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(a) Coarse-mixing vapor explosion (b) Base-triggered vapor explosion

Figure 2.1.1 Classification of vapor explosion based on contact mode
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Figure 2.2.1 Experimental apparatus of coarse-mixing vapor explosion
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Table 2.2.1 Experimental conditions in coarse-mixing vapor explosion

Parameters Legend Unit Value
Molten metal - - U-Alloy95
Initial temperature of molten metal T, °C 200, 300, 400, 500, 600
Initial temperature of water T, °C 30, 50, 60, 70, 80
Mass of molten metal m g 3
Falling distance of molten metal H mm 150

Table 2.2.2 Properties of U-Alloy95 and Sn

Properties (25°C) Legend Unit Value
U-Alloy95 Sn
Density P kg/m?3 9840 6980
Specific heat Cp kJ/kg/K 0.15 0.242
Thermal conductivity A W/m/K 15 33.5
Thermal diffusivity a m?/s 0.102x 104 0.198 x 10-4
Viscosity r Pa-s 26x%x10°3 1.91x 103
Surface tension y N/m 0.544 0.544
Melting point T, °C 95 232
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Figure 2.2.2 Experimental apparatus of base-triggered vapor explosion
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Figure 2.2.3 Test section of base-triggered vapor explosion experiment
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Table 2.2.3 Experimental conditions in base-triggered vapor explosion

Parameters Legend Unit Value
Initial temperature of molten metal T, °C 200, 300, 400, 500, 600
Initial temperature of water T, °C 10, 20, 30, 40, 50, 60, 70
Mass of molten metal m g 3
Falling distance of molten metal H mm 30
Diameter of hole D mm 5,10, 20
Water depth L mm 2,10
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Figure 2.3.1 Classification of flow velocity measurement with image processing



< PHATEREI A AR BRI & FEOY, SREER Y bV AR LW EE AR AR LT\ D, 5 2 |
BRICHWT, 1 R CHBIRE S U CED TR i b IE VI A . MATfE e L CRE
L 78I D 72 237 BFEER B A VTR, = OO 72 7 THERE D K b & < 72 HALE
DB OB E S Th D LIRES L, HEXY MAREHIND, ZOEE~XY MVEHTFIA
ZRICE S TRTELUTOL YT %, Eid 2 2 MOEBKRD 5B % 1 EERIZENT p Azh
DT D nxXn OFERE LY, ZHNEF 2 WL O THAMBIRER, (k) Z3HHT 5, ThT
NOERICIIT DHEEME £, g . nXn OFEIRICEIT 2L [ g &T5 8%, HAEMER
IR TRATE 5,

2

S -7le -2

= 2.3.1)

071 Sle-7 ]

i=1

ng(k’l):

BRI DB - & b RE WA gk, L), THRDOBEDAN p Likb L BITWDEATNE 1 H
BoOBESELEEZ D,
%] 2.3.3 12 KFEHT TR PIV TS A7 LA OWE LY R4, "N A —FRAI AT L 0ELNT

2 BB RMICEE: L7 —HOF X VEE A RN L%, PIV BTY 7 h o =T

[VISIFLOW ] Z MW T3 2, O &ICkY, g L7z 2 OB T — & 2 6 H S E
B ZENTE D, AT THWZE®G - SR @) (387 vWEETHY |
MNFOEBPE 7 EVRE H D5 E THIVTHEDO ROV 0MTA Db D L& X D,

© Search area
O ® O ‘
@,
Correlation area
O
© lle
1 Correlatign area
@)
© @)
@) @
O e © o
Image O (t = t,) Image 1 (t = t,+At)

Figure 2.3.2 Principle of cross-correlation PIV
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Figure 2.3.5 Outline extraction of molten metal by image processing
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Figure 2.4.1 Experimental results of coarse-mixing vapor explosion
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Figure 2.4.2 Observation images of coarse-mixing vapor explosion experiment

(U-Alloy95: 100°C, 3g; Water: 23°C;  Falling distance: 150mm)
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Figure 2.4.4 Observation images of coarse-mixing vapor explosion experiment

(U-Alloy95: 600°C, 3g; Water: 20°C; Falling distance: 150mm)



X 2.4.5 1%, EBREZIZEI SN B OGEE | Bl ARS8 ORI, ftihic g HKIR
Heolt—EE L ORLE, BRUBRENREAE LIIBERMEOBECY) & IR TR Lz, RRE%R
DSFEAE L 72 o TR FE SR O B b \m¢%¢hbfwéﬁﬁﬁb<ifﬁ TEEL&ICREL
LTCWAD7D, EENE mmBEOH & L CELT D2 s S iz, 242D X512, KD
PRI U CHa e B IR MRV IGA T i.m%i#/3®$®i9&WﬁT%oﬁoit\ﬁ
SUBFEDNIEA LIRS BT 10 — 107 um B OFR D THIAN VRIF 23R St

242, NR—ZA M) HERBHRERGER

4] 2.4.6 1% U-Alloy95 % FV 72— N U 2588 525k D SEBR S 5 2 Mt | R AR . Al

R OFIIKIE L U R LTz, @IEFRRUBRMNIAE LIIRESM. AXRKBERNREA Lk
STRESFEZR LTS, £70, T OEBEOEWVCL ST, KzEVORROENEZRLTH
Do VEBMIREEDNE L& 400°CLL LD 2 /KIEA 60°CLL T OHIPHIZ I\ CTRKUBIE NI AET D E M
WZh ol

B 2.4.7 1%, ZARRUBRDPRAE Lo T BUIEFITh 5, FEBRSEMIE, /KR 40°C, U-Alloy9s
2% 400°C, 3g. Hole 2IR2Y ¢ 20X 10mm, /KIE2S 10mm, ¥4 FHEE 30mm TH 5, X 2.4.7(a)i
TANEZ va MlE» S OBBEE®R TH Y K 2.4.70b)%, Kili NS OBHEIE®RTH D, A
4 S AN K 07 10mm (ZALE L= %% 0.0ms & L. & ORISR OREZXF LT

