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—EORBROP T, BWBERNICKEROHERE LERBEAERm S TBY M3
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2.2 fRtr=T v
2.2.1 &
B 2-1 TRTERY, KERKBRIL, BT rx—vareEraticsng, 4
DDEMPEHDLEEBELZADNTVD, TNENOBBRIIBEETIEHELZLUTIZRT,
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AR (IB%) GHMOERRL, AEICATR AL SEAT RO D EEHD
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Vapor Melt drop Pressure wave
film
@ @
2@ o
nggf%
05 ®e.
@ @
1) Premixing 2) Triggering 3) Propagation 4) Expansion

B2-1 KERIEFEOBZMA 2 4 DOBRREN
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Ex- | FCI
i (Premixing mode)

Melt jet breakup in R I
premixing process i

( Coolant: Two-phase
flow code ACE-3D

b |

Melt droplets
flow and cooling

Melt particles & Group-planiclg rpodel
Lagrangian (Np particles in it)

(Explosion mode)
Particle Particle
groups Shock groups
premixing front  "Fragmented" Fragments

Particles

[X] 2-2 JASMINE =t — R #4a & HEmk

2% 1-8



2.2.3 fATEF LD
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MR RAR, T2RbLEE-V PLA AV MIHIST BB LA
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ETEEIND,

=P ’ Hpi B
Vo= 2 (L_:,,«k) max (Lpic Hpp) (2.2-2)

ZIT, 37— RS, idV=y FORETH S,
R b LA Ay Mg, ROLSICRD OIS,

e = Cone Py Ve (2.2-3)

ZZTC, Cont BEETHD, EE Ca 1L LTRELERS, Vv MIE
BRICESCHBERICI-TRESENEZV 2y MyEETHET 5, Can ZKEL
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Droplet
entrainmen

K2-3 Pxy byHEETLOHPE M

(2) MiE7—rE71
Vxy MR FHEAERICEET ABRICIE, Eik Lo@EE KT 5 etk
Bhbd, M2-4iz, MET—LETNLVOERXRZRT, MET—LETLVOME
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s XHE—KTOEE, —FLF—ROESHEEFRZAEL,
- Vxy MORIFHEPLMboMEEREEZET 5,
- MR —VREICIT S ZHERK UK E OBEBREEIIERT S,
s AT —VIROBEEREZRVE D,
- TRl EBE SV OEREEET S, (X 2-5)
- MER A TIBRLSL, TRb b, EBEIRE L 72> TRMEREI
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FROBEE LTOREERLCDZ L TERT D,
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Jet

Settled grouped particle
L. l he(X) Solidification

9 x (M)

X 2-4 @& — 17 LHEKRN

J Linear
Zuber (1961) ~[ehf 4 _interpolation

Transition™
Kutateladze (1952) Nucleate Boiling Berenson (1961)
" Boiling :

Film Boiling

3
3 Convection : ;
= 4  F | N Stefan-Boltzmann
!
JSME* (1994) | Bﬁ{ggﬁ;n
*The Japan Society of Tsat Tchf Tmfb

Mechanical Engineers
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3. ERZTODFHEWEZEIARVWEES, Zo0RFHRIITEHEREZSTITTY
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1. RIFEERPLERICRE LSS, ERNAA~EEEHET S,

2. BIFEENREHUIMEHOTERICE L-BIT, BERK 0.1 OFHETERA
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3. KIFHNE~BZELERE, TV SN ERFEOELLMRERLTY
LB EIITRTFRIIT 7Y PN EeMET D, £5 TRWERITIE, BT
BIIGZEE 1T 7YV 77—V EICHREL, Ty REERT S,

B 2-9 (TR Fizxtd DR OFMEMZ =T, FIORBIIEREICHT5—

AE 72 FE M RCE AV 5,

BRIt A EBET LVOBMEZ L TFITRT,
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1. Bounce  ou+0w > Otpack (=0.6)

(damping factor 0.5)

ZODIN—TRELC L D REEEFEOBE
GEEE, RIF£, RE)

3. No interference

X 2-7 BrFEBOA v F—T z—RET )L W

™

2. Damped

Bounce
(damping factor 0.1)

1. Complete
Bounce

Central axis

Side wall

11 3. Merge (melt)
1 Or stack (solid)

! Bottom

X 2-8 B FEEOER TOHFHF 1
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Drag coefficient: f

1.E403 = = =
f=max(24/Re, 18 5/Re¢, 0.44)
1.E+02 : : .'
1.E+01 : S : =t
1.E+00 ; 1§'.5ﬂRe. "\
|| A :'0_4 4
1.E-01
1.E-02 1.E-01 1 E+00 1E+01 1.E+02 1 E+03 1 E+04 1.E+05
Re (-)
X 2-9 BARLF OFET FREK
‘ ; Linear
Zuber (1961) et [ _ intg{polation

B Liu-Theofanous (1995)

Kutateladze (1952) ' Nucleate

= . Boiling —
| Film Boiling
3 | +Radiation
ks Convection :
- ) . ol Stefan-Boltzmann
Forced convection ! |
correlation around | 5 | Kendo (1995)
a sphere y | | | _
o : .

