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Basic experimental study with visual observation on elimination of
the re—criticality issue using the MELT-1I facility (2)
— Effects of upper pressure drop in a coolant channel
and melt enthalpy injection rate upon void development behavior -

Ken—ichi MATSUBA*, Shinji IMAHORI* , Mikio ISOZAKI*

Abstract

It is effective to demonstrate a rapid and massive relocation of molten fuel from the reactor core
at an early stage of the core disruptive accident (CDA) in fast breeder reactors for elimination of
the re—criticality issue in which meaningful mechanical energy release is concerned. The purpose of
the present study is to clarify individual phenomena related to a fuel discharge behavior from the
reactor core. In the present study, a series of experiments with simulant materials has been carried
out. In the experiments, simulant of molten fuel (Wood’s Metal: density~8500kg/m?, melting point
78.8°C) is injected into a coolant channel (water—filled) simulating the discharge path (e.g. control
rod guide tube) from its side wall.

In the previous report, it has been clarified that void development leading to enhanced fuel
relocation is initiated by a sufficient reduction of coolant subcooling in the vicinity of the melt
injection site, and that an early initiation of void development is highly probable under the reactor
condition (MOX fuel/sodium coolant). In this report, dependency of void development behavior on
related parameters to the reactor condition is analyzed from the experimental data.

The following results have been obtained through the present experiments.

1. It was confirmed under a condition with high pressure loss at the upper part of a coolant
channel that coolant void is forced to develop downward up to the lower plenum located under
the coolant channel. The experimental fact indicates advantage of a reactor design with large
pressure loss in the upper part of a fuel discharge path for enhanced fuel relocation.

2. The injection amount of melt enthalpy necessary to initiate void development tends to be
constant, irrespective of its injection rate or melt/coolant mixing time. On the other hand, the
injection amount of melt enthalpy strongly depends on coolant subcooling. This tendency
suggests that initiation of void development is dominated by heat balance between melt and
coolant.

3. Void development is supported by continuous formation of vapor pressure which increases with
melt enthalpy injection rate into the coolant channel.

4. Larger melt enthalpy injection rate leads to a higher possibility of FCI (Fuel-Coolant
[nteraction) events at void boundaries which have potential to disturb continuous melt
relocation into the lower plenum.

From the above results, it has been confirmed that rapid establishment of void development over
the fuel discharge path is highly probable under the reactor condition. However, it has been
recognized that another important subject is clarification of FCls at void boundaries and their
influence on fuel relocation for demonstration of a rapid fuel discharge during a CDA.

*Nuclear System Safety Research Group, Advanced Technology Division, O—arai Engineering Center, JNC
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dt dt -

BT, DA RN TICHIF SN B 2D BMORMET S ¥V E— R ANRELE2 5 h
DI ENS, BARFYZD ORMEKILE (BERE) LT, N1 REBRICHEWBA HEE
PRELZR (Tabb, 4-1 BiThRN/=8E 3) OEEAN~,
(1) BEI I E—RAREDE

46 RUR 4-9 b, BUMEL > &)L E—RAEEOEIMTED, AEM R ROfAHEEN
BT 2HABRNTND &b 5, 28, SEOREBR CIRAMKKHEOBEEE T8 LEN
6 BEATTHY, ZOLFOHBCBNTIIRE E TR (L34) 70 ARV FRORKEED
ERE) ZEZ 2R MERIIBRINT, BEKHEOBERRIVWThOr— 21BN THEA
RSHE/D L T2,
(2) BEAY T O —ILEDEE

B 4-7 UK 4-9 21 5, A YT 7 — )VEDE Y MER2-10-12A D — A Tl Bk > 4 )L
E—HRARED MER2-10-11A O — A LD bETREVIC B ST, BA REFEEMEF LT
WS ZENOND, FEERTORIOBEREIMENT 3720, N1 REXEENEOT2 & #
EEIND, Tz, BEOFFENIVEIDEEORZVWHBHIMR T 7 2 ET 588081 B
BRERSLTUBRETIEARWN (WHWPB, Rayleigh-Tailor FEHE) 728, RA RLEBA~AY T
7 —IVRBEOBAM NI A TN, TOMBEL CEERIEMT 2R EZ N5,
(3) BHMEHDFE