50mm

D Vapor explosion

Initial temperature of water (°C)

400

Initial temperature of metal (°C)

Figure 2.4.5 Solidified metal of coarse-mixing vapor explosion experiment

(Falling distance: 150mm)



%o I D6 OBERIZ IV TIE, WREBESKTICAL Z EI2XY ., FEENS S LIl
81 L D IRFER R DB L > CKIEMIR L EIF ST B DR RS S Av7-, IR B
MO OBMERIZIB T, RITH 7255372 Hole DF W KTZED THhDH, £ L TKIZEDNE
D BAFITAKRPIRENTE L TWDESZR L, BSE LTWD & 2 ARG BRI I HE
LCWDEDCThH D, KHFIZA S T2 IREE R A 26ms ICBWCTRAENIZE L, T O%KIKHE & IRm4)E
DOENCAKZ 8T vy T LRBRPOREZE > TWSHRTF BRI N, £O T vy 7 SIKITH L
<L Tz, X24.7(0)F, ERBICERENZFEMOEETH S, ()XEY Lokt
THY., ()IEBICEL TWEEHOEFTH D, SFIBIRE LT \mkiw@¢%:%FLk

WS ENRmICEZE L, BAICAN>T-L 972 FR—=FYIRE LT\, £7-. IZEEL TV
THEHRD L, 2'%@’< EANELFELTNWDZ ENbND, Ty Fﬂ%# ﬁ%%oflﬂ
CBRRICAFFRIIRZAE NSy LTV L 2R T AR TH S,

l24&iﬁﬁ%ﬁﬂ%;éhhﬁ@%%f%é;ﬁ%*#imm#MCIMWW%ﬁwmc
3g. Hole JEARAS ¢ 20X 10mm, KZEAS 10mm, 7% FEEHEDS 30mm TH 5, ¥ 2.4.8() T A &7
Ta Ml b OBIAIEER TH Y | [X2.4.80b), K FEBH O OBINEGR TH 5, FREeE S
23K EJ7 10mm | u%Lt#WéomB&L W OBLNEE OREZNIFEH LT\ 5, i)
O OB ERIZ IV T, ERAIE DS 26.2ms F TIIKP 2 LR L TV & | 27.8ms (2368 TR
D ERVIZ TS, 29.4ms TIIKEEMBED LA~ L S RERSE T DR SN, Eiusxt
LC. Rl FEB2 S OBIRIERIZIHB T, 26.2ms F CIIIARA B R E 2 R~ 128> TV ERT

® Explosion(® 10 X 2mm) /N No explosion(¢ 10 X 2mm)

® Explosion(¢ 10 X 10mm) /A" No explosion(® 10 X 10mm)
o YAN
o JAN

Explosion(® 20 X 2mm) No explosion( ¢ 20 X 2mm)
Explosion(® 20 X 10mm) No explosion(¢ 20 X 10mm)
100 ———— T T T T T T T T T T T T
o
— 80 | ]
~
e AN AA AN AA
© A AN
§60&l PN N A{A re, ]
o AN /@ /'@ AA
>
T 40 N NEA NEA A ]
5 A P o,
Q.
£ AN AA /9 o
T 20 M LA & ¢ ¢ §
c [ AN AN VN /'@
0 I | I S T S T | I S T T S | I S S T T | IS S T T
200 300 400 500 600 700

Initial temperature of molten metal, T (°C)

Figure 2.4.6 Experimental result of base-triggered vapor explosion
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Figure 2.4.7 Experimental results of base-triggered vapor explosion

(U-Alloy95: 400°C, 3g; Water: 40°C; Hole: ¢ 20X 10mm; Water depth: 10mm)
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Figure 2.4.8 Experimental results of base-triggered vapor explosion

(U-Alloy95: 600°C, 3g; Water: 40°C; Hole: ¢ 20X 10mm; Water depth: 10mm)
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Figure 2.4.9 Photo of solidified metal in base-triggered vapor explosion experiment

(U-Alloy95 : 3g; Hole : ¢ 20X 10mm; Water depth : 10mm)
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Figure 2.4.10 Photo of solidified metal in base-triggered vapor explosion experiment

(U-Alloy95 : 3g; Hole : ¢ 20X 10mm; Water depth : 2mm)
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Figure 2.5.1 Interfacial behavior at coarse-mixing vapor explosion

(U-Alloy95: 600°C, 3g; Water: 20°C; Falling distance: 150mm)
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Figure 2.5.4 Bottom position of molten metal during free-fall
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Figure 2.5.6 Interfacial position and velocity of molten metal on floor at base-triggered vapor explosion
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Figure 2.5.7 Interfacial position of blowout behavior at base-triggered vapor explosion

(U-Alloy95 : 600°C, 3g; Water : 30°C; Water depth : 10mm)
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Figure 2.5.8 Interfacial position of blowout behavior at base-triggered vapor explosion

(U-Alloy95 : 600°C, 3g; Water : 30°C; Water depth : 2mm)
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Figure 3.1.1 Schematic of experimental apparatus for small scale vapor explosion
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Table 3.1.1 Experimental conditions

Parameters Legend Unit Value
Molten metal - - Copper (m.p.: 1083°C)
Initial temperature of molten metal T, °C  1200-1600°C
Diameter of molten metal droplet D mm 6
Coolant - - Water

Initial temperature of coolant T, °C 5-70
Falling distance H mm 500
Weber number  We - 3.5x102
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Table 3.2.1 Effect of molten copper filament growth on spontaneous vapor explosion

Stable film boiling

Spontaneous vapor explosion
P P P (No explosion)

Filament 28 cases 1 case

No filament 1 case 5 cases
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Figure 3.2.2 Schematic of filament growth and vapor film condensation
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Figure 3.3.7 Schematic of filament growth model caused by vapor bubble condensation

Table 3.3.1 Calculation conditions to evaluate filament growth at vapor bubble condensation

