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Mechanical Energy Release and Fuel Fragmentation
in High Energy Deposition into Fuel under

a Reactivity Initiated Accident Condition
Takaharu TSURUTA*, Shinzo SAITO and Masa-—aki OCHIAI**

Department of Nuclear Safety Research,

Tokai Research Establishment, JAERI
(Received December 10, 1984)

The fuel fragmentation is one of important subjects to be studied,
since it is one of basic processes of molten fuel-coolant Interaction
(MFCI) and it has not yet been made clear enough. Accordingly, U0z
fuel fragmentation was studied in the NSRR experiments simulating a
reactivity initiated accident (RIA). As results of the experiments,
the distribution of the size of fuel fragments was obtained and the
mechanism of fuel fragmentation was discussed as described below.

It was revealed that the distribution was well displayed in the
form of logarithmic Rosin-Rammler's distribution law.

Tt was shown that the conversion ratio from thermal energy to
mechanical in the experiment was in inverse propotion to the volume-
surface mean diameter defined as a ratio of the total volume of fragments
to the total surface. Consequently, it was confirmed that the mean
diameter was proper as an index for the degree of the fuel fragmentatiom.

It was also pointed out that the Weber—type hydraulic instability
model for fragmentation was consistent with the experimental results.

The mechanism of the fuel fragmentation is understood as follows.

Cladding tube is ruptured due to the increase in rod pressure when fuel
is molten, and then molten fuel spouts threcugh the openings in the form
of jet. As a result of molten fuel spouting, fuel is fragmented by the

Weber-type of hydraulic instability. The model well explains the
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effects of experimental parameters as heat deposition, subcooling of
cooling water and capsule diameter, on the fuel fragmentation. Accord-
ing to the model, fuel fragments have to be spherical. There were many
spherical particles which had hollow and burst crack. This may be due
to internal burst during solidification process.

The items which should be studied further are also described in

the end of this report.
Keywords; Fuel Fragmentation, Molten Fuel-Coclant Interaction, Particle

Size Distribution, Mechanical Energy, High Energy Deposition,

Fuel Failure, RIA, NSRR
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—DRABECRESEME L LRBKFOREH AT T 2 HATO— D20 ERIGGRETE 5,
COBEEICH LT, BE SPERT—1®) © SNAPTRAN T B TRl MR % B E
Lz, BFHoMZEDASBEECEEAY LY S0 IERBERCE S, SMUEFFAE
AETRDIE, SAAERER L TERBEBRLME S8 2ER~EBITLL. COBDERIK
i3KE @ SPERT—-CDC Y 2 PBF 2B Y 255, HEO NSRR KW T, KIE
EHERSHETTOREBEOBEBEH LT LI WHEARBET L& bic, SHAEEREEBKL
THEMR T 2 ¥ — ORERFORT ¥ —h o KEHFEOBMN = F 0 F - ~Oi#ELH
~TEAO, CALOERTEOEET NS AE, BEHOBKFIMSEATO ZERIEZSAE
TR T 2 v FE —BSEE LTV ETH S, (BB L4 2R, HEERSE
KU THEIRA~DEE S BIENSTREICE 2 2 SR LB D, BE OB F (LB & #am
T F R S SEE LR ACEERLALDTH S,

BRVBESSEIM I N TERSBRZE T LSBT A v ¥ - 2RET 2HE L, B
L o IBEHIMIEEAER (Molten Fuel —Cocolant Interaction, AT MFCI &WE 4 3) &
Fref, gAY ofMBETEN, LMFBROFLEERKEKBTL—2D0ORESLT, —
BRHRRE DRNC IR SN T &, MFCIREOHLBEHNHEZLA oNTVLAEEIA05RNED
Wk TLHH IR L Ch, BE COMRN, ERNFRSLINZLDEFTVHAELLNTHD
N, FOEFNCERABSVHEBIIOS ZHF L - THHODBRBIRTH 5, F72, FEEIC
v 5 vE b A B O TR TR A a7 L 2ol {, BRISSRL SRR mE AR v
FoEER A E D o e

NSRR EBICEWTIL, T/, BN 2 0¥ - OIMESEERAT 0L L b, BEOH
BT BT 3 v E - EOEFREELR L, BT LoRE2mIR L T2 ok E oM ORE
BV TREOBE O AER L TEk, 20BNk as, BEOBKTLIZBA L3
BEASVASEESINDY, FREDAHLOSTHREIKDO S 77 - VEDGHIIK -t s &
HEhadd, SokZzoRRE, BREREF, shF, SAE ST, BRK-FicRals
N5 ERERDP-TOS, LLUAS, BRI L T EBRR EERNIGE C
fo 72 THAREICIZ 7S » T,

AWEDOBHEE, TE TICNSRR THHE LS RBAEER TE MK © & ov ¥ — 0k
BTALOBEREOF — 4 2 FHMICEIE L, BEEN A b L@ 4887 A -7 OB %
AN, HGESHEE T oo F{UEE2 Il ¢ 5L 1KH 5,
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ZN5 A -y b L EROMIC, BREHSIERORIAEZ 5 LDICEDRBTENIRICERD
— 7 A OREE (FOMOBEIER § TR - oA D) SRR ZNE L
WEHEAER L EER TS 2, FRERE L TECOVWTET 2 2 ThN, BE3BETHHORN R
BICESAB O TERSREAMAN Uik, B4 ETHH T/ EB AN §5 L Licd 5
HEAPNR CER TELD - BB LTRASBOFAE L L TREBICfAE TS &IT LI,

2. EBREAB L UERSM
2.1 EBRY¥E

2.1.1 NSRRoOH#EE

R ClER L7 BT AL S (NSRR @ Nuclear Safety Research Reactor )id
KEGA I TER s 7v 28 TRIGA—ACPR (Annular Core Pulse Reactor) %
R L bDTH b, EFHOBERFig 2 1RTEICRA I v 7 7= BT, FlidKk
9 mOEEKD 7 — VEICEE X, ARG 7 - ko BRI L - TITbh 4.
g BREE 2 cm OFBAAT L, S2RAHENECHALLER Y e R LICE
FLT AR ETH, ERALEEHLEEE 04 71y PREFLCHEE LTED, 0T
M Al - TEBRYOER, BH LEITS, 80, 4 7%y MEETIENERLTOERDRK
BHED A R U — 3 TR L, BT SRR LGDERBYAEBERTELANTESDT,
BAKESFTTOH Tk Bo T 5 EREIER ICHESR L CITABH-N S 5,

L OWE % Fig. 2 2 W0mR s, Fildhd O KB A EIr 149 KOBMERE & 6 AEDOFERELS
OO RORAEBIUIARD 7 vy v PELDHEEREN, FLOBRZNE3cm, AXE
X338 cn Th Bo PVREHIERA 36 cm, BHE S omd 20 %KY 7 v —KEfLIrva =
G L (U-21H ) 2AF YV AMTHEBLALLOT, REEVAETTEERITOWEETNS
BEBLENESIC, BETREROTF + v 7 %D, BEN Ly b EOHREFITR & (K
DEHUHT LN ST D,