48 KUK 4-9 5. T2 E—BAEENFFELVWEETH> TS, BHMENZH
DI D LA RIEREENKIBICHEINT D 2 EMbM5, Zhid. AAMEHORDICENE
SEBENRD UTZIR, TIab b RIS B LENEMLEYRICEZ2b0EEZZ 5NS,

4-4 KA FEKBETORERRE
A RIERBETORBNORLEEIILU TIORT AEICL VMEINS, Tbb. ARME
BLEMOTY T4 ZADMBICBNWTRLKEICHY TEENENECS LRET B E, REAMRKD
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AYAS N
pu’
AP =Llc 4_4
v 5 (4-4)
0=Au (4-5)

AV 7 4 AEBELTOWMET, GEMRE LBOBMO LEEEZ AV TRAD L ) KREND,

0 =S[i’ﬂ (4-6)
ar

U-0) 3. @-5)REU-6)Hh b, BA FERERTORSERIRRDO L IcR SN 5,

AP, =-p—v{§(i}ij}2 @
2 Al at
T 2T, RA FILKIBRE CORKJEDOTMIE & FRMEDILEAI 2K 4-10 1T, AREOFHEE
ERE GIERSIEERAY 7 4 REA) ZIRERRL TS, T2bDL, R4 FOILKIL,
Al & BH ORABETOSZROESA NAE LT, ZORDN—IEFIBORVEN LR
WL VEEBIESND Z &R ond,

G RO OHE LR A FIERBRE CORIM ORIEOFHMEL K 4-11 1R T, BARE
ME—DEME (400°C) ThH-oTh, BET L Z NV —HFAHE DMV EIESEMT 5 2
LRb»B, 0BT, B FERTORE L HHM OBMERNIEE LML, HEH~0 .
BRI 72 0 OBREENENT D Z LICBET A b0 LEEXOND, £O—FT, WEMY 77—
JVEERHEN (MER2-10-12A) T 3% L EAKBERENBO T HHERBRN TS, ZOEBITAE
430 Q) TR LBV Th B, '

P EDOREREND, BEMEBRA~DORMET 2 L — B AEE ORI, RA RIRHRE]
WCEtR &, DPOMBEBICO 5 RA FIERRESCHIERT LI L EMRBTE L, . &
A FRMERIND @/IETICIERT ) 72D, MR ASERRNEE R RE R R L
TWB Z bl

4-5 R4 RILKIBETORBHBITESR

4-5-1 BEAMREBEA ORGEDT

PRBHEH 28 % SHET 5 BTk, SEHEBAORA FIERZBOMFICMZ T, FLTFHS
FA~OREBITEHOMAPEETH D, FE T, BAMHRERNTORMBBITESG 2
MER2-10-14A (BAAIREE 400°C, WEMIRE 60°C) OREBRT —FIZESHOTHITT 5,
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413, & 4-14 ROB 4-15 173, BERBHEOBEDA D, R4 FIEABRICBO T, ¥
BOMBRES+150 mdk V) FHOBETAEORE (BEFH D 5 mOES TOWRE) AHREE S
LIEEORE (BEEA D 20 mOERS TORE) LY bRIBICE RoTH Y, BHKDIILIEE
400CITEDREIEL TND Z L p5bnb, D —R (MER2-10-12A) 1238V T b RS DIEE
THRE/RTND, TRDL, MEOHE EF~OBTIZENSb DO TR . FIEETFEI D
DTE T H~OREBIT IR Th ol LESI S, T, BEECT A A T OB d
O, MEEF~OREBITOZ L A LIL, RBAEGDRHSNERES - v F SRR & 6
RBICTBULILZLIZL D bOLEREND, BB, SEORBREMFITEOTIE, BEBT5E)
R D EMAY 7 4 AORBERERT BT LT, BATRE Y72 0 OB BT A
SRE & I EIM & OUHIEN ZIRGET BIER L R0, BEF—F L LT, BEKEER S
T VRFEATEHR 3ICRLTEL, LALARDL, MEBERNCORMEOEEELSNS 5B
# (REBRHDOEEIRE <, BESKBBELHZT L 5 REH) T, BELSOFY 7
A AL DETRRD - DR LB ~OBMEBITREIR XN B RSN S 5,