Parameters Legend Unit Value

Diameter of high-pressure vapor bubble D, mm 0.1-1.0
Distance of vapor bubble to molten copper interface H mm 0.05-1.0
Condensation heat transfer coefficient h W/m2/K 104 -108
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Table 3.3.2 Condensation heat transfer coefficient in existing experiments 1%

Condensation heat transfer coefficient

Authors (W/m2/K)
Kamei-Hirata 2x104
Bankoff-Mason 0.73-16x 105
Grassman-Wyss 6.0x104—1.0x 105
Brucker-Sprrow 0.6 -25x10*
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Vertical distance from origin of filament growth, y (mm)

Interfacial velocity of filament tip, v (m/s)
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(b) History of vapor bubble diameter and interfacial velocity of filament
Figure 3.3.8 Behavior of molten copper interface at vapor bubble condensation

(Dv = 1.0mm, H = 0.5mm, 4 = 10*W/m*/K)
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(b) History of vapor bubble diameter and interfacial velocity of filament
Figure 3.3.9 Behavior of molten copper interface at vapor bubble condensation

(Dv = 1.0mm, H = 0.5mm, 4 = 10°W/m*/K)
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(b) History of vapor bubble diameter and interfacial velocity of filament
Figure 3.3.10 Behavior of molten copper interface at vapor bubble condensation

(Dv = 1.0mm, H = 0.5mm, & = 10°W/m?¥/K)
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(b) History of vapor bubble diameter and interfacial velocity of filament

Figure 3.3.11 Behavior of molten copper interface at vapor bubble condensation

(Dv =0.5mm, H=0.25mm, 4 = 10°W/m*/K)
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(b) History of vapor bubble diameter and interfacial velocity of filament
Figure 3.3.12 Behavior of molten copper interface at vapor bubble condensation

(Dv =0.1mm, H = 0.05mm, 4 = 10°W/m*/K)

Diameter of vapor bubble, D (mm)



o o o o o o
(&) EN w (N SN o

o
o))

Vertical distance from origin of filament growth, y (mm)

1000

100

-
o

—_—

Interfacial velocity of filament tip, v (m/s)

0.1

|
w

(b) History of vapor bubble diameter and interfacial velocity of filament

i 27.8 us ]
[ R T N 1 Ll ]
-2 -1 0 1 2 3
Radial distance from origin of filament growth, x (mm)
(a) Interfacial shape of molten cupper
T T T T T T — 1.2
\’ r fva 1
_ Por bUbb/ ]
a Y ]
C 40.8
L . -
. \ {06
L Interfacial velocity . ]
[ - - - 104
i 102
L ]
L U S ST SO SO S N PR PR U I S W W1 00
0 5 10 15 20 25 30
Time, t (us)

Figure 3.3.13 Behavior of molten copper interface at vapor bubble condensation

(Dv =1.0mm, H=0.75mm, 4 = 10°W/m*/K)
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(b) History of vapor bubble diameter and interfacial velocity of filament

Figure 3.3.14 Behavior of molten copper interface at vapor bubble condensation

(Dv = 1.0mm, H = 1.0mm, /= 10°W/m¥/K)
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Table 4.1.1 Experimental conditions in the case of salt solution

Parameters Legend Unit Value

CaCl,, LiCl, NaCl, MgCl,, KCl,
LiNO,, NaNO,, Li,SO,, MgSO,

Solution - -

Concentration of solution w wt% 0, 10, 20, 30, 40
Initial temperature of coolant T, °C 80
Initial temperature of solid sphere T, °C 600, 700
L

Immersion depth of solid sphere mm  0.5D (=15 mm)




Table 4.1.2 Experimental conditions in the case of nanofluid

Parameters Legend Unit Value
Water

Coolant - - AlL,O, nanofluid(A)"
Al,O, nanofluid(B)?

Concentration of nanofluid w wit% 0-15 (0-5 vol%)

Initial temperature of coolant T, °C 80
Initial temperature of solid sphere T, °C 700
Immersion depth of solid sphere L mm 0.5D (=15 mm)

1) prepared from powders, 2) commercial slurry

Table 4.1.3 Thermophysical properties of Al,O5 nanofluid *

]

Concentration of Thermal Kinematic Surface
Al,O, nanofluids conductivty viscosity tension
(vol%) (W/m/K) (mm?/s)  (mN/m)
Deionized water 0.60+0.0067 0.8900 67.7+x1.2
0.001 0.61+0.0067 0.913 67.0+0.2
+0.0098
0.01 0.62+0.0110 0.903 47 .6+1.1
#+0.0002
0.1 0.58+0.0133 0.922 40.9+0.3
+0.0016
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Figure 4.3.1 Successive images of vapor film collapse behavior
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Figure 4.3.4 Frequency spectrum of contact signal between solid sphere and 30wt% CaCl, solution
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Figure 4.3.6 Surface temperature and vapor film thickness during film boiling
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Figure 4.3.9 Schematic of vapor transition into atmosphere
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Figure 4.3.10 Surface heat flux equivalent to vapor transition into atmosphere
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Figure 4.3.14 Effect of solution concentration on quenching curve
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Table 4.3.1 Comparison of experimental conditions between present experiment and existing

experiments
Present Matsumura et al.l#2] Takigahira et al. [43]
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Concentration of solution (wt%) 0-40 0-5 0-40
Subcooling (K) 20 20 20
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Figure 4.3.20 Successive images of vapor film collapse behavior
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Figure 4.3.21 Quenching curves and contact signals between solid sphere and coolant
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Figure 4.3.23 Effect of Al,0O3 nanofluid concentration on surface heat flux
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J TR X 53, mENhRR TR S RIERBROMEA 2R Lz,