SNV HOREEZ T VY .y FPEOBEIE ST A TIT I, b7 ¥ Y s v MEEERE
ST ER LY v v BB TET sh, RIGERBD TEHETRAING, 3FD
Py ULy MEOSE I DSk A EEATR TR 30T, IAOHGHICK - TERRATIY
F TOHEOMIGEARAT 5L LA TE 5, FTFEOHE,. NSRROGDACHIENE, 475
b, BEKCE I NAHEMOKEDRIBICLBREUBADT « — FN vy 7 G RITED A
MBI NE0T, P vy-y "BEOEBAKR LIS VARODIEIERSERTE S, Fig.23
CEE ARIGEE AT F vl 4 Bosv A 1 SR S OB EL AR T, - 173K 21000
MW, /<42 E#IE L 44 msee, SEOFEE L12msecTH D, BEAHITE 11T MWeseck -
T4, Table 2 LKNSRROFELAE S IUOHERETELHTRL IS
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EEAER L FRTH B, FREBA L ARKICODOTIIE 2 2 Th~, BISETHRHORFE
ATRESEBOTERBRZMAN Lk, F4ETHRNTBBEEMICRET 45 LIty 5,
HEARFRGER TELD -l LTRSHROBE L LTRBICAR TS LT L,

2. FEREEBL L OERSM
2.1 EBEE

2.1.1 NSRROHEE

FE R L 7 AT RS ZE (NSRR @ Nuclear Safety Research Reactor )id
KE GA T TERE S F v 245 TRIGA—ACPR (Annular Core Pulse Reactor) %
MELEbDOTH D, BFFOBEIFig 2 1ITRTEITAA I v 7« 77— VBT, fFLEK
P9 mDFEAKD T — VEIIIE S, AOBEOBENIR 7 - VKO BRRIIC X - TITHN %,
L T BN E 22 cm OERTLAE L, SBRAEANEIICHALLER Y MBI
BLC ARBEETS, ERTLEBESEES L0472y PEEFLERBLTEYD, 09
DA o TEBYOZN, FUE LAF5, e, # 72 PEEFIEFEML T ADK
BEDA b - 3 v IMELL, BT SALELGDERY AR LANTELDT,
EAREXETTON 7 eAEBOTT > EREIFE ICHEFBL TAZHEP S 5.

WO EE A Fig 2. 2 R d, St o EERFL T 149 ROBERE & 6 ROFARREL S
DIt AORAEBLVIRD M7 vy v bELDHEESN, FLOBRBN3cm, ¥R
H1238 am TH Bo POREHT ERA 36 cm, HAE 38 cm D 20 % BEY 7 - kERALT VT =
o (U—2tTy ) 227 vV AMTHRB L LD T, REUW Vv AREERICEREENS
BLABHNEIIT, WEBRERDT v 7 a2k, BEALy bEOMRATICKE R
DEHBIT LT D,

SNV HOREE T VY ey PEDEHEREIC K- TIT I b7 ¥ Y« ¥ MEREMZE
GTHEETAER MY » ) vy —BETEDSh, RUERBD THEETRASNG, 340
by UL hEOSE ] DK EER AN TE 20T, IAOHEHICL - TRARATEY
T TOHECRIGEZRAT S LB TE S, BETFOHE, NSRRO&DEFOGI#ENE, +4
bbb, BERICS I NAEEMOKEDRIBICLSRNEBED T « — ¥y 7% RIT I HIH
MBS NE0T, P vYsy "BOBRANL LIS VARDIEDERSERTE S, Fig. 23
W EE ARG 467 F T 3 A5 VA M SRS H A oM AR d . ¥ -2 HJ7ER 21,000
MW, #5002 EIE1E 44 msee, SEFEHE 1L12msecTH D, BAHIE 11T MWeseck 15 -
Tih, Table 2 LIENSRROFELS kB LUEREEZ T LOTRL I
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212 FEBhHTerb U

REHEEHAT AERS TG, BEEEROEIJERIC S TATHA S bOTHRINER
Ltwoth, EEMEARE LTEH LAxT Lo bo b L, Fig 24 dKEFSEH
FooEEf L ERATS OO R T2AT, AR 120mm, WikE S 800 mm O MBS T
5, BBEHE 075 v VB ESNAEFRR L - THO X DIt 72 v iR AN T H
Sh 3, Fig 24 TIRGEVKEREE OMTEEILIE 1655: 1 TH 545, T OHREEZ LD H
B T VI T L = ABIONI A A T VEBALEERSIT -, £, ¥ 77—
EORELF L0 EHEARRE EFCITHYERTE, A 7evAoERI(iLy —Xe—-5 -
ZE AL CHEIKEINESE L,
ERIBOAEAHICET AIHE L TR, REEREAE, BHABE 57w ESKE,
B o= HAER LUKBORS b DEES 0ME ST - fo. #EE ZREERREBERIESRD
WEEBEANLIATEETH 720, BER02~03mmOEE » A& oYY A BENOER
EWET EEICEEAR y MAEL TRRE Lo, BEKEE AECESREEIR ey -2 /e
AW TR BEGEFFERA LA, A7 VERCRBEIERICLORBET SENEZHETS
BOE TR, 27 h TR O S = H AR, KBO FRICKDIERFEESNEL N~ H 2D
FEHAEIET Db 0E AR 2, X5, CokEEO BR 2RI 5 it TRK
Fat A HE L. BTHEAKMIEFig 2 s tmd LT &M o4 v b ofRan b, 7
THICIZ A A RO PBESIAT A, B o4 VI3 THFNIC 6 mm BB T& & Hh 25 LT
BRTWE, T, BFoEMIc >N T a4 VRICEZEREEMSET 20T, BT OBENE
BB OB EERS ORD BT EHTE S,

2 13 sERKEE

Fig 2.6 ICiEE%, Fh Table22 FBEH%RT LS, HBBEE, MEKMEEKE IF
(PWRYTHER &N T HMEHE L EE L (Bffs b 0T, Eff 929 mm, &S 10mmdF
v 7 7B UQ, MLy AR 1072 mm, WE 062mmD Vi oA — 4BOBRBEEICH
Wi bDTH B, 1ot2l, NSRROBEMFELZSHH B cm TH D, D5 LOPWFERERSEN
FiH o rhs i TREN T B, HBRBEOEHRAES 135 mm & L, EROBIPREIDT
1,271 OFRRAE L, Lk L, ERICBEGRAEO P FRERICE LT ETARD O
FOAESMD B b5, FBEOMEIEETEE ( E TR TE -7 2K - 7ob Dicid -
Tnd, FREEBEICE, BEOBMEL U ZEEOTOICEVREE L5 A 5 BEPH H1DIT,
BB O BE E A 10% B LU 20% & Ui, ThUCLY, BHEE 10 %oslBaskhcon L Tids iR
450cal /g U0 T TORBEBASA L EMARETHYD, BRE0%DBBEMNVSL, &5
KCRAH B0 cal g U0 £ TOMH THWRABLWMEICHGA 5 &P TE B,

iy 7 OBREBZ, ARIZER, 0 MPad~ Y7 LA AEZHALLEDTHL, £/,
IMPa £ OIMELABEEBLURIE Lic L5 NEADE -7 HPE UL X ICEHRAHD
LT A R Iy ABEEOBERAERL, ThoBEB ORI,
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2.2 EBERH

Z 2 TINSRRTER LABRABERO Y5 A -5 20T 5 &, (1ERARRER, (i)W
HIZ — L, (i) BRIk 5 77 — VA E B, Co BN OBEK - E T A -5 L LT
EERIC T, BB BEE ISR kO BEEL It ERL T v WICHECED TV 2
= LENG T AR LI 0hY B SR G 2~y E L, KA TP T LR
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4. 60mm. S0mmé L, SSICPEIEmmDY =7 v &NATIBADEREE DS
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Table 2.1