4-5-2 R4 FIRERTO FCl DL

RIEICRAILEBY | IBLALDr—2 (REERE 400C) TIRIKEF~OBEBITITES
TR, METHA~ORMEBIT IS 5 %2BHBER SN, Thics LT, BERE 550°C
& Lies—R (MER2-10-13A) TiX, A4 FERHLVIITHSLFA (B 2-1, THHEERE)
TOFCHZEDbD LHEES N DIHENFEL L,

IR~ DR U EE & A M DML OBIE % E 4-16, AHMREOENBEL X
41T IR, 2O —RA T, t=1.0s DREETRA RIEARBBINE LEHTE 3, Ll
BB, t=1.25 FHEBWTHEMMBEOEA BSEEIZ LR L (0 4-17), Zh e ISERBER B Y
EEPKIBIZED LTS (0 4-16), ZOBAT, R4 FIXBEKHEOD LY EF~ 50 m. TF
~ 100 mmE TR LTV PS5 (K 4-7, MER2-10-13A), LT, R4 FEEFRITEE
TO FCLIZL VA TOREREA ERBE U LHESND, S, t22.25 DEAIZB
THIMBEATOEA LR & BEBHEEOROBE LTS, ZOBSICBW TR AEMTE
BOEFBRA FIEL TR LiMEEN 5 Z &2 (B 4-7, MER2-10-13A), ZDEH BT
W7V ATOFCHZ LV BIERE Shiz L#ESI S,

BLEICHR T RS, AR 2 0 P DRI, RSB L OB A B
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515,
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%31 BEWEEEMEOTAMEED L

Melting / Latent -heat Liquid / Vapor | Heat Capacity of Therrn.a I
. o . of fusion / . e conductivity of
Material | Boiling point vaporization Density liquid / vapor liquid / vapor
o k 3 ) _
() (kd/kg) (ke/m?) (kJ/ke/C) (W/m/C)
Molten _
material .
Fuel®2 [ 2790 / (=) | 2772 / (| 8750 / (=) 050 / (-). 28/ (9
Coolant [~ _
Sodium | (-) / 881 (~) 7/ 3900 | 740 / 0.28 1.3 / 25 53 / (=)
Similarity Poor Good Good . Good Poor
1 Low-melting point alloy (Component: 60%Bi + 20%Sn + 20%In)
32 Mixed oxide fuel (Component: 80%UO,+ 20%Pu0,)
= o A2 — BEE
K32 HRFHEDO—E
Experimental condition
Experimental Setting of an orifice Initial temperature bPr:vsvsure diflftereizice Melt pressure Coolant Melt-injecton
tag number plate in the upper part of melt /coolant © ! sen meh and at the injection | pressure™ | duration
f the coolant channel [°Cc] coo EQE at the injection point [MPa] - [MPa] [s]
° point™' [ MPa]
MER2-10-6A Yes 400 / 61 0.1 0.2 0.1 3
MER2-10-7A Yes 407 / 62 0.3 0.4 0.1 3
MER2-10-8A Yes 400 / 64 0.2 0.3 0.1 3
MER2-10-9A Yes 400 / 64 0.1 0.15 0.05 4
MER2-10-10A ‘ No 400 / 54 0.1 0.15 0.05 4
MER2-10-11A’ Yes 400 / 60 0.2 0.3 0.1 3
MER2-10-12A Yes 400 /45 0.2 0.3 0.1 3
MER2-10-13A Yes 550 / 60 0.2 0.3 0.1 3
MER2-10-14A Yes 400 / 60 0.2 0.3 0.1 6

31 Intentional value
%2 Cover gas pressure {(absolute value)
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Midplane

Liquid level meter

1. PR R IR D EERKE
> BERRIRE—I | SRR O s
T AR, BHOSALORER

2. BRE D WEARE
> AHPMRARHERICKDREFTHORE
1 R - T — LN TOFCIEE

3. BEHR R ZE L TORMBAT
> MR AZE (RARRR) O
T RHEEZ 8. RARANEREH EDFCIES)

4. HEHETOBRHORE R
> BB DI T FEREY O T
T FCUZ L BBH T FEE),
BBEE~D S EECEEE

 mmwE

B AX : Wood's Metal
($A FZ[Bi: 60%+Sn : 20%+In: 20%],
Bl :78.8°C, [ ~8500kg/m®)

3 A ok

O

E
?