Tsat Tchf Tmfb Melt surface tem'peratu re

X 2-10 BB IREIZBEWTHAWSLNARRAET Vv (hiF#f)
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- RSRREN ER LREFOTAERICEY NI HI U TE2525,
- ENGEE I EBERET D,
(5) MM{LET NV
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NERRER L LT HHRIEE” B Eiiz,
AR TR F B D BA LML FOESETH D, MMREIILL T O
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- R LRI F D RA -
MR FREEI R FENOKNNREEFERICLY SBEchE, B
BRFRIEIKRDO L S IZRES,

= —niy (2.2-4)
iy (2. 2-5)

ZIZTC, mp (FRFHEFO—RFOERE, n TR T 6AERT 2 Mk
HOEE, W IR FH2EP AR T 2MHEHEOER, n, PR FHOK
FETHD, —RF20OMMEER md@RQ2.2-NIck v Exbh 5,
BRI RVF—RF

WHER FRAOBRERIZFEFICKEVWLEZONDZ L5, M
LRI FHNOBRED, ZOBRRBIZBITHEREOEREL RS, WML F
DHARDOBARERIIFEFICKENLEEZZ DN, EERETOVWDLR DB
Kb ZOBRITBEMNZRREICITER TE 2V, MR FORMEREY
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R¥ED,
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=g (2.2-6)

ZIT, er & e IHMLKT LRI FHEORFOLARE= R LT —TH
%, BHRIT (RIFREOKIT) OHAB=FLX—IRFEBRPTII—ET
b5 ERET D,

BRMEELF O EERAERITRERH T, EBRILBRIIEETIIR
WZ e, BRMERF X3 5 EB RN T, Bk
FREATBES D LIRET 5o

Particle group

Fragment
group

2-11 RIFFE & pmRIRE [

— AR5 b OWHIEER nip I TO X S ITkD 5,

: 1 1/2
iy = Cprg E% ngr(focpp) (2.2-7)
1 : Carachario setal. model -
tb o { 18.7/801/4 : Yuen etal. model (2- 2 8)
_ 3 Cope vE .
Boi= 16 Oy (2. 2 9)

ty=t; J‘;Ef—” (2. 2-10)

ZIT, ty BOREERM, . XOROERTHEM, D, TRFE, v. TR F
LRHM B OMEXHEE, o & o, (XHHAMEBERITFOEE, o, (IFERL
FOEREEHNTH D, MR GIZ==2— b IBROME0.44 ZFEHT D, Co
FEREHTH S,

(6) ZHERET NV
JASMINE =2— RiZ®F 5 ZHRE TV, ZHEfi=— F ACE-3D D& EKIZBE%
AN, THRET VOB AL TICRT,
« ACE-3D XM B EER D =R TR FHFERE M 2 LB TE 54, JASMINE =
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— FCRZKRTEEZER TOHREEENSEA I TV,

- K, BR, FEHEESTAOEERRUNB= RN —FRABEIND, XL
T, EHEFERICBWVWTIE, BEKREEEBEET A TFERETH S LK
ELT, K, BEMTRAOBEERUONB-=RLX—HFEXELHEL,

s AT ERERLF, WL F L OEBRER DI LR TE S,

- K-HAMOBYREREK (K 2-12 M) 1%, TRAC-PF1 =— FOXJa & &
W oET VERA,

- A oOMEPEESKREEICZ LV ERE (K2-13 3/8),

- KT/ RIABEITER R We & VTR, BRSR We X, AKX 4.0, KigiX
7.5 (K 2-13 ),

- UAOREBIIMER FOBE LIZIEFE L (K2-14 218),

s BRI F b AR~ DREE S ECHEE A X 2-15(a) 1T, B 2-15(a) i
P T fhtint, fhilkill, fhigkill (ZHIRAMITIC THEIM O3 ZHIHE
TBHNRTA—FTh5DH, fhtint 1%, BENLLOHKEED S b, HBHMOE
RICEESES T 5REOE S %2/, fhilkill, fhigkill 1%, ThLh Y
77 =K ERBRAEOBRERE, BRAR L XJRAEOBCERED
FETHD,

- PEHRERL T2 b AT~ OB E Sy EoiEiE & X 2-15 (b) 127" T, Kev [31B%
FEMTIZ THBILRL T D OBBED 5 b, GHMOERICEERS T8
BORIGERT,
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Hi Vapor
-

Gases

Interface
(Evaporation or condensation)

K 2-12 Kk & HAOREIZBIT 5 BsE

T e ).
i Buoyancy = <o (0 -.) 0 [ o s ooz, pL s K, HRADEE, g :
v | ||E;a.a.m.9 EAMHEE, Co: AR, po MEHOBIE, v
ST RS, Vo @ BETL© = <— ¥ (KIF 4.0, &14
TAg=Ra S 2PV 7.5) , o: REEH
d, =i
Pe "V,
X 2-13 KERUORIBIZBITHHD2H EHW
1E+03  S— — - 1 s I - 1
FrREMO- O3 —

T LE02 240 N\

= \
= =N
2 HHH
o |
o
E 1.E+01
[+1]
L& ] | 1
oo e BDalbY.
g (1+ Re08)-24
O 1.E+00 _ —
Re=989 044
1.E01
1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05

Re(-)
X 2-14 KR ORI D TRAETAHE
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* distribute so that
all components have
same temperature rise

Heat input
from melt

Qmelt x (1-Fhtint)

* normal interface
heat transfer is
suppressed by
f**kill facters

Interface
(Evaporation term)