Characteristics of N5RR

V' Reactor Type; Modified TRIGA-ACPR (Annular Core Pulse Reactor)

(2) Reactor Vessel; 3.5 wide) % 4.5m(10ng) x " {ceep) open pool

(3) Fuel;

Fuel type

Fuel enrichment

Clad material

Fuel diameter

Clad diameter

Length of fuel section
Number of fuel rods

tquivalent core diametsr

t4)  Control Rods;
Number
Type
Poison material

Rod drive

A\

——
o
—

Transient Rods;

Number
Type

Poison material

Rod drive

(6} Core Performance;

a) Steady state operation
Steady state power

b) Pulse operation
Max. peak power
Max. burst energy
Max. reactivity insertion
Min, period
Pulse width

Neutron life time

{7) Experiment Tube;

Inside diameter

12 wt% U-ZrH fuel
20 wr% U-235
Stainless steel
3.56cm

3.76cm 0.0

38cm

157 (inciuding 8 fuel-followered
control rods)

§2cm

8 (including 2 safety rods}
Fuel followered type
Natural B.C

Rack and pinion drive

2 fast transient rods and 1 adjustable
transient rod

Air followered type
92% enriched 8.C

Fast : Pneumatic
Adjustable : Rack and pinion & Preumatic -

300KW

21, 100MW

117MW-sec

3.4% sk (54.67)

1.17 msec

4.4 msec (1/2 peak power)

30 usec

22¢m
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Table 2.2 Test fuel design summary
U0, Pellets
Diameter 9.29 mm
Length 1CG mm
Density 95 ZTD
Enrichment 10,20 %
Shape Chamferred
Cladding
Material Zircaloy-d
Wall thickness 0.62 mm
Outer diameter 10.72 mm
Gap
Pellet-cladding 0.095 mm
Element
Qverall length 279 mm
Active fuel length 135 mm
Welght of fuel pellets 95.5 g
Number of pellets 14
Fill gas He
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Table 2.3 Test conditions
Para-— Energy Fuel Reactivit Capsule Coolant
mziir Test No. |deposition |enrichment aCtIVIYY ldiameter temperature
(cal/g-U0 ) (%) (%) (mm) (°c)
111-20B 388 10 4,02 120 20
joui
0 |
Bl 111-21 1 441 10 bbb " 20
Moo
u ©n
£§ 111-18 483 20 3,98 n 27
-l
111-31 527 20 4.18 T 21
o 111-33 433 10 4,30 60 27
— (4]
59 | 111-37 432 10 . 30 22
7.
“m | 111-35 428 10 " 16 23.
111-26 555 20 4.07 120 60
o B
&5 | 111-25 555 20 3.97 " 85
— 8
§ & | 111-44 423 10 4.16 " 60
wm
111-39 432 10 4.10 " 85
| w | 111-30% 522 20 4,18 120 20
3 B
2% | 111-46 422 10 £.30 " "
oo *%
= (3MPa)
*)  Without end-flux peak
®#) Initial pressure of fuel rod
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Hold -down device

}ﬂ -
Control rod drive
lw |iBridge .
ater leve] /
1 N mET—E

vertical loading tube

| ~

Offset loading tube ™|

.
‘ Experiment
Reactor pool xperime .
storage pit
Neutron detector
v Reactor cors Neutron

Core fusls

[T

- radiography room
S -
' Capsute — _
Core support

' : Experiment

‘ gripping device

Sub-pile room

— 1

Fig.2.1 General arrangement of NSRR

_..8__
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offset loading tube

Wide-raonge

log ch{FC) Pul h{fal
og (@ ®usec(b’)

® Sofety ch.
(FC)

Transient rod{3)

Instrumented
Fuel (3]

Regulating rod(6)

EE TR IR R I
++ + 4+ +

Sofety rod (2)

Safety ch. © © Pulse ch {¥#2)
(FC)

Fig.2.2 Operational core configulation

)

|&]
%25)(103 lizs g
NV

T 20x103} NVT =

& 100 o

: 3 &

o .
= 3

§10xfo = 50 §

o0 Q

; 5x10° F 25 Lxc.l

z L 2

0 >

0] 5 10 i5 20 25 =

Time (msec)

Fig.2.3 Reactor power and core energy release given by
$ 4.67 pulse
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3. BRI XL X — BB TR A

3.1 N7 EARAEESHE LT R/ILF —RRR

S A BB & - CHBSREIC SV RBBABA T 2 &, B ER L, AREOEERRIC
oo THRIRES LR UREE AR #8020k BER LRI # LTk e K
L, KESGEMNEZTL S, # 7 v AREKENSNE, BB B OKREHEELIZERA
BEMITEDRERT ONKENHEL S, COBOH 72 VNTOBREEHO 1 §l% Fig 3.1
WCRE TR ITEREIRE 1 A AR S S il L, AU AERELE T S, 0]
o OF REAR DE T O BITKRM ER LT ERIE L H - AEFHL T D, DR
SiiE L S0 msecEEO O CERMIAETTE Y, ToROMICKEO E AR LR 20 msec
WhEL, KERIFVF -PARICEESNA L0 5,

SEMD HF - EBOEEOWES Table 3.1 1KiRkd, T3 Table 23R L kFH NI 4 —
s EBTELERLAEE L -0T, 2FARAELSLIOBREBORRE, WERCHBEELRR
HE (1805 20RAESICLSEE) . BELILESVADE — 2748, A LRKET 5 vF
— B LA OR ORI T 0 F - AOERE, I SR IEEEBIEN U i T o RiE
AN HEL TR AR LTWw A, SR T bk ORI 34 « AR L IR ET CRr TR~
50T, LLTERZNEUADERIC>VTRET§4Z 4iICd 4,

MEE AT 5 2 TORBME S LCLOBOEEERREE (3, 77 2 VvRICEDHESHEL
U Fo ] 2 AR TR BN L A LT AETH 5. KPOEHEE 1200 msec & L THREHIL
MO T ENERICHLEEAF T TOEENSI00mm TH AL, HAENEEST L ETRE
025 msec US4, BOERIEISTI AR H oA 5 OB L ThmER DL LR,
Lipl, BRERHEA v HO®RGDTE L B0, BEBRRERORBBCEIZLOEENS
%4, Fig 3. 1105 L 10msec TH 500 cal g+ U0, DRBBEEZ AT 550205 GEHIC
LB EH0ca /gU0, (FREIZIZ 125 calg +UO0,) OEENADL 5, A HHERMERE T
WLTh, BEFHopMicHD, BEMHENELEDLIHBTH LS, BEEORMITIND
MBS dic L2 EEICSBENS ENAWEENES, LoLUES, WEROEREL

