BELD, QEBABICE 2N AEZAHBFILICE LTt FREREO M A
HHTHDLEEZLND, ,
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Table 2.1 4 A% &AL BR T OER RS LM

Case 4 &AL (mm) FEHIHE (cm/s) | TRAFGE (cm/s) | WHAZHTE (m/s)
Casel-1 250 6.00 6.00~29.6 0~1.8
Casel-2 250 8.96 8.96~29.6 0~1.8
Casel-3 250 12.0 12.0~29.6 0~1.8
Casel-4 250 15.0 - 15.0~29.6 0~1.8
Case2-1 400 3.01 3.01~18.5 0~1.8
Case2-2 400 6.02 6.02~18.5 0~1.8
Case2-3 400 8.98 8.98~18.5 0~1.8
Case2-4 400 11.6 11.6~18.5" 0~1.8
Table 2.2 H A 27 K X OFHIGME:

Case 4 WAL (mm) | PRHFEE (em/s) | TAGIE (cm/s) | WiABFEEE (m/s)
Case A 400 3.01 58 0.85

Case B 400 3.01 6.9 1.20

Case C 400 8.98 135 1.40

Case D 400 8.98 12.9 1.20

Table 2.3 A A% & AL E D FHSAT & H A =27 & S OFHUSM

Case % WAL (mm) PRHPEE (cm/s) | TEATRIE (cm/s) | BIAAGEE (m/s)
Case E 400 3.01 5.8 0.85

Case F 400 2.41 4.7 0.68

Table 3:1 AT EEDEY, JrRKHT A a7 EIEKRITHEZELZEA).

ERRi NI
Case 4. HAATREOYY | ERFA2T7EZ (mm) S
(mm) (RRNICHE LTSS
Case A 34.1 7805 60(6)
Case B 7100 300 30(16)
Case C 315 107 3003)
Case D 135 23 30

SOOI T A ZIARICE T2 b DO AR,



JAEA-Research 2006-067

___________________________

300
ot ] 450
5.'__1£o e - SEEEJ\EEE
A

PR RS

RVAKEE

i

Fig. 2.1 7 A% % A B ERERBEEE O

w
= [ 80A
L

ENF: SR Est

@ A IN—E—RUT
(7): BEE (RER)
(p): EHE

o €: 74

HAKRE RLATEE

Fig. 2.2 H A& EAHIEREAFIEE L — T



JAEA-Research 2006-067

<At Fik>

527

ok e o —-/

Fig. 2.3 AIMLABRE OB Bl E

Flash lump

Camera fpr
Visualization

(

Nd-YAG

Fig. 2.4 Wil Ai—H 2 a 7R v 7 4 v 7



JAEA-Research 2006-067

L—LJEE
Lt A
- 100msec
PIVAAS 33msec
P : :
. z7éuse< L
TREDAT L
ﬂ | 31msec
RO P
: : 35msec
ﬂ 30msec
JL—4t i iou—Lz2

Fig. 2.5 ¥t

W Hi— A A 27 FRFEHARF OB ED X A I 7 F v — b

1.8
1.6
1.4
1.2

HifE(m/s)

0.8
0.6
0.4
0.2

|

Ui

Aﬁﬂ%ﬁ

Fig. 2.6

0.05 0.1 0.15 0.2
s

A TR/ s)
W AT IABFAESM & BB OBfR



JAEA-Research 2006-067

Fig. 3.1 YeRHc X 2O AL (Table 2.2,Case A)
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