+ Rl TOHF OBEREEIH Sh b,

+  fhtint, fhilkill, fhigkill (ZHIB&REHTIZ THA
HOEBERMET S5 A—4,

Qmelt x Fhtint

(a) BARRIF B AR~ DEERSE A

Qmelt x (1-Kev) I

Heat input
from melt * normal interface heat
transfer is allowed only

to avoid unstable conditions:
- superheated water

- supercooled steam

: or too high gas temperature.
Interface gng P

s Ko (Evaporation term)

+ R TOERFOEEEIFAE LTRSS,
+ Kev [HBFEARHTIZC, BH(LET 26 OBBED I
b, WHMOREICEEFS T HREOHE,

(b) FEHEMLRLF 7> B —HFRA~OIREE 57 B

X 2-15 A ~DIEBARHECHEE
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2.3 AHA

ARETIE, JASMINE 21— RIZ X BKEKIBRAET RO AH A 2T,

B 2-16 IZKESBRMETO 7 o —HERT, RTPREDT T MEEREPCE
SERMFAT MAAP) (TES S BERIABIEHAEIZE S X JASMINE 27— FOAAFRBOR
ExITI.

JASMINE f##fr OFFEAERIT, KEKIBRFFOFRFIFHRMNA S ORI %2 £
OB EREFHa— FOARELEL LTAVWLNS, KERBRAREZES
ZIETHEAICIE, BEXESD-ERCOEABRESEEGET Mo — NIz &
Ehs,

75 & MAAP
- F5 v NS - VERMREHG H e
- KR 0 AKAL, etc - BT E R BN,
ete
A\ J A J
JASMINE

« FCI |2 & 2 BEH E /I ffE

Y

HG S AT

X 2-16 KESIBFEMIT O
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2.3.1 AAH
(1) FEEROKMPIR

FHEEERT, K 2-17 II7RTLBY, HEEERICBIT2AEIDEI ZF—L
LTERSN, BKBEIXX-ZF¥EDZY v F& LTHBkESh 5,

R FASREERICBIT ARFIF T ¥ E7 1 MR TOKEIIBRBIT 2 E
i 5%a, HEARREZETFFES EFFTHY Y7 «Bm, Kl TEKS
NAFEROFNEET LT HZ LR TE B,

X-Z FETD A v =2481%, JASMINE =2 — FOHIRE [ X HH (=30), Z KHIA
(=40)] DATERICRET DI ENTE, EFFTHFY ET 4 BRICOVT,
Ry®N, RFFETEHY Y E7 ¢ ZEM (KHE, &), RTAFETFTHFy T B
HEEXERTHLNFARETHS, R2-18I12X v v anBOF%ETT,

e
e

Melt Jet froemems
Grid o

i Two-phase

\ it Flow Grid
| ' =
g =
a& omsie
b || e
| B s L
SR g ! :
X Melt pool Grid

AN %

EFIP
TEIFrET

X 2-17 FHEAER DMK DB
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FFAFRBER —
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HH K[AEZERE 1+

FA7
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JEF-4E T 5B
FyET =
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(2) Bl OOEE
BEELOCHEEC D VWTER, BV v20EETAT Y
(jasmine. corium, jasmine.corium2, jasmine.corium3) 73, JASMINE =t— K|Z
TR TEY, =2—F—ZENIE L TCINLEZERTAZ LN TE S, &8

HETA 77V OFEREHIILLTOLEBY THDH, F 2-3 IZ jasmine. corium?
DOYEEEZFIRT 5,
jasmine. corium : FARO/KROTOS EBRZE{F (U0./Zr0.=80/20wt%)
jasmine. corium2 : FARO/KROTOS ZFEBRSF{H (U0./Zr0,=80/20wt%), ftm, VU
FHR, V) F A ERBLEEHICRE
jasmine. corium3 : TROI ZEBRZ{4 (U0./Zr0.=70/30wt%)

(3) EEANE
#2-412(), QUADEERANFEZRT,

(4) ANEBOBREDE ZFH

ANGEBEE, K24 ITRESNTEANFHEOHTRT L O 1C, RROLRAKERE

RERPBE I CHBETAEDICRELEANERZR—2 L L, KEKBRELRIC

HEOTRENIEBEZT, UTORTFHEZZER L TRELTWS, 22k, FHliE

BIZR L TEL BHEICERB LB RHFITOVTIE, REMICRSFESERTE

BIEEERBLERELLTVS,

C ANV MEHGERE ¢ AV MERHEERR, BRBLEr»5T 7Y #HEEEOE D
LEtE IS, ANV MREEEE LT, REFFESSE (UT
RV] &\ 5,) DOIEERERICERT 7R TH S LT A

HELE-SE2EE L-EERE,
AV MEHOR  HESMAEEEZRTOICFHMET 572012, RV ESFOFHESR
NE O£ 0. 038m DIE Z R5FANIZILD T & LTRE,

MR A RRRIEE - BEfF O FCI %EBR (KROTOS, FARO, TROI, CCM) D 7 & —EHJHL
BiIZo~3mm BEFL I T3S, —RICHIBAFHEREN
KEWRE, BF»SHREAM~DEEMET L TR+ Bk L
<Ky, BHMKRA FELETTHZ LT, HIEAGMME
BERKEWEHEABDHDEEZDN, 20X 2ERAIE, b
UYHY U INBEER, NIHYV U TEA4 IV TE2HRER
FEEREY—7 L RHIFHIIBNT, REMITICI VBRI
nNTWs, Lo MY HEREEZRTRE LT, BEOKENK
ELRVRFTVEEFELE LT, EROVF Y ¥ —FHREE Bk
T2 TR IE,