* iR Ll I ERANSRRER TOHRIC LB D TH A, CABRI HE T HERLLL /- H
ik AEEESR SR TS,

o COFR, BEROEDFRATOWNBILAERO - 72T 0HRBR (1130 0ERTH 55,
o FETELINLEEAEFIUEPERLTED, BUENFBEZRREL o TOADTHICL
=720

#*#x  SPERT—CDC %25 ©NSRR HE ¢ B IR L S W BB U EARBE S E . NSRRT
DEINEIBERESEB L 0 EF LT 0D, I, BRICAREREET SRKERERT
LOBMBICHLNT S, ChoDT LA SEERAEENERERL SSFLCDEERI T S,
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ARAMAEI DK S d B & SO BEOIRE A, WO UIKEREE RERE R BASEIHRRORE
EHRE (N-R MR EHBESATHETHD, BE LT ofchEIICT LI, Thickad,
BB T A - YR TRE LT 350 cal g UO, OFRMBE A S8 S TEEEEE L
THD, TOBROWBEEMEBERLIZ20CTHS 100C, HETHLL00CTTH- e TRICHL, +
Ty - VEAEZER L, BRAEREEHRORES, WEEEAMESSETLRL T A
W7y - VENED L AESICE, BRI ORARASARD SBOBEREEFDOLAE
(BT E, HOEURY 77 -~ VEORDLE ESKBEEXRE TORBRENE (L5 HItEE
EFEEBEN R LPIL LB IEPBELLTEAGCN L, TN LT E4 350 cal g UO;
VIFORBREBSEA SNBSS THEBIRIEL T, 20R0RRELNBENCHES
HEHB000°CIEL T L0505,

L AT, BRBEHERORKMICE L TER I~ ERERYS 5, Thid, Mo BEdR
MG RAB O -/ B H5 0L UV LOL THEHERORRE L HEEREGREICED
HUTHWALETHE, REBEOC — 7 5350 EE (Test N 111-30DTiE, €7 2E 558
DFEE (Test No 11 =3 L E~NTEEROHEERE - RAB L S H-T0 S, INE
HEBOBEN LR L TFOBENMEF T304 > CHELLH EB NS, EBIC, A
K%l 4 Test No 111-31 TlE/ SR E— 28 20msecTH » 72 b D Test No 11130 TR 3.3
msec FBL A -TWD, TOHITED CHBEBIERORREE A TAL L, BRENLERTH
FLTOARERBRBETEAESRO L THRICEADE -7 08555, oS TER RO
BRI L AT v v VHENE U TEVREBSADOF v » 7H 2 0H UA oh, ZoRick{#
BERICIOEUAZALE v THABERS O THREEINERRE L3 (854, RED
- MRS, F e v THRRBLEF AV AR L LT E B, FOSHE
O FRBEN, BBEERESLA L CHESET LIABBEEL DTS NS, oI,
MY HROBEHEICE VT, REDC -/ Bhs8EEohicl, RAROMRKICS L THREE
AW L, 20MoOEHBEIE - TOAb00RBO U0 BRI XTHAE~REY LTH
EVSEBREEO LS, BE K0 o FEEERT U LI ESEE LS 50 BT
L ANABEROOICHOEL LD 2 HHEL, RHEOERBESAEEHN L DEEZL S

WEODER LSRoBENER TS0 EEL 6N D, AR ERORKE LT, T~k
L BB OERIC L ARBEEDHLHICE v v T HRABMBERE S5 &0 2B O,
VO, B DESIENEZ o b, LpLass, BENTERTER 350cd g U0, 0XERED
EEHWHELTED, TOLEDUQ, DFE KT E0.05 MPa R ICR 9" KU O %) R 4R
Tx5, Ll, 20%BEBEHEOCESICE, ULy hOLENERBNAEEE 54,
BB 350 cal g UQ, 0l <Ly FORBORBEEX 0 cal g U0 KbFEL, 0
P EOAELT I3 30MPa L1257, UCOETASAILERCERT L TH A9, wIhicLT
4, NSRRERIZH I ASRAEATNBOBABEIAR ERICK - THEL, #0BOWRES
DFRNBMECLIC b E A LT Tt d 5. )

RITHERA) = 2L —~OIRBBIC OV TEREREEN LBHN T80T 2, & TR
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By v F — B £ B ENGRANTE . BEHOB BT 2 ¥ — pREKITE b » TRET
HEHH T 2 vE —icid, KBOEE A M -ExBLUMNBET ALY —Ep, AT ADHE
FIrLFE-—BEq, BoORATENODTELHNFE —Eg 13dHE, HRRICEDRET HH T
FUF = QD I ORI E 3oV E - OB

7m=(Ex+Ep+Ec+Es) Qi (3—-1)

TERSNEZD, EpREEENFNLED 5%, 05% & /NS CBATE S/120, BN 70
F G BIRATRDELEHETE 5,

77r11:(EK—FEC)//Q‘m : (3'2)

ERRIE 7, RIERIORKE LB, KROEHT 4 0F — E AEREELRBINCT 20 F —
Gl g PR NS B, Ex PRAE S DEEICE WTERK T F o0 - R ARG ¢
b

BT ERTHARBAE 7 4 s ERICB T AN T 2 vF —ERBEIE YV ADE
— il EbFig 3 2iclm Lk, Thicd 3&, Tx0¥ HBRFPIV/ARBEORME &
HILAKELH-TED, 388cal g-UDtHT 5 005% 45 527 cal /g UO BT 5047 %
AL THFRECEINAERLT0 S, 4, EAb% - TNl Twa o Lnbird, BRT
iZ Table 3 1 iR L&k o T TAUE O L RS RBEB OBINCHES - THS (- T B
CEh s, EAEBEAREBICEAL TO ALt 3 AF —infekimlcbolEbn s,
(Fig.3.2 icld, REGEEEEICY — 2 EEZH - LCBEE S ZUMES 30 MPa £TINE L72R
FHEAMH LB R R LTV 3, )

Table 3. 1R Lick 9k, REEEZ N7 4 —4 & LIERTE, 340~ 360cal /g-U0&
WALAERBRTRLIORINICBREAE L foow, BEM S TREBBIRES NLAE /NS
CHEBEEPIDED - fo, Uk, HEFOMEEE &M, BHERE L KEP-ITTHS S

Fig. 33, 23 AF BB IETH7T VR OREBAT LA DTH B, # 7 2E
DIINE LA - ThBEFRPNE - T b,

BEIARDY 77— VEOEEL Fig 5 410k, ChETORE T, 75 — vED 40
COHEXICT 7 VF—FEHRERFNICALEE SR TN, 20, FAFRREN LA T CER
DAEERLTERE LTARE Figd 4 DX St - 2o RdTs W THA 20% B %
BRALZSDT, BIAY 77 —EIEd 2B BREORBEs R 10 %REREEES LT
LEERTHD. CORRKBLTLRBBEREL IR LTREST, 20~30cal. g+ U0
BDESE B, ARO D5, EWEKES 20 COEDIF 527 cal /g- U0 & K<, fthik 555 cal ./
g UQ: DRBBTH-Fro T HLENLOHIB 20 TCOEDEF 44] cal U0 L¥icim <. 60°C,
85 CHF—#idFNFN 423cal, g UQs. 432cal g UC: DREETH -7, LD EPO,
H Ty —VEEH A0 C UREIKEA 60°C) D& XICEBBRRANCKELOTREL, 77—
B A0CELETE T D REUER BV, +7 2 BB WOTU TGS ETDEEED L
hil, SHRENRLT 260 EELRE, ToH Ty —VEORBDICMHED T A F - EROM
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g, T - AEINELHLEBRERTPECERECE LR T L5 0IERT 2K
EHIC L BT SN T OB L ENRBELRELER EEZONS, $, BEERDE
FTOBORVEDZELBMETELNNILS I ITTREINS,