4325 X AHEBENOHEONT 7 2o FREARAMBEEIZXY LT ey FLEKTH 5,
ﬁ%i ZINENOBHAMICH L TR 2 FRELEETHH KO = FIREDET

D, D LBV THD,

AT, =T, -T, (4.3.13)
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T AIZENENDOBHMIIK T D57 2 FRETH Y | Tysier 1EFEME L 2 D KDOGED 7 = F il
Efz@;éo Tbb, AT,=0 ThDHZ LI, KEFLIZZ U FRETHLZ EARLTWD,
ZRIN LT EIR & L C CaCly KSR & LiCl AKEHR 27 L7223, M & bI/KIEIRIRE OH K & &
By = FRENEE I ERT A2 E2RT, TSR LT, ALO; T/ WiikiX., T/ WiikE
LR TELDZEH Db 0D 7 = U FIREICH T 2BERERIIR bNRhoTe, T/ K
WCBWTIZ 2 FRENTLODETWVERKE LT, 7o FRIFETOT JRi+38h03bd 5,
AN 1T 301 T D RIS B Tl BEREEAE 50D oD K 91T, B R B R e < %2
E LB SR SN TWA EEZXLND, LNLAERL, 7= T UEHEOKEEE 2B
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Figure 4.3.24 Comparison of quenching curve between CaCl, solution and Al,O; nanofluid
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Figure 4.3.25 Effect of Al;03 nanofluid concentration on quenching temperature
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Figure 4.4.1 Schematic of evaporation experiment at room temperature
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441 ITRFEBRSGMF AT, AT, FEHEL 725 KDIENNT, MK E LT CaCly K¥EH, LiCl
K, T/ R E LT ALO; T/ Hiiik & F e, AKIEIRIREE R L OV /7 SRR RS 1L, fafniafiz
FERL T O A2 B L C. ZE L CERATRERIRERIH 2RI L=, BEAMOERIL, KD
I Lo TRKIEIRST /TR OREEAL IS <, K TH S%UNOEicE EE b 2
LEBELT300g & Lz, WTAE——%RE LCEREIL SREESRETTHY, BERD
TR FE I RIEIC X O T AL ET 25T 28 IR LT,

442 ZEEBERLGLUVIZER

442 X, KEROYIEE BTk 2 BIEAEF &EIE ORI Z (b . KERIRE ISR L TR
L7, X 4.4.2(a)l% NaCl KIAHE, X 4.4.2(b)i% CaCly KK, X 4.4.2(c)iE LiCl /KIAR DA % 7
LTCW5, PIHIKRIEEEE my. HOWRANCBIT DKL E m & Lz e &, fitlho BRERRE
BEACIRAUC L VRO,

m

=1- mx (4.4.1)
0

NaCl KIEHE DS E . KEEHIREOHEKIT & b 7o TRIEEN D . D F D QR IC I 1T 5758
DR BUCHIHI S D Z & Ao To, R OMENT KERIRERm < R DIEEWETH -7,

CaCly KR D6 . NaCl /KIRIHK & RERIZ KSR EE O RIZ & b 70 - TR HEIZ BT 57858
DS S DM &R LTz, AKREEIRIREED 30wt% D & EITIIARIC L 2E BB NBIZEAEAET
R ole, S BITKEHRIREED 40wt% D & Z12iE, ZABENA, DO F D BRI RED
HEPHEINT D8R 21572, LiClL KR O%E . NaCl KRR/ BTN CaCly KIFHE & [RIARIZ K
e BE DRI &b 7p > TRIR A I 1T 2 ZRFE DI S DB 278 LTc, KIS BN
30wt%aiE A D & ARIEENA, OF VENAEARIC ERBIY . BENENT 5/ME TG, A

Table 4.4.1 Experimental conditions of evaporation experiment at room temperature

Parameters Legend Unit Value

Water

CaCl, solution
Coolant - - LiCl solution

NaCl solution

Al,O, nanofluid

0, 10, 20, 30, 40 (CaCl, and LiCl solution)
w wt% 0, 10, 20 (NaCl solution)

Concentration of solution

or nanofluid 0, 5, 10, 15 (Al,O, nanofluid)
Initial mass of coolant m g 300
Pressure of test section P MPa 0.1 (atmospheric pressure)
Temperature of test section T °C 18-22 (room temperature )
Humidity of test section RH % 40-50
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Figure 4.4.2 Effect of solution concentration on ratio of cumulative evaporation (Cont’d)
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m (X8 DL I T DM EM O BFEEFEETH Y | My arer 12D D REZNT IV DK D BFEFFEE T
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Figure 4.4.2 Effect of solution concentration on ratio of cumulative evaporation
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Figure 4.4.6 Volume fraction of additive in 1nm thickness of liquid interface
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Figure 4.4.7 Schematic of Volume fraction of additive in 1nm thickness of liquid interface
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Figure 5.1.1 Temperature distribution by heat conduction
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Figure 5.1.3 Schematic of shock wave

—118—



E,-E, :%(vl—vz)(Pz +P) (5.1.14)

TR I L ROC L CE BRI 2 EF IR L TV B3 Th 20 b IR =Bl RN . &

FELLZEMTE, BUSE Q 2N /L F — 2k BN HR Y H L TE(5.1.15) TR S 4L 5 JEFRE
\Z%F9" % Rankine-Hugoniot DR ZE L Z L3 TX 5,

Ez_E1:Q+%(Pl+P2)(V1_V2) (5.1.15)

X(5.1.11), G118 Ty, =0& L, U=D (J@EH), v, =W,(hi{-3#E) & EXEEE,

D=v, |27 P (5.1.16)
Vi =V,
P,— P,
W, =, -v,) | 2—L (5.1.17)
Vi =V,

BIFHID, ZOR(5.1.15), (5.1.16), (5.1.17)DMEFRE OIEMBEXIT /2 503, Z OMITIEIEA LT A
DB FHPRIE R DD 5 BIfRN L U OB R, R H AL, =¥ —kiehfEo 3 R
K DT DORMEI Py vo, 0y, To, E2, D,W D TEE 720 . b 9 —DOBURN 22 1T AUX RN E £
b2, a5 2 % D7) Chapman-Jouguet SIF(C-J SR/ TH 5, L 6 AN & HFmRAIC 5
ZONDIBHEMED D LRANEEDO L OPRRHRETHD LV IRAOBDE LTIRESNTZ, K
(5.1.15)% p—vZ T 7ITRLELON, K514 ThD,