[ #EAR0oNEISEFRICR
2% 1-24 LETOTARTEERA,



R UHY AR BRICES LG IMEOERENEKRITELS, BREOREN
RELRVRLTWERML LT, Pl EOERH LA R 7
VB EZRE,
NI HV o TEAI T KETBRICLVRET IEH IV X—BHE LK
ERBLEEBZONDFHELE LTRE,

3% 2-3 JASMINE f##TIT381T 2 tE(E

No. HH YT k=

1 | WA [K] | BRABRTATFY
2 | EAERRREE [K] | (jasmine. corium2)
3 | WRAHBRREE [K] | IS E

4 | EtEEEE (kg/m’]

5 | WKFRE R [kg/m’]

6 | FAFEELER [J/ (kgK) ]

7 | EtHEER [J/ (kgK)]

8 | VARIEEL [J/kg]

9 | BVRER W/ (m*K) ]

10 | REHEAREL [Pa-s]

11 | REERS (N/m]

12 | BB [~]

[ ]: EAONBRIEEERICB LETOTARTE A,
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3% 2-4 JASMINE fRATICBIT B ERANEHEOH (1/2)

No. AF E(E®) Hif 3
1 HIEIES [Pa] | MAAP EHTH#ERIZE S ERE,
2 T—VIKIR (K] | MAAP fEATHE RICE S ZFRIE,
3 ETFTANVIMRER [kg] | =3—F~ix 5 AV bEHEE] & LTAA,
4 ANV MRE (K] | MAAP f#TIC XD & FH SV LLANDOERT 7
U OBt e OBEEE 1T ThHhHI LM
b, ET 7 ) O slX jasmine fTEO AL b
OYEE /> 77— jasmine. corium2 @ J ¥
4 2 Z, @[ ok L THRSFI9IC 10K
RER LI EZRE,
5 AV b B [m/s] | MAAP f#ATIZE S < RVAEHERFOE T AL FRE
i |Eco77 ) RAEEORKEE R
Eo
6 AN MEEH O (m] |RVEHOEET GHERENE) O0#20.038n %
S e I 7
7 T— VKR [m] | MAAP EATFERICESERE, RTIFAREL
PHRFETHF Y BT (KT X TOKET
# 5m,
8 IR & Rk (m] FIRAE FCT EBrkE R (FARO, COTELS %) DRI 4y
TP LRBRFELE L TRE,
9 BRERLTFE 0. 00005 [m] | CERVEEE D JAEA 23FESE L 7= BREERETICA W
LA MEEEA,
10 | 7v—207 v 7HRE L0 -] | SCRRUMEEE D JAEA ASFEME L 7 BREEARATICA
LA EEEA,
11 WREE7 77 ¥ 5 [-] | SCERMIEEE D JAEA 233EHE L 7= MRAEREAT I W
LD EEEA,
12 NUHY U TALE JRF1E T =% [m] r Y HALE I T DR SEh A 7
Y ET 4 M ENLVEEZRE, HITBRIZCLIVRETHIE
o F, Eh B XAF—RBRORELRDBZLEZLNS
S35 2. Tm FHEERELTZLOTH S,
13| FUHV U ITZ A4 | HIEEREE | [sec] | KEKBREICLVRATHEH X LT —HR
4 BEORAOYE BLRESRBEEZOND ML LT
— 7 Ll B TEo
#
14 FY HRE 5% 10° [Pa] |~==2T7 NIk B NV TEHORE®HE
500kPa-10MPa J: ¥, 500kPa % %7€,

[ ]: A0S FRICBLETOTABTEERA,
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$% 2-4 JASMINE fRATICBIT B ERANEEOH (2/2)

No. A B (&) H S
fir
- 77T AT —3 3 | Caracharios (1983) -1 |-
EF )L ET)V
i 72 TAT—vay | AFREOFHRE | [-] |-
Gt 3R LA E
7 FFGHRA STV a s 0.35 (-] | scEk™Msc# o JAEA A3 EHE L7
¥ BEEMITICAVWLN A &M%
- PGFT AT —ra s 1073 [se | B&H.
FRF ] c]
TR " FEDEFSE : 0.02 [-]
19 ﬁ%%ﬁgzﬁfi$ 757 A MEBD
e H5:0.7
TG AVTF—ay | BA RE0.3~0.75 | [-] | TEVE#E# D JAEA A EME L7
20 | IZBITDHHRA FiEffk Thy b7 BIEMTIcAHVWO R &%
b4 BH.
NY A EESH 2X10° [Pa | BE—ZEHLY HIELS D b
21 ] U HEEES 500kPa L v &+
FREWESAE LTRE,
U H AT AEE HEAEERDS | -] | FY AKEEEE, HIEA MR
99 i x FERICESE MY HRAREA
TO M) HEALTOKHEEES
T ERIE,
UK AT ARE 1000 (K] | Sc#RMEC#E o JAEA 23 FEhE L7-
23 RIEBITICAVWL N A SH%