3.2 NFESHOEML

NSRRER TiE, BEEZICENL BT ORI ZTVERSHAOE A N7 A &2RKHTH
*ﬁ?ft@ﬁfﬁ@ﬁtﬁ%ﬁv’C%f:iﬁi,(g)%ﬁn%b‘®'ﬂﬁfﬁ 74, 125, 250, 500, 1000, 2000. 4000
pm & BKE B TR BB 00, SETFoB%E 5 EEROERICA & n8E
BT LICHY, X0 ERETERERDSLBICE, 55 EOBEMEREDL Sl
D TVADRAENSLENS D, £, VHENIE - (AL TOHRAMPELDLTLHBH 5
Fown, HTOKE SAUREEEDATEAT, DHORBL AR IEERETE D5 4 -
5 GHEELBERESD B, TOHEICR, SREHERL L TH - SUEETH T EHEL S
n, bZF7 5 v MBI AERDT « —FEAr v v OBREIEE L EONFIcEB 0T B ol
wANRTEY, AL ORHINHRIE ST,

W, FEORFEd LD REVCEFOEESEE LT RBRBETE ML RA), BEOMAEE
(MRFEERE % {(dEERT &, HERKRCEEFEILS 5,

“dR@D=f(d") dd" (3-3)
E-T, BTEd BLU d. offlick 3FEIER,
d
R(d,) - R (ds)= ——f(d"dd’ (3-4)

da
LB,

f(d) oMERELTH, ZoLHBHRICH LTRABVONEHER RO FREILES
Rosin — Rammler 237 (LLF, Xf#F R Rosin— Rammler 437 # 5 WIZBEIC R osin —
Rammler 73 &TF5, ) R i,

%140 K Rosin—~ Rammler /4 T, ZREE 9HM KA EESHBERIIRDL 5ITE5,

log d 5

R (log d)= 1—~W= exp {—( =) } (3-5)
log d
: dW d—1 log d
1 = = — l d . —(—
f (log dJ d (log d) (logd)a (log d) exp { <10gd)}
{(3—-6)
dn 8 3 log d 5
—_—— = — 1 d — —
dClog O (log D)0 "1 (1-3,0) 108 Texp =G
(3—73

CCTHELTEPRAFNLLLOE, BARSHEN(3-7) 3, K2~ THERE SECE L
FBGORTHD, FRICRDPEORFLEET AL L5, RTHEBREDVEA ZTL1KR5,
Fig.35~Fig. 3 T3, FNFNRBE T A -4 KR, 17w MR 54 s ERBB LU
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Th o LENS A~ S ERTELBERBEEE A0 F - ¥ E L, ZHiC Rosin— Rammler 43
FHIABEA L TRkH S hMERE e 2 hE8 L b0 Th b, W TNOMEB0THRET -7 &
BirE{—F LTEYD, Rosin— Rammler ©AHElIc L &R EREZOBER FES M E
BUERTEL &b -1, 1, Table 32 KEERICKIARNFRE Y52 -5 d &0
N A -5 dDEETRLTE
WICTESRIC D0 T, BT, &AEH, - FR, A VT VB ESSHY, Rosin —

Rammler A BOTER LR AT A -5 dMH—DOFLEEL L TEASNEY, INLDYF
EIERSEEREEAE L TOAL, BREOME MLeR T, TOBH LB HNET
BRI EREE TR TH CLREBREROTHEOT, BEHL DI FEEERDT
BT Hind Do BT A LF - FAEOHSE N, SMEOMK T, B—EEOBENT LTR
EH TAUNS {5 5 R EF0EER, THDOLRIKEDREGEARS R0, Sl
AAREIC T A0 b 5, (RS ZEROLE L TRATER SN RHBE VR L2 M7 5
L, MR TF{OES LEBRNT A VF - ~OERBEOBHRFBEL P (UL,

T, - 224 (3-8)
2 3nd?
Rosin— Rammler 53 Tl SO E A2 0 B EE L,
_ ) o -3 -3
(log )77 = Qog T)VPr (T == 1,/ 1 (5 =4 D) (2-9
TEDLEINZOT, KERKEEETEp=29q=3 &L T,
_ . 1
(log d3z2 = (log d)/f(l-*g) (3—10)

TRHONA,
Table 3 1 AT ERTRO 7 ATEEAZROBEER LTV S,

3.3 IRILFHGBELHTEORRE

Rosin—Rammler 53412 EE L Tk Tod 8l 4+ 2R TEah%, REE,
T AR, B T —LEDRN T A - S REC LI Fig 38 ~Fig. 3 i0iITmRT .,
Fip.3 8 OFEBEA/ T 4~ 5 & LLEBRTORTRAMICEL TR, 388cal g U0 EE
DEVRAR THAX TN TRICAOTFOILEEF b 2OTRE G HF IR A - T Hhs, FER
BEoRINc N TIIAL DA IVRFEALBEL, 200AENSVRFEA LEEELT
THY, RABOEME & SICEKTPEATVACERB b b, £/, 500cal/gUO:
EEOARBICHS LN TRESHICEIBEASUERAONLELL0, BT tDEERS
BEETFLTOROWIEMbh 5, # 7w EE/T A -5 L LS SONFREAMIEATFIg 39
Wik Lic &9, 7w BRGNS L BITHE » THTAEPRE R FREANLIER - TED, 7
T VEANE LRI DR TR TR E N TV S, BEHKY 77 - EE T A -5 L
U EBoR PR AL, Fig.3 1010 20 REEREELZ B0 ThERNSVWERBEERA LS
BOEDETR L, 477 — VENS CTE 40 COBESORFRATICEIRNEHLERS ST
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B, THGEFT I —NENISCTOBRORFESGELETEE, ¥77 —LEOREDICE - T
MR LSS N TV AT Eh5hh 5, BHORTFESRET ZVEER L LTEALFIEFR
B L BT A v R ROBREH NS DI, K54 - EBOBRA ORI
7Fay bLTH. TNHFigdllThb, RhoOMRREAE 7 2 -y EBOF 57T, ¥
HENEOEEERFEIREL-TED, Lbrb, INOo0F— 7R/ _FEEZERALT
oAb OBEFEOE SR~ 1 578> Th 0, #Mey T 2 ovF — iz 3 RTRE 2 i 5]
TARCEMEODIRE -1, T, AVCDHEENEFWAT €V, 77 BRI T £ -4
FLitEOF—4 T, xHNEIBHAES IMPalcETNELAERO T -5 TH 5., HEREY
G4~ EREFEOEBHERLCLTE, AERTARE T F v F — kiR LEEVER ZR
LTHD, =ia¥ —GEHEEEELEEOBRICZERAT 260 EBbN G,
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Table 3.1 Qutline of test results
Enex:-gj,:r Cladding Mechanical | Average
deposition surface Peak .
energy diameter
(cal/g-U03) | temperature| Wwater g £
Test No at pressure converston ©
' ratio fragments
Total at ! rod rupture Pp " 332
rupture! Ter o
Qe Qr (°c) (MPa) (%) (um)
111-20B{ 388 350 100 — 0.050 1545
=
o i :
B | 111-21 | 441 | 363 | 20 0.38 0.150 655
g ] | ;
a i :
£ 2| 111-18 | 483 . 343 | 207400 1.10 0.400 221
@ 5 !
= !
111-31 | 527 362 20~100 1.56 0,470 191
j
o w | 111-33 | 433 374 80 0.13 0.023 1488
—~ U
=] o
@ ¢ 11137 | 432 | 387 | 1300i50 | 1.52 0.020 2040
g © '
o
© | 111-35 428 387 100105 1.52 0.012 5513
111-26 555 409 250450 2.15 6,750 157
&0
=
gﬂ 111-25 535 431 80v 90 7.90 0.450 427
=3
8 8| 11144 | 423 | 370 157 0.57 0.082 1426
o}
[#2]