Orifice (¢ 10mm)

@ LEpisESR (BRE 150mm X 150mm, & X 744mm)

@ ALK (BTES0mm X 50mm. & < 1000mm)

@ afkKBn (REomm)

@ TEWEES (BFE150mm X 150mn. = & 544mm)
® NA/RRFE (R7E23mm)

® ERREL

@ BEEXEE

AR NEAER

@D EHit

2-1 HEREE
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C C A
oL ind )
ot 1f |\ r i
1 &{_——— _.
20m_m> < QT
i€ -
TC-2 1= Tc—12mi_§ “ Rait
) TC-14~ |~ o BRERIEME -
mm
> <——> < 10mm TC-7 ’ :}:8—}2:'_ C_CEE
TC-3 = | TC-8  Te-17_| .
1 27768 T8~ sy | meuds | | sy | mopEs
= TC-10 ° TC-1 +4350m TC-13 +250mn
=—\_T|_c—1 T toee | TC-2 +261mm TC-14 +250mm
Toa C-12 ye-20— [ TC-3 +87mm_ TC-15 +150m
TCc-21_1 TC-4 -87mm TC-16 +150mm
TC-227 [ Tc-5 —261mn TC-17 +50mn
TC-23_L TC-6 -435mm TC-18 +50mm
To-5 - TC-24 1 TC-7 +30mn TC-19 -50mn
TC-8 © +20mm TC~20 -50mm
TC-9 +15mm TG-21 ~150mm
TG-10 +10mm TC-22 —150mm
TC-6 4 TC-11 -10mm TC-23 -250mm
TC-12 -15mm TC-24 —-250mm
AZR BX1R X MR OO i A0S IERE

B 2-2 AHHRBADOBHREHOESTFAIE

BRI ARMYTO—LVEORD GBS AMHRIFOEX BB L

- -
CON R o1
. -

00 05 07 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

+500

+250

Axial location [mm]
o
|

-250 —

=500 —

Time after valve opening [s]

H4-1 BREENETFANASTRELEAIMABOEEEHE
(MER2-10-11A) -
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B/E L EfE2 - EFE3 N

70 =
3 [=]r [=Je2s
© 6.0 | S :
S 5 #131,
> 4.0 / A il -
c . Y ;
S / W Wl
S 30
5 .E /
-% 20 /
L 10
g 00

0.20 i i

lemib -87mm from melt—

Qo 0.15 injection point L]
j -
3
a 0.10
s '
= % 0.05 | ' S
)
. M/
S 0.00 Py
(=) - A v
o o
o -005

-0.10 -

00 02 04 0.6 08 10 12 14 16 18 20

Time after valve opening [s]

4-2

AE TR AN DR R R EE &S A E I DR RE

(MER2-10-11A)

Bl BE 8523
120 r
® +10mm from melt- / ',-./J
5 100-H injection point oo™
3 /__\,J ~ =
g 80 7 7 ek
o OO 60
b
£ 40
9
)
20 -
8 :Eljm
0
0.0 02 0.4
500 + ! : 7 :
O  Upper-void boundary . 2 5
] 00 Lower-void boundary | ; A ‘ :
c 250 . " . R I remeeneeens e -
.0 ] : : : E’//: : : :
+ : : e : . ; :
S ] : o : | : | :
2 E e R ‘ﬁl“‘“xm\ﬂ o A N
© : ) : 3 : : ' : :
>SN U N R RO S
<  -250 - s e o i SRR NI IR e Beee o Do -
i : : : : R : : . L
. : : : A : : :
: i 5 P b : : f
~500 —rrrrrrrer e e E—— S — S O N RN
1.0 1.2 14 1.6 1.8 20 2.2 24 26 2.8 30