ﬁmﬂ
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2.3.2 HAHI
JASMINE f##riZ, THURE@RE) & BRFEER) o 2B TV 5, Th
ENOBATICH T D2 EBERBHAZLUTIZRT,
(1) HE& @R
cBH ST ANV P RUCHIREHEKIZE T 2 AL PRTFOLEE
HIR ST IL, BEBTOVHSFELZFMT DI EMT D, EERYHEE
i, HIRGBRIIBWCERBRECKFICOBLEEBMEOERETHY, ZomHAE
BICESESNIHI VT FAIVTERET S,
JASMINE =2 — R TR ZOWHEELZ ERLT2EEFEL LT, HESMAEEE (K
A FE 0.75 UTOFERICHEEL, BESMAL LOMEER) OFMZELEH
NTHZENTED, BREOBENKE 22 L) ICHEEMEATERESEAICE
— P BT FAIVITCRIAI VT EANIVTERET D,
(2) BB
- FEEOEE = XX —ORREIZE(L
MEOEH =X LVX—% AV TEEREMFHELZ ERT 258101, KEXE
RIEERIC N ) HEAPLEB~NENEPAMEEL, TORETRILVX—DOKES
DIEOEB = R VX—ICEBINS LBE L, 2FEROMEDEE T XL ¥—
DRFEEP L ZDORKEEZBRETHZ LBEZLLNS,

AT #E R D BR

AIETIE, AREF 3 5IFICEBT D JASMINE f#AT# B6 %2 R4,

FHEREIZENENLLTOEY TH 2,

- PR AR : X 2-18

- FoFHMRY - & 2-3, K24

(1) HiE& @R
M E i A b RUCHIBESBEIKICEIT 5 AV MEFO2EE% K 3-1 ITRT,
B3-1icky, HEEMEEESRIMICIE—27 L2206 PRICTRIATI 7
BAIVIERELTWVD,

(2) BREER
HAEOES = X VX —DOREMEL AR 3-2 IR, K32 kv, HADES= X
NX—DE—7ER 2M] PRERBREFICRET ITRAXT—LRETHI LN
T& 5,
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Mass (kg)

Kinetic energy (MJ)

100
90
80 |
70
60
50
40 |
30
20
10

0 0.5 1 15 2
Time (s)

X 3-1 HiEEMEEE RESMILLENDORA FE0.75 LLTO
BIRICFET 2MEEERE) ORFRIHERE

0 10 20 30 40 50 60 70 80 9 100
Time after trigger (ms)

X 3-2 FiRikiEs)— 3L X — O AIHER
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4. KRERTIBEREBR~OEMH
4.1 HIE & EBRAT

HIEGIZET 2 ETNVOMEEZHERT A7, RUOERZRBEICHERTLI L %

HHE L7 T A —ZRED-%, JRC-Ispra BFZERT CEME S 7- FARO EBRICEIT

B5yIal—varE, JAEA REBLTWAM, FARO EBRTIX, BRMREE L T=

U LU0 & Zr0, DIREW) ZEAL, ThboZKTF—NICETIEZL &0, @ik

Vxy PRI VTFROMEBLOKERBEILL S TNV AN ERAZEDT—

ZR{HN TS, FARO ERICEIT 2 EREBOMELK 4-11T777, JASMINE 22—

FizBII 2RV Fv—2Tix, Y77 —NVE, A, V= MBREORTFA—FD

BRL53FBEOER—AZBRL VS, ZNLOLOERTIIKERBRERNRAEY

T, POHESRESHEFE TE LD, HEAITHET ARV Fv— 7 ERL LTE

EINTz, UTIZEr—AO¥EEBEICRR5,

L14 —2A : 77V OREIX 3073K, KL 2.05m, #7277 —VEIT1KE/N
&<, EAFEE (5MPa) THY, Y=y MRIZ92mm & KEV,
BHRKT AIERRTH D,

L28 7—2Z : F7VDREIZX 3053K, KLt 1.44m, 77— VEZT1KE/N
<, EAHEE (0.51MPa) TH Y, Y= v FEIE 4mm /I,
BHRKT AIERKRTH D,

L31 r—2A : F7UDREIX 2990K, KNLIX 1.45m, 477 — ) VEIX 14K &
K&L, EHEZRLEE (0.22MPa) THY, V= v MRIT 48mm &
NSV, BRAKHAIT VI THD,

4.1.1 BT &M
Ry Fv—rxB0OER I — (L14, L28, L31) DEBREERVTEFNFRLONR
vFw— NG ERALIORT, £, EREBAZEEL-BIFTT V2N 4
2 IR,
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5 4-1 FARO EB (L14, L28 K TRL31) O EER M & ORI &4

L14 L28 L31
Melt
Material Corium (75,1 /Thiq = 2830/2850(K),

SUWtOUUOQ—QUWT%:ZI’OQ)