111-39 | 432 388 1801220 0.24 0.030 1130
= 5| 111-30 | 522 | 416 1000700 | 4.45 0.360 -
(SR
2 5| 111-46 | 422 | 348 350 4.30 1.300 80




Table 3.2

JAERI —M 84 — 235

function

Parameters of Rosin-Rammler

(a) Energy deposition parameter tests

d 8
111-20B 2884 8.60
111-21 1445 6.30
©111-18 537 5.12
111-31 575 4,23

(b) Capsule diameter parameter tests

d 8
111-33 3090 7.00
111-37 5495 5.88
111-35 21877 4,95

(c) Coolant subcooling parameter tests

d 8
111-26 562 3.70
111-25 1000 5.40
111-44 2742 7.80
111-39 2188 7.90
(d) Miscellaneous tests
d 8
111-46 173 4.77
1206 4875 8.90
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g; Subcooling ATsyy = 80 C

2
Q
E= O 388 cal/g UGz
TE 40 & 441 cal/g-U02 ]
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'-;93 g Rosin - Rammler distribution
| T VY
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i 5 10 50 100 500 1000 5000 10000
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Fig.3.5 Particle size distribution in the energy deposition parameter tests

__ 106 2
5 8
[+B] 1y
2 £ goL Energy Deposition 428~441 cal/g-U02
2 ‘% Subcooling ATsub =280 C
g B
Q "-: 60 Capsule Diameter
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5= 40 A 60 mm
< & o 30mm
S - 20k X 16mm
"é‘ ‘J% — Rosin-Rammler distribetion
= 0 Lol Lol o taeuld R e
i 5 10 50 100 500 1000 5000 10000

Particte diameter (pm)

Fig.3.6  Particle size distribution in the capsule diameter parameter tests
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Fraction of particles of diameter

_ 100
&
=
52 80f —
3 Energy Deposifion
S eo 57, 555¢lg-U0, -
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..'C? 40+ O ATsub=80 °C _
k= A 40 °C
20k O | 15 °C | | 1
‘é’, —— Rasin—~Remmler distribution
= O T RN | 11!11!1! ! AR ENETy — |

5 10 50 100 500 1000 5000 10000

Y

Particte diometer {pm)

rig.3.7 Particle size distribution in the coolant subcooling parameter fests

120
QUE 100 Capsule Dia. D =120 mm 388cal/g-UO2 |
Fio Subcooling  ATsub==80°C a41¢al/g.yo,
i~ 8ot ]
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1

Mass distribution density (
S
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5 10 50 100 500 1000 5000 10000
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O

Fig.3.8 Mass distribution of fragments in the energy deposition
_ parameter tests
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rig.3.10 Mass distribution of fragments in the coolant subcooling

parameter tests
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Fig. 3.11 Relation between mechanical energy conversion

ratio and average particle diameter
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4. PREMECRT{LEERE

41 GEEOMBT{LEBEETIL

RESE DR T e 5 T RS EERE D LOAE VIR TH B, Cronenberg &%
DERABEICYT S EROADRAINE NS

(1) ORI L HMNTL
(2) [E e & B#n-11L

I~

(4) WERmAIC L 58K Tk
(5) [EtEEoBIL i & B EE 1L

FohTERENLSOEBBEICHENT LT LITT 4.
(1) #ERECFHRICE 2L

feHp L d o & LT Fauske WDBREENIRET Fuhd 5, il HEURE SIS L
HUE B L - B O s R EIRE A ARV o B CFBRE A 2 2720 O XTSI RRIC XD ik
BB TALT B & VWA EFATHESL, COEML, BREDF»E7 ) —RItE S AT T
o) SRR ORE w4 7 3 .y FOBAY) B0 z0B® s
Tk AR AL ER S B,
(2) EFTH i &AMk

it Board F kA F 2 -V avEFALLTHALATVAEDT, FUH—LT
7 FF i ATERL IR LA EIH th - A R LB B TR U, O RAE U AR5
FhmAKEL S 72— a YPICE{TIEE 0D B 7,
(3) R JTEERSR I XA (L

BB & 59, ARV & SEIM & R ICE O BRI ZERIC L0
KL ELET 6D THL, Zohicd, BESREEACHES C & THRTF{LPES &
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Fig. 4.4 Flow chart of fuel fragmentation process
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Fig.4.7 Particle size distribution of fragments in the high energy depcsition
test with pre - pressurized fuel rod

Capsule Diometér
#16 30 @60 &120

10000}~ 1 | | I
g
= 5000} .
| <
2 000} -
= Energy Deposition
g 001 428 ~441 cal /g-U0y l
@ Subcooling ATgyp = 80°C
<I

100 — '

1 5 0 50 100
Distance from fuel rod to capsule wail {mm)

rig.4.8 Effect of the capsule diameter on fuel
fragmentation



JAERI — M 84— 235

158} buijoos
-qns mOT 8y} ur s31o1}nd oopayds

UB}ow-8du0 10 118ys 8y} Jo SSauyaIy| or*p-Bra

(wrf) Jsjawp|p 9]o13ind 10o1sydg

00001 000S 000 00§ 00! 06 9_
T ﬂ T I T

l
Uomﬁn n:w._.c o w
- wwQz|=(Q 15 « 3
20N -b/00 GGG o1 & &
g =
— <
= (4]
2 =
- 106 = @
=2

— ool @

=

2

006§

159} Ja}awpipd uorjisodsp
£Blaus ayl ul sajoijnd Jooitayds

U9}JOW-3ouUo0 4O 118YS 8y} JO SSauNdY| 679 bTa

(wif) 18jswolp 8121ja0d 1021IBYdS
000010005 OO0I 00 00! 0§ 0l

20N -b/pn 128

0¢
—00!

0s
001

0¢
00!

(wr') 9191}4pd 10J1IBYdS JO J]9YS BY} JO SSBUXDIY)



JAERL — M 84 — 235

1ajdoip 20N © 404 amind Bunood |pspr uy

wod
burijey —

_m/,

AL

1t bid

000<¢

00¢¢

00v2

00%¢

008¢

000t

alnjoisduwa]

(25)



JAERI—M 84 —235

5. #& E
BOKBETEORGERHAERE L ¢, BEEMLOSRAEALEM LIBSIA L HSMECT

2B L, NSRRERTHIEEREE LUEBBOMM LB AR, BEf 2vF - L#R

BB FALIC DWW TREZT-HER, MOLHEEFDP -1,

(1) MM T A VE - ~OERRIFREE S L bicEnL, BEKoy 77 - vERP AT L
R Ok - BRI A4 A iE S TR F 9 5,

(9) FRSEOMN MLBE R BSHE, HERORosin- Rammler #mANC LD R R
RTCE b

(3) Rosin—Rammler A7l & Sk EHEPAR BT LoBETR(RATSE, &
RRIE T oL — SRR AR B I A L, BE ORI - TTDEEERE D,