HIHIE(P, v, )% 38 5 R 1 (R H), I £ 0 . E 72 BUREA O % M L 7= RS AEil 1 %
OEEERIT(R-H), HFRC X > THEZ BN D, CI RIS L E, REBIEZ R 0FXA RX
D (R-H), HIER~OEROBR C TH D, AIHAS.1.16)0 BER 0 & Tt

D =vytanf (5.1.18)

Di/MEETHDZ LT T oMb, Z0OC A% CJELEES,
514 1% C EAZBAWEGEN HE TREIN TV DN, AC EARLFEIRIZ C S THWERRIZHHEL
By,

tan @ = _(8%v)ad’ (5.1.19)

TR

_v =R/ )
a=v év N (5.1.20)

—119—



THz2zoNA0, CATOEREREZ C, THRT L,
C, =v,tan@ (5.1.21)

> T, C-J &ML, K(5.116), 5.1.1NL Y,

D=C,+W, (5.1.22)

PR C-J I CORLFHE L FEHOTITHEZOND Z L E2RT, 2D CIFRNATHD,

Boad, Hall 1%, ZOBRBEZDT b3 — a VHGRARKIBERICEA LZ2WT hx—2a v
ETNVERE LT, BRBEOT bR — 3 v CIIRBER BB 2 MERr LR35 =k L —JRIC
20 JUEOBLRETHLDITK LT, BT N — a 7 VL& IREVARD D AR SIRIE~D
B OB E R 2R LR T 2 =XV F—JHICR o T\ b B TWD, Fo, AaEE2E
TR DIRAIRHE T B 5 2 By (BRI & ARPE A3 FR(EM . A, SR E2 x5 LTk
DHSIIEHETH S, K515 F hx— a VEFALOBKK 5T, £9°. HIRSHEEO
U2 K A 3 5 DT+ e ENE R BIRT D, DN TEKIEDNRE S L, ®EOE T
WM % & iR EAR & AR SRR OB 722 OIS D W TR E O ZNBEIZ R D, £D7
D ERAARIIARZE L 720 | Wb %, € OMBALIMaBVER 2R S, EEEMIC L - T
BELROBHBEL D, TOME, BADOREICL > TEND ER L, BB L 2D, T L
T, Z OWFEEGEANZ R T IUE, FIRICW<IZONTEDREITRE LEdbnd Z & &b,

JBFEDNE TR HER SN D ITIXE 1 ORI A E R ICEE L, SR A EE SRV -oIc
C-J SofEsiis /& SR T UL 720 1l 5 BRI IR R O 20 e BB B L AN E ZF T

ERENDDPNEWT 3 — g VETFADOEBERRA L Mo TNS,

A (R - H)1
(R-H),

¢ (C-J point)
P,
(R-H),
e oo ,
i A (R-H),

Figure 5.1.4 Schematic of C-J point
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(a) Initial condition (b) Vapor film collapse  (c) Differential acceleration

(d) Instability (e) Fine-fragmentation, (f) Pressurization
rapid heat transfer

Figure 5.1.5 Schematic of thermal detonation model *
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Figure 5.3.1 Thermal Interaction Zone (TIZ) between U-Alloy95 and water
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Figure 5.3.2 Comparison of coarse-mixing experimental result with TIZ

Table 5.3.1 Emissivity of Pb and Bi ")

Metal Emissvity
Pb (Oxidized) 0.63
Bi 0.048—0.061
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Figure 5.3.3 Comparison of base-triggered experiment with TIZ
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Molten metal

100.0 ms 133.3 ms 166.7 ms

(a) Observation images from side view

9.0 ms 10.0 ms

(b) Observation images from bottom view

Figure 5.3.4 Successive images at base-triggered vapor explosion experiment (No explosion)

(U-Alloy95: 600°C, 3g; Water: 60°C; Hole: ¢ 20 X 10mm, Water depth: 10mm)
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Molten metal Vapor explosion

0Oms

100.0 ms 133.3ms 166.7 ms

(a)  Successive images from side view

Hole Molten metal

4.5ms 5.0ms

(b) Successive images from bottom view

Figure 5.3.5 Successive images at base-triggered vapor explosion experiment (Explosion)

(U-Alloy95: 600°C, 3g; Water: 60°C; Hole: ¢ 20 X 10mm, Water depth: 10mm)
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Figure 5.4.1 Normalized thermophysical properties of CaCl, solution *%!

—137—



LA EZEL LR,

4 5.4.2 1Z, CaCl /KR & ALO; T/ WiEDORER I Z2 7 LT D, WARREN 25CH & & D
ETd 5, CaCly KR DR IRINE, IKEHIREE DHKIZ > TH KT A Th 578, B
ThEWV, ZRUTx LT, ALO; T/ RO RERNFIFT E AL EEL LN ERnnd,

¥ 5.4.3 1X, CaCly KIFHE. LiCl KIEHEE LY ALOs 7/ kOB E L 2R LT\ 5, HEDK
IR DWW TIIIRRIEEE S 25CO L EDETH VD . ALO; T/ FAKIZOWTIE, FARIREE D 20°C
L S0COGHER LIz, ALOy 7/ EOBRERIT T/ IRIRE O¥ER & & bl 7 2w
NFRHIVD DY, WHTH O KR DBYRE R L, AKIFIRIRE DR L & IR T 2 Th o7z,

KEE O WA B L, HplERE TR EAER k& LTUToRXTRDIND,

AT =k-M (5.4.1)