Time after valve opening [s]

4-3  BUAIE DEEOSEMRE & SEIMARA FIEROEE

(MER2-10-11A)
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BETBE2 BRI REREELE

120 % +15mm from melt~
00 A.I/ \ injection point
: " -~ MN\NW\“
v o’
120 ]
™ +87mm l
100 \f \
[ pu |
S w
2 60
3
=,
©
i 40
()]
g' 120
© -] |+435mm|
F 0o I \\
o / N
/ Ny
20
c0.0 10 20 30 40 50 6.0

Mixing time up to the beginning‘of

void development [s]

Time after valve opening [s]

BIEBE2 B3 RkRHSE

120
" /f/\/“‘\ . [ =15mn |
100 ¥
S N L
A al
40
120
100 "V/ /\/JJ\ \ -2
S J
o 80
o j'f V‘\_fv/
‘3- 60—
a3
S o
5 4
o
g 120
'_‘_‘3 - M*/\ |—435mm|
%o 10 30 40 50 60

Time after valve opening [s]

K 4-4 SEHFHBEDOEE (MER2-10-11A)

Tm: Melt temperature . . p Upper orifice
ATsn: Coolant subcooling T.(CY AT, (°C) (MPa) N y
P_: Coolant cover pressure (absolute value) ° es
Upper orifice: Setting of a ¢ 10mm orifice in the 400 /~65 0.10 u

upper part of the coolant channel 400 /~55 0.10 [}
80
Tt : 5 : 400 /~40 0.10 ® O
550 /~40 0.10 o
25 400 /~20 0.05 A A
20 [ Total enthalpy: 171kime182k —romorrb R S— S ]
MER;-ID—HA
.05 L R N
00 b
0 50 100 150 200 250 300 350 400

Injection rate of melt enthalpy [kJ/s]

(assuming the equiliurium point to be an initial coolant temparature)

45 HEHRA RIEABIA S TORG & AHHORARR
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Tag (MER2-10-%%) 6A 8A TA 13A . .
Tm [°C] / ATsus [°C] {400 /~40|400 /~40{400 /~40|550 /~40 . Tm: Melt temperature
dQ/dt [ki/s) 72| 119 138 185 | ATse: Coolant subcooling
- g " dQ/dt: Injection rate of melt enthalpy after the
Upper orifice Yes Yes Yes Yes .. . -
beginning of void development
Upper—void boundary & a A 0 Upper orifice: - Setting of a ¢ 10mm orifice in the
Lower-void boundary| - € n A ® . upper part of the coolant channel
500 g ——s : -
1
/ L aniN
7 P2 i I
/ - R
/ Lot Lol
» g D | o
E )b /. el H IP
7{ VA i [ &
= s VP
L / . . Y y
= gn! TR A
5 ;4 AT
'_'j e e '\'7; - »
g 0 ai 2 -1:?. --------------- -
- . )
(=] AN )
= W, _
8 A
x * A
< L
Y
[} )
1Y
VoG
Vb
|\ 4w
! ' 3
-500 P N N N . A
0.0 10 20 30 40 50

Time after the beginning of melt-injection [s]

B4-6 AEHRAFIEREBITHT SRATSIE—BARE O

Tag (MER2-10-%%) 1A 12A
Tm [°C] / ATsuw [°C]- |400 /~40[400 /~55
dQ/dt [kd/s] 144 151
Upper orifice Yes Yes
Upper—void boundary O (]
Lower-void boundary @ ]

500

Tm: Melt temperature
ATsub: Coolant subcooling
dQ/dt: Injection rate of melt enthalpy after the
beginning of void development
Upper orifice: Setting of a ¢ 10mm orifice in the
upper part of the coolant channel

Axial location [mm]

-500

4-7 SH#R

0.0

1.0 .