(4) #E OB T, WEVERERICEC 2—0El &, ZoBCLURRERN T 2507
RIBHIC E - TIRC 2. THhb, MEHESAIENRT 5 & SETHER T 5050, TORIC
Weber Bl A SR AT IC & » THRFEAE LS, $h, —KEHICL D TERER
THEFN SBEAFL T 2B AEREAET L, RSP S5 0ORF8TE 2,

AL, BT 4 0¥ - SRME OB Fc D0 TEHICRFE LI TH S0, £TL
L ARTOREATRMICHEM LA b0 ERE AT, SHOWHEERK > CHEZ LS UEHS
FCEMRE - T D, #0 TOROBREE L TERENMEZL LTIl d 4,

(1) WBEHASREOMISRE ChEHRENERD BRI HPEL T OB T{LOESR

HTR AT S FTEE L L, CNE TICOREEEREE ONERT» T a4, HED
L CAWBT S QMBI LN TV, FROFETOREMERRZ PR ITENE T
AHOTHREERIETERNOALLANLOT, <y b OFRE - BiRick 2REENE &
O S kT E Y THAOERSDE FAERMBAAIGTE S — FE{ERL THIT LTS
B EEENEEEONS,

(2) IE LR O SRASER S8, TEREE 3 MPa lnE LR E B TE R
BB R AT - R, N0E TR S, GEES | EEALRNELLD
E 1L oy TAUETE T X BB TLAEA IS 12D TH 508, AR S ORGRER®L LT
BIC, NEARTG A —4 & LEERATOLENESB LM, Bio -y - 7 v THHEE
AFIED, BELCLATP ARAFAEOCEBIER LR LTS, TosEHRES SR
F0EEA S,

(3) HEHEEIE A o fokRE R ME OB EARTE T 6 ¢ & L TREEIRIER O W



JAERI—M 84 —235

5. &5 Fl
ERKRET RO EHREAER L ¢, UEEL LOSRAEAL 84 LIcEAITAE U AMECT

2B L, NSRRER TEIGEBERE L JUERBOMB LB AHE N, Bl 2L F - L3

B OB AL O W TRHEET - oER, ROLHEERDbr -7

(1) BHYIT i AE - ~OEERIREE L L ITEML, SHKoF 77 - VERD AT €
W Ok - BB M+ AES TR T § 3,

(2) REBOMN LB OR B, S ERORosin— Rammler 77flic L0 R (&
RCE 5.

(3) Rosin—Rammler 57l Sk EEEPARIME T LoBE TR (RETE, #
FRII T ROV — SRR AT R PR I A L, BECOFERICE - TTDEREKE S,

(4) $E O T, BEBEREIHICREC 2—EH &, cosch URRERNT oD
RIEHIC & - TEC 2, $7hb, BEEASALEE TS LSETHELT 5705, TORIC
Weber B A S EHIAZ T & » TR FLAE LB, F /0, —KEHICk D TERERER
THEF, SBAELT 2B ATEHEELETC L, BIRFYS 5 ORFHTE 2.

6. 4 % O R HE

AHE L, BT 4 0¥ - SBE oM S oL TERICERF LIcboTa S, LT L
bt NTORGATERNICHR LA L0 ELEEAT, SHOPFHER - THELLLTNEES
HOADE TV B, ¥ TOHROBEE LTESNAMELLTICAERET 4.

(1) WEBEEHRSEEOHNSEE: ChEEBT AR 28I PEE B DN TH{EOER
HTRAS S FTEE L, (N TICLRETEREE O RIT - T AM, HIED
LT ARERE S X ORI ATV, EROFETOREMERRZ PR ITRNE T
LEOTHEERFETESLAL LAKLOT, 2Ly b O - BiRkick 3HEENE S
DEM B LD E y v THAOEREDE FAEMRMAAIGE T — FEERL TR LTS
AU EpERMESELNS,

() MF AR O SRAEER ; S, MERE%E 3 MPa i EL/TBRERE B TEHE
MEREAT - R, CHE T LICHME P ES, BERE 1 %EHAIRELHD
E o ey TAUENEHIC & MR TALASEA L 1O TEH B8, HRAE S OBRERD S
Bic, WEANRT A -4 & LI ERATONENS B LT, Bic— v 7y TIHEZE
A, BMEECELAFP HAFEORSAEER ER LTV S e, TOLEHERSGICKR
EWEEAL S,

(3) HEEWIE % o oK LR s M oM T EARE S B b o & L THFISIRIER O R



JAERIL - M 84 — 235

FEHSE R THLE EOABRICELLD, LT EESSICHILT 5/c0iT, E#
M G e TEALEP, SOKRMACRUHEY ZKTICEE THEM L TR T Lok
ESICRETBROBEABZFEAER AT, FTHAMUETEI S0 L - ThIEDEM
ERAE O hA EBHI B, |

(4) FEFEEE BEOHTEE +H 4 5 SERKRATOREES L CARRO ALEREH~

HEER RRERMB LA 2DIEMLHORRAR L 2RTEOFESKETH D, £
DREENCLEY L vFESEOERNTS 2 LORENE (SN TSR, FTRE TOF
NPk D KEE TR T EBE T 5 HIESBEOEEA LT S0, &5 0RESEY T
4L LTHEBR SN LT, ROFIB >hic BEEM G VARICH D, ol &l
ELBRICONNE L0 L BN, S0, WHET A AY —OKES ARIFIICIRD i )
BT R b L7 RE TOREERSLBE LG 2, £ 0T, KL Ed THET S8k,
HEOREVANMLRELNAROREREERTET T2 & L bk, AREOALEREA
NTHEDBHELOBREBII 75 LBULETSH 5,

(5) BEFATHAROFERMIMG  BREAFOREAEHIETHDWEAEHT 5 Lip

5, REBRICL M TLSET - T, AT, BENAOITHIZ ST MG
BOABEMNH B E LT0EY, TENBEHZ TRRE > TV, TLTHHEN A OHME
PEBEAREN, BEETHL VEEAFERCLBNTEARERNT 240 8)H S,

(6) WAKFEG T TOHF LR AT TIEEAN T2V F - 2B UTS &R, FNTREK

HEE - AEERREEL7-HOTHYD, MFCLitk-» THRALLEI P LHCARERES
FEFRERAREEARENRE LTCEN, TOOIEERTT 2L - ~Ofcfig T L
THEABORESEH = 20 F - BB AKCHLIHMINOELER LT A, Ly LA SIEK
A THHC B O TIRBKE 373K E S - T 2, COLDEETE D T, HEHER
BROESUBRICLIWET 3 0¥ -3 L L, F0ROBEIZLAFNOENEFBRE(E
%, Figb 1@ RESEA 7wV EME - TBWR &4 T TRRRBRMERZIT - RO KER
MABNENBEHZ RLAELDOTH 5. SiREEA 7 2 v OEBRAE R ITHEKRERE
FEOMES SHE GRS A BETE A, CoMTSHLNDS EHICMFCHIC L - T
B LRDE S 2 A Uik, BBIc Lk - TRESHEN D - D EER LAE 2RO
sz ik Uiz, COERTIE, FEASMEALEL TESOMESICRT /o it
HEBET Uicds, EAORFERLSOESICEE Sk EH L, MFCLICXAENLD &R
CuBEEEEE Y, COEN LR OME S RE LS GALE S,
VIEOBEEAS SIS LIBET 20 &8 Tal, RTFOEAHICRECERT 50 &N

T&, £, FHMZGMESIZARLELLEDLEE S,

*

FIZIE Asarcolo— 1584 &, ZHRXE 24) THEHNALDOTHABTOCTHY, INERVS
EROBERERA LICERSIHEL T S,



JAERI — M 84— 235

st pressure pulse

/

fes]
]

/an pressure pulse

Pressure {kg/cm? gage )
[#a] [s+]
(e} on

~J
wn

! I ! ] ! ! ! ! ! 1
-”0 2 4 6 8 10

Time  {sec.}

Fig.6.1 Transient data of internal pressure of capsule



aﬂ,

JAERT—M 84 — 235

F33

AR EOZTICH T 0E COBERO R VNGB RERRED 4, B LURROFRIZ
- @GR O VA NSRREBZEORSCEFHOEEZRL £4,

EEH

(1} T.J. Thompson and J.G. Beckerly, The Technology of Nucker Reactor
Safety 1, MIT Press, 1964, pp.672.