I T MIFEEENRE@mkE) TH D, BN LFIL, WEOMBIKFE T, ORI
Ik —ETH D, FdIEKOREMYSRDIZAKDEE DTS EHERKIT 0515 TH D,
Bz X, 80°CD 20wt%tifl U T 7 KSR O EFE AT 1X, 6.1°CTH Y, 80CD 20wt%Hift.
TV DK OB R EFE AT 1%, 3.5C L7 s, fafEfE OLA . 80CHOHLY F 7 Ak
TR OIS ESE AT X, faFnEREE(80°C) @ 111.9(g/100g /K) 2% LT 27.1°CTH > 7=, 80°CHHE
b1 7 DIOKESHR DU S A 13 BEFNYEAREE(80°C) 1 111 (g/100g ANZXF LT 15.5CTh %,
Beia Mo RICEA LT, M 43.13 TRLC K D127 = o FEBRERIC LT, SRV ERIT
10'Wm* /K BETH D, £, B8O ITARRIL ERHTRE R & /IR RUR I B e & i

80 - ——— T ———————
e CaCI2 solution

@ AI203 nanofluid

~ ~
o) o

: : —
|

~
SN

Surface tension, y (mN/m)

~
N

70 PR SR SR [N W SN T NN YT SN U NN TN SR SN AN SN SN SN N TN SN TN AN TN SN TN AN VAT SN WA SN ST SO S [T S T

0 2 4 6 8 10 12 14 16 18 20
Weight concentration of coolant, W (wt%)

Figure 5.4.2 Comparison of surface tension between CaCl, solution and Al,O3 nanofluid (821, [83]
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Figure 5.4.3 Comparison of thermal conductivity between salt solution and ALO; nanofluid - [**
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Figure 5.4.4 Effect of coolant density on vapor film stability
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Figure 5.4.5 Effect of coolant viscosity on vapor film stability
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Figure 5.4.6 Effect of coolant surface tension on vapor film stability
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Figure 5.4.7 Effect of coolant boiling point on vapor film stability
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Figure 5.4.8 Effect of condensation heat transfer coefficient on vapor film stability
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Figure 5.4.9 Schematic of quenching mechanism in each coolant
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Figure 6.2.1 Schematic of experimental apparatus
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Table 6.2.1 Experimental conditions of small scale experiment using Sn droplets

Parameters Legend Unit Value
Test metal - - Sn (T,,=231.9C)
Diameter of molten droplet D mm 6
Total mass of molten droplet in each experiment m g 150
Initial temperature of metal T, °C 1500
Water
Coolant - " CaCl, solution (5, 20 wt%)
Initial temperature of coolant T, °C 20
Nozzle diameter of crucible d mm 3
Falling distance H mm 400
Size of coolant pool - mm 200 x 200 x 500
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—J5. X 6.2.3 1% 5wt% CaCl, KiK. X 6.2.4 1 X 20wt% CaCl, KA OBRIEE TH 5, CaCl, KA
KIRE DOV KIZE 7o T, ARUBROFAERIBMNEN R 720 | ZAKUBHRHE - B L HIZK
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PR ERERF T TTAKUBTEN AL, BAEBEIIKROLE D 3 EREE THR L,

Molten tin (1500°C)

Surface —

0.20s 0.23s 0.27 s 1.00s . 2.00s 3.00s

Figure 6.2.2 Successive images of molten tin behavior

(Water)
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Molten tin (1500°C) Vapor explosion
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Figure 6.2.3 Successive images of molten tin behavior

(5wt%CaCl, solution)

Molten tin (1500°C) Vapor explosion

Surface —

0.20s 0.23s 0.27s 1.00s 2.00s 3.00s

Figure 6.2.4 Successive images of molten tin behavior

(20wt%CacCl, solution)
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WTED L ERLED,
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Figure 6.2.5 Effect of solution concentration on particle distribution
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(27[)1/ ? (ln o*)x(xmaX - x) Ino

0<x <X, UAHDOFHIZIBNTIEfix) = 0 TH D, Z I Ty X (TEMERLFDRKREETH Y |
AEFTIE 8mm & L7z, X IZELRLFORITFFHERETHY | o2 DL ZORERAETH D,
KOG FEIE D EULR A 13 ERASEEOER S LD b REVWZ &b D, THUIE
RIEFENT L A EREET . L < ORLF-DHIIR T EAAIZEVIREECTEIL L TW e TH %,
Swt%CaCl, KIEIR O, FERICH b7z B bR 7200 & BRI EER A AiIc Lo TR #
FTLERTE T, BEGRNS DD LB, MR TEH D bDODKDEGE LD bARKIETE
DEAELTEBY . BEFUIE & MBSO EER B3 AE LIzl Th D LB 2 5, 20wt%CaCl, KA
WO%E . EERIE DN EUER A3 ERASSEIER 0/ LD b/hSWZ ERbnd, Thid,
IKEREIRIE 2 @ < T2 2 LT K o CRKMBERBAEME S LOHBNBE TR L, ZARUERICH
DLEMEBOEGNHR LD THL LERXD,

PLEXY | BROAKIBERIFEAE LIS WERSETTH, KIZ CaCl, ZiRNT5Z L2k -
TAKUBRBE 2 b NTHIB AR S, KM VERL -2 2R ICE oD 2 & Rbno
2o AK, BTARMARIBREIRELLTVERBE L THMLNTND, LLARRL, AFER
D L D12 1500°C &\ 9 @RS TIRARIEN L E L3 < mEM & OB+ 5 2 &3
W Coh -T2, KIZ CaCl, ZIRINT 5 Z LI L - T, BRIEPFRET DIRE, WbWwbr s F
BEN EFT5Z L2k -T, X0 &R CHEEEIRE & i JM 2N IRIR B R L C B FH07E K0S
FICE ST LB R D, RRIBRBAEBEN R L, Wi ET 2 X 01cksd 2 LT, AXUER
WG DA OB S L ART D Z LTy, BB L K& oo LR S
%D, REBRTIT, SAFVAMENKE < MR ATNES 7 CaCly & AWV CTHER L7238, ol
WXL THRBROIRBZE LD LB BND,