.20

.30
Time after the beginning of melt~injection [s]

A REEREB 3T 2 8HHY T & — L ED RS

40 50

— 17—
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Tag (MER2-10-%x) 9A 10A 6A
Pc [MPa] 0.05 0.05 0.10 Pc: Coolant cover pressure (absolute value)
Tm [°C] / A Teub [°C] |400 /~20[400 /~20/400 /~40]  Tm: Melt temperature
4Q/dt [kd/s] 20 81 7 ATsuw: Ct?olar\t subcooling
- e dQ/dt: Injection rate of melt enthalpy after the
Upper orifice es No Yes ' beginning of void development
Upper-void boundary| O A O Upper orifice: Setting of a ¢ 10mm orifice in the
Lower-void boundary| @ A [ ] upper part of the coolant channel
500 — —
3t
n \)
= ¥
£ \ \
— 5
c N
S A
5 . X
S L B A S 7
o !
= A
.o
3
<
/o
-500 L - ' : f .
0.0 1.0 20 30 " 50

40
Time after the beginning of melt-injection [s]

B 4-8 BEIHMARA FIEABEICHT 28K EHDFE

Tm [°C] / ATsuw [°C] {400 /~40[400 /~55/550 /~~40}400 /~20{400 /~20] Tew: Melt temperature
P. [MPa] 0.10 0.10 0.10 0.05 0.05 ATsus: Coolant subcooling
Upper orifice Yoo Yes Yos Yoo No Pe: Cool?nt cover p_ressure (absolute .value.)
Upper orifice: Setting of a ¢ 10mm orifice in the
Symbol d A u * < upper part of the coolant channe!
3.0 T T T T " T i j ) ! J
"o 25 L ]
\E ]
| S—) MER2-10~-13A
2 20|
1]
.
FE)
C
GEJ 15 -
s MERZ?H)—HA
[¢) Mere-o-14n @
© i
s 1.0 L MERZSIOSIA. AL . . |
[4) MER2-10-12A
o ® :
"IO ; MER2-10-8A
'6 0 5 [ MER2-10-9A !
> ' [~ . MER2-10-10A
® : :
0.0 e MERA e e
0 50 100 150 200

Injection rate of melt enthalpy [kJ/s]

(assuming the equilibrium point to be coolant saturation temperature)

®4-9 AEHRA RIEARE
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MER2-10-6A MER2-10-7A MER2-10-13A
250 i 250 et 200
: ‘ -

I—E'l 200 o+ wodereninins E‘ 200 :. rE

= : &= 1 =

P § o —_ T }
o 150 wrrenss -§ 150 frereree -§ :

3 I . 2 100 :

- 100 -~ wrrenes - 100 { - E H

3 /N B / ! !

] §Q e /71 .t ] f = I :L(u

0 """‘”"'"“., :\. 0 gl O SO - S AV
; ol Y
. 0.15

3 0.15 E _
% o0 = 010 & 020

[] [} 0y — - .

g 005 g 0.05 i _ % o i &
7] " 0 1 2 \
8 000 ; o 000 —t 3 .

a | = £ 0001 :

-0.05 —— -0.05 AP~0041MPa] o “ i
IAPV~0.004MPa ] \ | 4.P,~0.066MPa|
TR IR R -0.10 YI | i
20 3.0 40 0.0 1.0 20 04 06 08 10 12 14
Time [s] - Time [s] Time [s]

B4-10 KA REXBETORSIEDTMIES EAED HEH)

Tm [°C] / ATsu [°C] {400 /~ 40400 /~55]550 /~40|400 /~20] Tm: Melt temperature
P. [MPa] 0.10 0.10 0.10 0.05 ATeuw: Coolant subcooling
Pc: Coolant cover pressure (absolute value)

U ifi Y Y Y Y
ppr o= ‘es i = = Upper orifice: Setting of a ¢ 10mn orifice in the
Symbol A n * upper part of the coolant channel
6.10
E 3 . g
e B.08 oo e e i
Y L . 4
e}
i) | |
g D“.; L . B
031101 J U SOV OU OO SOTS SO USDUE SO MERZ-10-10A |
Z= _ .
o8
e I
3 > MERZ-10-TA 1
= 004 oo RO OPUOURUNE VOGRS SRRSO RPORP
) i
v o= @ BER2-0-11A
S o MER2-10-14A : .
1 g 3 H -
[o] MER2-10-8A p
- IO U VU PO ORI FORPPUURPOTRPRNUPTIPRPRTRPRPRUPPOE U5.pouhe-ikie eSO A e |
% 8 0.02 I » MER-10-12A |
> 0 MER2-10-9A H
r @ MER-10-5A i
000 b v i
0 50 100 150 200