(2) R.W. Miller, A.Sola, R.K. McCardell, Report of the SPERT-1
Destructive Test Program on an Aluminum Plate-Type Water-Moderated
Reactor, ID0O-16883 (1964).

(3) W.E. Kessler, Jr. L.N. Weydert, SNAPTRAN-Z/10A-3 Destructive Test
September 1969, IN-1370 (1970).

(4) T.G. Taxelus, et al., Annual Report SPERT Project, October 1968 -
September 1969, IN-1370 (1970).

{5) P.E. MacDonald, et al., Assessment of Light-Water—Reactor Fuel
Damage During a Reactivity-Initiated Accident, Nuclear Safety,
Vol.21, Wo.5 (1980}.

(6) B B, {h, HISESHEE T ICE D 3 AHREORMES), HART ¥R,
Vol. 20, N0 9 (1978).

(7) SEZAWRS, NSRREEE, NSRRERT 2 /L2« L— b6 (198F I~
1978 %6 A) , JAERI-M 7977, pp.6 ~ 11 (1978).

(8) mffss, fb, RIGEIHCHE S BET % 0¥ - BEBHBOWNR — PARREREE —
JAERI—M 9840, (1981)

(9) HFEa, b, REETSEHCEY 5 ERARBHECREMR TLOLE — Ml
MEONESHRIES SORTOME — |, JAERI-M 82 - 141, (1982),

(10) KEE%%H%EJMRR%EE,MﬂR%%TDﬁvx-vﬁ—b-ISH%1E7H~
1981/ 12 F) , JAERI-M 83 — 193, pp.5~8 (1983 ).

(11) FARETEGSR, SREE, + - L4, p.2l ~24 (1975).

(12) A.W. Cronenberg, R. Benz, Vapor Explosion Phenomena with respect
to Nuclear Reactor Safety Assessment, NUPEG/CR-0245, TREE-1242
(1978} .

(13) H.X. Fauske, On the Mechanism of Uranium Dioxide-Sodium Explosive
Interactions, Nuclear Science and Engineering, 51, pp.95-101 (1973).

(14) M. Ochiai, $.G. Bankoff, Liquid-Liquid Contact in Vapor Explosion,

ANS/ENS, Shicago Conf. (1976).



gﬂ.

JAERI—M84—1235

F33

AMEOETIcHDELOPEE VIO ARIGELEREZD 4, BLUERDORKI
H UG E O O NSRREAZE OEFICEFEOEEAELE T

EE M

(1} T.J. Thompson and J.G. Beckerly, The Technology of Nucker Reactor
Safety 1, MIT Press, lé64, pp.672,

(2) R.W. Milier, A.Sola, R.K. McCardell, Report of the SPERT-1
Destructive Test Program on an Aluminum Plate-Type Water-Moderated
Reactor, IDO-16883 (1964).

(3) W.E. Kessler, Jr. L.N. Weydert, SNAPTRAN-2/10A-3 Destructive Test
September 1969, IN-1370 (1970).

(4) T.G. Taxelus, et al., Annual Report SPERT Project, October 1968 -
September 1969, IN-1370 (1970).

(5) P.E. MacDonald, et al., Assessment of Light-Water—-Reactor Fuel
Damage During a Reactivity-Initiated Accident, Nuclear Safety,
Vol.21, No.5 (1980)}.

(6) B Eff, fh. RISHEEREETICE KB BEORESED), BARTAHFREE,
Vol, 20, No. 9 (1978).

(7) RIEEZ4AFRE, NSRREESE, NSRRER 7w /LA« Li- k6 (1978% 1A~
1978 46 H) , JAERI-M 7977, pp.6~ 11 (1878 ).

(8) LMD, f WISEBHICHE SR 5 14 —REMBOTE — PHTTRERES —
JAERTI—M 9840, (1981 )

(9) HHEE, fb, FUBESHELET B 5 SR E S ORI F (Lo — Ml
B ORE A RHES KORTOBE — , JAERI-M 82 — 141, (1982).

(10) FISELZLEMRE., NSRREEE, NSRR%%ﬁTU FLA s L#E— e 13(18LFET F~
198145 12 H) . JAERI~M 83 — 183, pp.5~8 (1983).

(11) BXBGETEGLR, BRER, 4 - &%, p.21 ~24(1975).

(12) A.W. Cronenberg, R. Benz, Vapor Explosion Phenomena with respect
to Nuclear Reactor Safety Assessment, NUPEG/CR-0245, TREE~1242
(1978).

(13) H.K. Fauske, On the Mechanism of Uranium Dioxide-Sodium Explosive
Interactions, Nuclear Science and Engineering, 51, pp.95-101 (1973}.

(14) M. Ochiai, S.G. Bankoff, Liquid-Liquid Contact in Vapor Explesion,

ANS/ENS, Shicago Conf. (1976).



(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

JAERI - M 84235

D.J Bucharan, A Model for Fuel-Coolant Interactions, Journal of
Physics, D-7, pp.l441-1437 (1974).

L. Caldarola, W.E. Kastenberg, On the Mechanism of Fragmentation
during Molten Fuel-Coolant Thermal Interactions, Proceedings of
the American Nuclear Society Conference on Fast Reactor Safety,
Los Angels, (1974).

S$.J. Board, R.W. Hall, R.S. Hall, Detonation of Fuel Coolant
Explosions, Nature, 254, pp.319-321 (1975).

J.0. Hinze, Forced Deformations of Viscous Liquid Globules, Applied
Scientific Research (A), ﬁp.263—272 (1949).

R.0. Ivins, Interactions of Fuel, Clodding, and Coolant, ANL-7399,
pp.162-165 (1967).

H. Schins, The Consistent Boiling Model for Fragmentation in Mild
Thermal Interaction-Boundary Conditions, EUR/C-IS/677/73e (1973).
M.S. Kazimi, Theoretical Studies of Some Aspects of Molten Fuel-
Coolant Tehrmal Tnteractions, Sci. D. Thesis, MIT, (1973).

M. Epstein, Thermal Fragmentation - A Gas Release Phenomena,
Nuclear Science and Engineering, 55, pp.462-467 (1974).

FAFE—BR, fih, SERGIC B0 A EREE OE e D0 T — IRHIER OsE — .
(Vo L3 30 4585 15, pp. 50~ 55 (1968).

R.H. Bradley, 1L.C. Witte, Explosive Interaction of Molten Metels
Injected into Water, Nuclear Science and Engineering, 48, pp.387-

396 (1972).