L LA s, KIZxHT 2EORINIATEREEDRRGEOND A Y v VAT 5 KE, B
BRI R L Vo T EOREN D 5, Bl ZIE. CaCly KIFMEDOEHAITIES A A 2 DR L T
DT EMNG, KEHE L THERE LT WEANICH D, REBEHEE AW 2n ki b LT
WHT 25510, RBEER OIS, S OBk O HH®RICE T, Nt 2o/
FORELZEUNEINT 52 L NEETH D,
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Figure 6.2.6 Histogram of particle distribution for each solution
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Figure 6.2.7 Comparision of particle distribution between experiment and fitting distribution
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6.3. EEXTI U FTHRSBRMICHT HESBRERLESHOFE

6.3.1. BMMEEERMEE(TIZ)IE D ARBREESH O

6.3.1.1. BERRREERICHT S TIZ O H

2 6.3.1 1%, X 5221R LTz T8—7K]) MR 5 BEAEO/INRBFE KU T8 N4
% TIZ ODFHlifE R TH D, R FHRCHENTA FTOMEEN TIZ TH D, TIZ OHEEITIE, R
HRCoR L7 YRR O B2k R R DS K OB AR ELL ETH D50, b THER TR LE
AREORESFIRELL T CTHH LMD 2 0% Uiz, WIS OKS I 0.1 & L, KURAHE
2B D EREBVRERIT 10° Wm/K & LTz, BEROSHIRAFRIBIICHT 2 EBRFERTH Y,
TIZ \Z & » CTHRRIBROREZMEOZFHMEAETH DL Z NN D, £12, F5SETORLEASE
BRAE R T D 7R KUBIE DO FAESMESNTH, 53275 NIM 533 1T LIz EB 0 pHlES
ARRIBH RO —RZ R TARKUBEROWTILOERRITK L TH TIZ (2 &L > TRl T & 5 AlhE
PEDSRIE ST,

PLED XS, RS R T 2 R RUB T ORAERMNE TIZ IZXK > TIHMlifRE TH 5 =
LEaSFER, FEXT TV NTHO W Z x5 & Lz TIZ Ol DWW TR 5,

¢ 0-2cm B 2-4cm A 4-6cm
® 06-8cm ¢ 8-10cm v 10-20cm
A No explosion
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Figure 6.3.1 Comparison of existing experimental results using Sn with TIZ

—159—



6.3.1.2. EETS Y FTRSBMMIZHT S TIZ DEHE

ARSEER T O VAL Fe, Cu, Si &£y &7 554 (Fe-Cu-Si)72 HNZ Ca, Siv Al ZE5
& L?‘:/E.\(fi(Ca—Si—Al)é: L7z, £ 6.3.11Cx15 &7 D& R ERO YRS B 2 om3 HERIc~
kT B IR O IEME 72 VEME DS R D 7= B &bk % Z 11241 Fe: Cu: Si= 6 :3 :1, Ca:
Si: Al=5:4:1 LRETHZETHEZRE ML, X OYMEITEEEHEE Lz, 72720, fhik
FRELIZ DN T Shaw O FIEFIC Lo THE L BRIREEIC DWW CIRIE 2 BRI L7, % 6.3.2
IZHBTE L 7= Fe-Cu-Si 72 & QN Ca-Si-Al OYMAE %2 ~7,

Table 6.3.1 Thermophysical properties of materials *'* 8} [5¢]
Material
Parameters Legend Unit Fe Cu Si Ca Al
(1500°C) (1100°C) (1700°C) (850°C) (1100°C)
Density P kg/m? 7210 7860 2570 1440 2353
0.46 0.623
Specific heat kd/kg/K 0.500 0.946 1.090
pecific hea c, g (20°C) (20°C)
- 67 106 96.1
Thermal conductivity A W/m/K (20°C) 170 55 (20°C) (1200°C)
. i i i 1.09x10-4 i
Thermal diffusivity a m?/s 0.19x104 1.2x10* 0.23x10°* (20°C) 0.42x 104
Viscosit Pa-s 6.93x10% 4.38x103 0.8x10°3 1.01x10°%29x10°%
i i . . . .
y H (1156°C) (973°C)
Surface tension N/m 1.835 1.36 0.730 0.225 0887
urface tensio v . . . . (1000°C)
Melting point Tn °C 1539 1083 1430 850 660
Emissivity & - 0.70 0.70 0.80 0.30 0.30
Table 6.3.2 Thermophysical properties of simulant material
Material
Parameters Legend Unit Fe-Cu-Si Ca-Si-Al
(6:3:1) (5:4:1)
7800 2210
Densit kg/m3
ensty r gm (Measured value) (Measured value)
Specific heat o kJd/kg/K 0.55 0.926
Thermal conductivity A W/im/K 111 82
Thermal diffusivity a m?/s 0.30x10* 0.49x10*
700x10°3
Vi it Pa- 20x10-3
IScosity H a-s 010 (Measured value)
Surface tension ¥ N/m 1.46 0.4
Melting point T, °C 1230 980
Emissivity £ - 0.70 0.50
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4] 6.3.2 1% Fe-Cu-Si 35 J 8 Ca-Si-Al IZ%19° % TIZ TH D, IRERITIRE) & 5 EHbF O$z b5 i 15
PR O BEIREL ETh 55, HFMRITAREZEREMBEL T Th 2 &2 TR
L TW5%, Fe-Cu-Si 8 LT Ca-Si-Al (T34 b Bl 23K OEJERAERGRE XV bEn 7o, Bl
FEIRENELIRELL E & 72 DIREE R 2 AW T TIZ 237l L7-, X 6.3.2(a)lE [Fe-Cu-Si—7K]
RICBITD TIZ Th D, EMEARERIT TU-Alloy95s—/K] RICEIT D TIZ MR R & R
10*W/m*/K %\ 7=, Fe-Cu-Si OHUR=RIE 0.7 & L7, X 6.3.2(b)iE Ca-Si-Al—/K] RICHBIT D
TIZ T 5, EEEEVRERIL Fe-Cu-Si DA & RIS 10'W/m*/K 2 FV /2, Ca-Si-Al O it i%
05 & L7z, li#FD TIZ 95 & Fe-Cu-Si £V & Ca-Si-Al DIEH> N LV ILEHATH D Z &0
DIND, T, BEEIEEE DS Fe-Cu-Si & ¥ Ca-Si-Al DI 9 2MEW Z & | Ca-Si-Al D Ji = )3 Fe-Cu-Si
0 BIRSHEE LTV D 72 DI R AR D R ETRERIR A AR Lz Z S iC Kk 5.