Released mass (kg) 125 175 92
Temperature (K) 3073 3053 2990
Jet diameter at inlet (mm) 92 44 48
Water
Temperature (Subcool) (K) 537 (1) 424 (1) 291 (104)
Pool depth (m) 2.05 1.44 1.45
Water vessel diameter (m) 0.71 0.71 0.71
Cover gas
Atmosphere Steam Steam Argon
Initial pressure (MPa) 5.0 0.51 0.22
Cover gas volume(m?) 1.26 3.53 3.49
Results
Pressure rise at plateau (MPa) 2.5 1.2 0.04
Level swell (m) ~1.4 ~0.6 ~0.3
Agglomerated mass (kg) 20 (16%) 77 (44%) 0
Debris mean dia.®) (mm) 5.0 3.0 3.3
Analytical
Grid (Water pool zone) 6x37(6x20) 8x25(6x14)
Central column radius (m) 0.15 0.10 0.10
Time step (ms) ~0.5
Jet initial velocity(m/s) 3.0 ~3.0 ~2.7
Jet flow-in duration(s) 0.80 5.2 2.5
Melt particle dia.(const.)(mm) 5.0 3.0 3.0
Jet break-up length model? Taylor type, Cent = 1
Surface temperature drop model Use
Nys® 1000
Nhist® 1000
Frtint® 0.02

a) mass median diameter b) see 2.2.1 ¢) see 2.2.3 d) see 2.3.2

HiB : Steam Explosion Simulation Code JASMINE v.3 User's Guide, JAEA®
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C.L.

|
5F C.L.
3
-Melt jet
4 s " inlet
; ",w”’
z(m) _Meltjet
71 inlet 5 Water
3 vessel
z (m) ‘/"
1.5
2
3
1
0.5
0 1 [
0 0.35 9 0 0.3 0.6
r(m) r(m)

Hi8 : Steam Explosion Simulation Code JASMINE v.3 User's Guide, JAEAw

¥ 4-2 FARO L-14 (&) R URFARO 128, L31 (F) OfEtreETN

&% 1-33



4. 1.2 fEVTHER
EHBREORIERZR 4-3 12, T— VKM EBORITEREEZX 44 12T, K
IZHBWT, exp. PEBRFERT, cal. BBMERETHD, 2L LTERERIEE
BUORABRSEERINTWS, #MIcAHD L, EORCREDICFHFMENLTNED
WZxt L, #ITEREER (L28 & L31) ITBWTAKIZEmDICFHMish TWVW3,

I
L14 exp. —+
L14 cal.
L28 exp.  *
10" | L28 cal. .

ettt L31 exp. *

L31 cal.

Pressure (Pa)

—_
(=)
[=1]
T
1

Time (s)

Hi8 : Steam Explosion Simulation Code JASMINE v.3 User's Guide, JAEAw

X 4-3 JEERE HL#g
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Water level (m)

3.5

25

1.5

T T T

Hi8h : Steam Explosion Simulation Code JASMINE v.3 User's Guide, JAEA®

X 4-4 7— LKL ZE) LR

&% 1-35
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) oy L14 exp.
Cross sectional average void=0.8 for cal. 144 cal
Feme LL28 exp;.
A W Abs 28 cal.
= £ gl \/ mm"-\“_ . L31 exp. A
N L31 cal.
1 J'II
— . // =
ir
...’/.'
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Time (s)



4.2 1RFEEBRRRAT
BRICETIETNVORELZHIETI20, RUERZFEEICEHRTHIZL%2E
H& L7eRT A—FWEDI-®, JRC-Ispra MFEFNIC TEMESNT-ERD 5 H, FCI
\ZHE D =R F—DFEADHER S - KROT0S-44, 42 8 K U FARO-L33 EBRITMNZ,
TRNVF—DFREAERHER TE R 72 KROT0S-37 EBRIZOW T HAET AR L L TRE
L7z THHORIEMATIE, JAERA ICTEBINTND, W
KROTOS EBRTI%, 1~3kg BEOBEMT7T LI F Iz v Aa (U0, & Zr0, DEE
¥) ZEBERROKECE TSR, EHT LIV T RCEBEANNVRICE->TEH
UABNT B TWD, FARO EBIT, KEEXr—LVOERTHY, 100kg DEERH =
VO LEKRKT—NVIZETIE, BEREBPOLOENSNVRIZE>THRITRENTH
nNTn5, ZNHLOERERND, SALE TOENBEER MR T ORL T
BT 5T — 2ot AR A2 ER LT,

4.2.1 fBYTS&H

fRIT %3 4-2 1T, KROTOS % UF FARO EBRDEIT A v v 2T VR %E, K 4-5
IR T, KEKJBREN CITHESBRLBRARDO 2 OBREEMITT 5, H
BEABRTIE, #ETTAZHE TSI L CTEREEZEYICHEET S Z L0837
BEThsH, BEMNICIE, Vv MREOMEBER L FAREEAEKIT, FAZE0RETK
ARZBREVRELRVEEDO YV y MyREZBBRTES L 2BRINS,