Injection rate of melt enthalpy [kJ/s]

(assuming the equilibrium point to be coolant saturation temperature)

B 4-11 KA FIEXKBETORSEDFME
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- MER2-10-14A

4,3/ f‘ "‘#mngﬁm@
I
| .
|

1.0 _J A'A,‘

=]

Melt-injection velocity
[m/s]

MERZ-10-14A

[=Juet

o

=3

o
e
L]
k
=

A,
1.0 20 30 40 50 60 70 8.0 2.0 100
Time after valve opening [s]

4~12 BEMRBNORMEI LIEE L) fﬂ#&ﬁﬂ%@&ﬁ@%ﬁ
(MER2-10-14A)

Water—surface level
[mm]
2 8
(=] (=3
|

8 8
(=T -
s

o
o2
o

BIE1 8i2
- . MERZ-10-14A |5_f_r—n'1—'
htad I tl'l;gn:;ha?mel wall
-+250mm from gmmm from
2301 melt~injection point the channel wall
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Experimental condition (Injection diameter ¢ 10mm) Resuit

Experimental

tag number | UBPer 7/ 161 | AP MPal | P, [MPa] | At[s] Mmﬁé /As]tmfx "{';;t]a' d('\jg::}"z f’
MER2-10-6A | Yes | 400/ 61 0.1 0.1 307 | 1.61/177| 263 0.86
MER2-10-7A | Yes | 407/62 | 03 | 01 |.314 |176/073] 890 | - 2.83
MER2-10-8A | Yes | 400 / 64 0.2 0.1 307 | 1.76 /085 | 6.60 2.15
MER2-10-9A | Yes | 400/64 | .01 | 005|397 1777167 | 340 ' 0.86
MER2-10-10A | No | 400/ 54 0.1 0.05 347 | 191/163| 385 1.11
MERZ-10-11A | Yes | 400/60-] 02 | 01 .| 288 [172/069| 695 | 240
MER2-10-12A | Yes | 400 / 45 0.2 0.1 313 [ 286/092| 974 3.11
MER2-10-13A | Yes | 550/60 | 02 | 01 | 812 | 1.04/050] 880 2.82
MER2-10-14A | Yes | 400/ 60 0.2 0.1 5.28 | 1.80 / 0.71 15.60 295

Upper orifice: Setting of a ¢ 10mm orifice in the upper part of the coolant channel

T,/T.: Initial temperature of melt/coolant

AP: Pressure difference between melt and coolant at the melt—injection point (intentional value)
P.: Initial pressure of coolant cover gas (absolute value) :

At: Melt-injection duration (estimated from HSV images )

At,;: Melt-coolant mixing time up to the beginning of void development

Muix: Mass of melt mixed with coolant during At,;, (estimated from melt flow rate)

M;: The amount of melt injected into the coolant channel (estimated from debris)

dM/dt: - Average melt injection rate

AT,,: Coolant subcooling
dh,/dt: Void development rate
¥ In MER2-10-10A case only, no orifice is set in the upper part of the coolant channel.
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w2 O MER2-10-6A: ATeuws=40[°C], dhv/ct=0.18[m/s]

o @ 1] O MER2-10~7A: ATa=40[C), dhv/dt=0.89[m/s]

-7 40 [ N MER2-10-8A: ATew=40[°C], dhu/dt=0.72[m/s]

£ 5 . MER2-10-9A: A Taw=20[°C], dhv/dt=0.76[m/s]
Q I .

S & [| ' MER2-10-10A%: A Tew=20[°C], dh/dt=0.58[m/s]

0.8 99 || V MER2-10-11A: ATus=40[°C], dhw/dt=1.50[m/s]

o o > MER2-10~12A: ATau=55[°C], dhv/dt=1.25[m/s]

2’ < MER2-10-18A: ATa=40{°C], dhv/dt=2.27[m/s]

p | A MER2-10-14A: AT.w=40[°C], dhv/dt=1.12[m/s]
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