FY BB T E2EORAS FREDER AT A—FO—KE2MHREL, H
BEEBBOMITERNZETHAIZLEHR L, £L T, ThLDORRLER
WO PSRN ICRE L,

BRI CIIMEDERLCOMOEREFHICEARRSETANRTIA—ZDOEL
—ELT5H, Thbi, fTED KROTOS DT LI FERTOEN VA, KER
BFEICEL D BEALEBMILEFOEERSEL BT HLIICREL TS, BF
BERTOETARIA—FOREITAITEAVEEZRZEAL-EHEZUT
1ZRY, B 4-6 12, KROTOS EBROT LIS L2l v AOKREE, MEEERVR
A4 FE 0.75 UTOMBEEREIZOWTOUBHRRELZRT, 7L ITTITHIERSBRE
CBWTHICEMRETHY, BEICKERIBRBET DS LITRV., £O7D,
HENLARESE MEDEO KBS NEET, KE+DICRAEESATWS)
MERTETWD, —F, 2V 7ATE N TEAICBT 38EO KRS B EIL
HHVIEERA FRBERIZEZT A TWA1®H, KEKBRICFET I MERITD
TheRd, ZOMEBEIHEOMENEELCHHIREICEKT 2. 7TAITiE=
U LEHBRLT, A, FIHBERVEEMMES, BEARKEVY, 20710,
BRENPKEL2Y, MESBHEIND ETICESTI2HERBEI RS, £, 7
NI FOMBEIBRENMES, BBV OREEI/DNIWVZD, K~OBEZEIT/N
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S 7B, TNHOBAIZED, aVATETAITIEERBEELRKEIIESRE
FRAELZW, UEXY, BENTHEBERERBONLET A I TFTERHWCER
DI 5N, BRBBOWHLETNNRT A—FORBIITEDNELEZ LN S,
SRR Y AR, PLOEROENMIEZ D, S Y TEMIE, KROTOS TiX, %
BRCHERA LT AEOEM (15cn’, 14MPa, pV=#) 220k]) PHRET 5, E7,
FARO-L33 TiE, EB= XN ¥—1k] &M AEELEES (28.6cm’, 35MPa) 75
RET D,
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5 4-2 KROT0S-37, 42, 44 K (XFAR0-L33 D EBR MK UREHT &4

K4 | K42 K37 | L33

Melt Material Alumina® Corium®

Released mass (kg) 1.50 1.54 3.22 100

Temperature(K) 2673 2465 3018 3070

Jet release dia. (mm) 30 48

Free fall height(m) 0.44 0.77
Water Temperature(Subcool) (K) | 363(10) | 293(80) | 296(77) 204(124)

Depth (m) 1.105 1.62

Vessel diameter (m) 0.20 0.71
Cover gas Atmosphere Steam | Argon

Pressure (MPa) 0.10 0.41

Cover gas volume(m?) 0.290 3.496
Premixing Level swell (cm) 12 | 3 30 9
results Jet break-up length (m) ~0.3 ~0.8 ~1.1
Explosion Pressure peaks (MPa) ~50 ~50 NA®) ~6
results Half height width (ms) ~1.5 ~1 NA® ~3

Debris <0.106mm (%) 47 31 1.4 ~89)
Analytical Time step (us) ~2
conditions Jet initial velocity(m/s) 3.0 ~2.9

Jet flow-in duration(s) 0.270 | 0.255 0.191 2.6

Melt Particle dia.(mm) 10 2 3

Jet break-up length model® S:Cei =25 S Gt =17 T: Crri =1

Surface temperature Use

drop model

Nperf) 100 1000

Rhise!) 500 1000

External trigger 14.8MPa-15cm* 35MPa-29¢m”

Trigger time (s) 0.9 | 0.5 1.12

Cjr 991 0.35

dfrg (pm) 9) 50

t!rigf:'fe (DlS) 9) 1.0

Perig (MPa) 9 0.2 | 0.5

Fragmentation eriterion R

Ko™ 0.7

@) Trnetr = 2300(K) B) UO,(80)-ZrO5(20) (Wt%), Taot/T1iq = 2830/2850(K)
¢) Reportedly “no propagating energetic explosions” [37].
d) Extrapolated from the size distribution reported in [41]. The ratio to the
melt mass in the system at the triggering time, ~40kg, is ~20%.

e) S: Saito et al. correlation, T: Taylor type correlation (see 2.2.1)
f)see 223 g)see2.24 h)see 2.3.2

Hi8 : Steam Explosion Simulation Code JASMINE v.3 User's Guide, JAEA®
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Fig. 2. Instant of the spl of one of the
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| 2% 1-1 NUREG/CR-5901 ® i # |

so-called "quench” temperature. At lemperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,0 are too slow 10 maintain chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively “frozen" at the equilibrium composition for the "quench” temperature.
Experimental evidence suggest that the "quench” temperature is 1300 to 1000 K, The value of
the quench temperature was assumed to be uniformly distributed over this temperature range for
the calculations done here.

(6) Solute Mass. The mass of solutes in water pools overlying core debris attacking concrete
has not been examined carefully in the experiments done to date, It is assumed here that the
logarithm of the solute mass is uniformly distributed over the range of In(0.05 g/kilogram
H,0) = -3.00 to In(100 g/kilogram H,0) = 4.61.

(7) Volume Fraction Suspended Solids. The volume fraction of suspended solids in the water

pool will increase with time. Depending on the available facilities for replenishing the water,
this volume fraction could become quite large. Models available for this study are, however,
limited to volume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken to be uniformly distributed over the range of 0 to 0.1.

(8) Density of Suspended Solids. Among the materials that are expected to make up the
suspended solids are Ca(OH); (p = 2.2 glem®) or Si0; (p = 2.2 gfcm3) from the concrete and
UO,(p = 10 g/em®) or ZrO, (p = 5.9 g/em?) from the core debris or any of a variety of
aerosol materials. It is assumed here that the material density of the suspended solids is
uniformly distributed over the range of 2 to 6 g/cm®. The upper limit is chosen based on the
assumption that suspended UO, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

(9) Surface Tension of Water. The surface tension of the water can be increased or decreased
by dissolved materials. The magnitude of the change is taken here to be So(w) where S is the
weight fraction of dissolved solids. The sign of the change is taken to be minus or plus
depending on whether a random variable € is less than 0.5 or greater than or equal to 0.5.

Thus, the surface tension of the liquid is:

a

o(w) (1-85) for e <05 }
i o(w) (1+5) fore =05

where o(w) is the surface tension of pure water.

(10) Mean Aerosol Particle Size. The mass mean particle size for aerosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is

reason to believe smaller particies will be produced if a water pool is presen!. Examination of
aerosols produced during melt/concrete interactions shows that the primary particles are about
0.1 um in diameter. Even with a water pool present, smaller particles would not be expected,
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Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 pm) = -1.39 to In (2.5 gm) =

(11) Geomel > Pz : ution. The aerosols produced
during core debns—concrete mteracl.xons are assumed fo have lognormal size distributions.
Experimentally determined geometric standard deviations for the distributions in cases with no
water present vary between 1.6 and 3.2. An argument can be made that the geometric standard
deviation is positively correlated with the mean size of the aerosol. Proof of this correlation is
difficult to marshall because of the sparse data base. It can also be argued that smaller
geometric standard deviations will be produced in situations with water present. It is unlikely
that data will ever be available to demonstrate this contention. The geometric standard deviation
of the size distribution is assumed to be uniformly distributed over the range of 1.6 to 3.2. Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Aerosol Material Density, Early in the course of core debris interactions with concrete,
UO, with a solid density of around 10 gfcm® is the predominant aerosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/cm? and condensed products of concrete decomposition such as N2,0, K;0, AL;0, Si0;,
and CaO with densities of 1.3 to 4 g/cm? become the dominant acrosol species. Condensation
and reaction of water with the species may aller the apparent material densities,

Coagglomeration of aerosolized materials also complicates the prediction of the densities of
materials that make up the aerosol. As a result the material density of the aerosol is considered
uncertain. The material density used in the calculation of aeroso!l trapping ts taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 g/icm®.

Note that the mean acrosol particle size predicted by the VANESA code [6] is correlated with
the particle material density to the -1/3 power. This corrclation of acrosol particle size with
particle material density was taken to be too weak and insufficiently supported by experimental
evidence to be considered in the uncertainty analyses done here.

(13) Initial Bubble Size. The initial bubble size is calculated from the Davidson-Schular
equation:
ﬂ‘I = E[E) ....'!—. cin
x gm

where € is assumed to be uniformly distributed over the range of 1 to 1.54. The minimum
bubble size is limited by the Fritz formula to be:

D, = 0.0105 (o, /g(p,~p)I""

where the contact angle is assumed to be uniformly distributed over the range of 20 to 120°.
The maximum bubble size is limited by the Taylor instability model to be:
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2% 1-2 “State-of-the-art Repot on Nuclear Aerosols” ,

NEA/CSNI/R (2009) 5 O¥REEORBROBE

9.2.1 Aerosols in the RCY

9_3_1,1| AFCL |

The experimenters conclude that spherical particles of around 0.1 o 03 pm formed (though their
composition was not established) then these agglomerated giving rise to a mixture of compact particles
betwee in size at the point of measurement. The composition of the particles was found to
be dominated by Cs, Sn and U: while the Cs and Sn mass contnbutions remamed consiant and very similar
in mass, U was relatively minor in the first hour at 1860 K evolving to be the main contributor in the third
(very approximately: 42 % U, 26 % Sn, 33 " Cs). Neither break down of composition by particle size nor
statistical size information was measured,

9212

Further interesting measurements for purposes here were six isokinetic, sequential, fillered samples located
about 13 m from the bundle outlet. These were used to follow the evolution of the aerosol composition and
to examine particle size (SEM). Based on these analyses the authors state that particle geometrical-mean
diameter varied over the rang( climination of the first filter due to it being carly with respect
to the main transient gives the range 0.32-0 56 um) while standard deviation fluctuated between | 6 and
206. In the images of filier deposits needle-like forms are seen. Turmng to composition, if the first filter
sample 15 climinated and “below detection limit™ 1s taken as zero, for the structural components and
volatile fission products we have i terms of percentages the values given m Table 9.2-1,

922 Aerosols in the containment

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 um at
the end of the S-hour bundle-degradation phase growing to 3.5 pm before stabilizing at 3.35 pm: acrosol

size m FPT1 was shehtly lnrufr f! tfi_vf 3.5 and 4.0 pm. Geometrie-mean diameter (dsq) of particles m
FPT1 was scen to be between| (.5 and (.65 a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the lognormal distribution was fairly constant at a valuc of around
2.0. There was clear evidence that acrosol composition varied very little as a function of particle size
except for the late settling phase of the FPTI test: during this period. the smallest particles were found to
be cesiume-rich. In terms of chemical speciation, X-ray techniques were used on some deposiis and there
also exist many data on the solubilities of the different elements in fumerous deposits gving a ¢lue as 10
the potential forms of some of the clements, However, post-test oxidation of samples cannol be excluded
since slorage times were long (months) and the value of speculating on potential speciation on the basis of
the available information is debatable. Nevertheless. there is clear evidence that some elements reached
higher states of oxidation in the containment when compared to their chemical form in the circuit.
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