6.3.2. /IMARATIRHERER

Fe-Cu-Si 38 XL O Ca-Si-Al IZX] 95 TIZ OFli & 5 F 2, EERICKG &35 685 HO TN
SUBIE TR 2 i U7z, /USSR FERIT, 5 2 ECHEMARRICESE N Lo BIRS
RERIBIRE L X—2 N U HRKBFROmE ORRITH L TEM LZ, ThEhoERERER LO%E
BREAEIZ DWW TEL FIZiR R 5,

i
P
AN

i

6.3.2.1. FHESHKRDIES

(1) EEBREE

[ 6.3.3 ICFEBREEE OWRE X 72 H NEBE G H AR T, EREE X, R E 4 N - iRl s+
DINEES, W 2R T SEHT A M7 Vg BEFHNZ S NSRBI Z21T 5 51 27
AIZKBIEN 5,

IRENERIR, BRI E 2 AN S 5 7o OIS A R BB 2 b Ic s ST D, B
30mm TEEBIZEALE 6mm O 7R BT 7o — R BEMEHIR 2 m R F S = A vick Yy b5, &
JE R NNEN & o THMRHmME S v, B E R BN SN DA TH D, B - ¥
R TIARHHR R O RIX T VI F T F I k> THEWTEE, 79 27%2DC YL /A F(CKD
RS DS-12A)C L » T EMICH &< Z & TR E T o L Lz, AMBVFE TR
KEEHKUIZ L DMENTH D . &K 1600°C £ THEATRETH 5.
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Figure 6.3.2 Thermal Interaction Zone (TIZ) between water and alloy
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(a) Schematic of experimental apparatus

Induction heating furnace
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(b) Photo of experimental apparatus

Figure 6.3.3 Schematic of coarse-mixing vapor explosion experiment
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FZ M7 g i, 80X 80X 600mm D AT L L AMUHEAME T 5, KK 4 SORIHED 9
H 1 MO A ARSI & LR Y —RRA MRETRY () FTRE22AEE & 72> T D, KAl
FEBIX. EBRZ AN DK ESEEL CHELRLFORA AIRE L 72D K 512, EEID ST et
N EI A g 23T TW D,

SHATE B X, A LK OIEEE . KRS OEEE T AN A T LA HRER, = LT
JETE &35, mREET AN A TIZ XD HEBINL, FEAOILH S — 2@ L TR Z A
V7T RNETHIET, BRI HE D oEEEORAE Y TLHZ &L Lie, RERICEBW
TEHRE T4 H A T3 7 + b a8l FAST CAM MAX (7 /L7 L — A 2000fps. % & 120000fps.
e KIS 1024 X 1024pixcel), FRBNZIZM T + b oA X VT 4 KT 4 ~ HVC-SL i L
77

(2) REBHE

K AKAEIZ ANV THTE DIREECIHET§ 5, B E & R I AN THVE DIRE £ TRX
AT %, WERIREDFTEDRIFIZE LI ZAT, 77 7% DC VY L /A RIT &k TEMH
B EHWTIHRI 2% TS D, L ORFOMKT Z KR 25 rIHBINT 5, FEEH TRITE
DAV ERLF 2 K FER L D BI L, BEHLTER 28T 5,

(3) EEREH
EBRRIEER 6331007, EBEOT T N THRON DAY OER S 2 E L, wIHER
PIRE 1L 1500°C & L, KIBIZHEIEZABE L7172 20CE LT,

6.3.2.2. R—X b HAKRRDEZE

(1) EEREE

FERAEE I 2 O U-Alloy9s % HAWN - _"—R N HAKBERER L IZZERETCH D, 777
DOME DI % TEWER LD DIZ AT v L AR S TV FRUCET LTz, X 6.3.4 NEBREEO
MEXTHY, K635 ICEREEDT A M v a v OfEkKERd, BBREE X, ABRvEr
SNER - RS E D INEYFE, KB 28R L C B O A R TS 57 A M var | R/
FEFHRIS K OVTHBLAN 21T 9 SHARIC KA S 415,

Table 6.3.3 Experimental conditions of coarse-mixing vapor explosion experiment

Parameters Legend  Unit Value

Initial temperature of molten material T, °C 1500
Initial temperature of water T, °C 20

Mass of metel droplet m g 5,10

Falling distance H mm 150
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INEERIE, R E 2 AN S B 5 7o OIS A R BN BF 2 b I ST D, B
30mm CEEHRIZEARS 6mm D 7& BT 72 77 — R AR 2 S E s oA vick Yy b5 &
JEE R NNEN X o CHRHRA B S, B E RN SN 2 A TH D, INEL - %
R I TR BRI O RIX T A I F T T NIk > TEWTEE, 79272 DC Y L /A F(CKD
FEASAERL DS-12A)0C K-> T EHICH &< 2 & THERAMEENE T s & Lz, AMNEVAIT

KEEPAKUIZ K DMEVTH D . &K 1600°C E THEATRETH 5.

TANEZ va K635 TERY  KIEFEY ZBERET A7 DICH IR EH T AT
VAR E A IEN T A LA ST Hole Rk S 70, IR A TS T A HW\W=Z L2k v,
PRI C O ZEE 2 IRl T BT 52 L &gl L,

FHAEE X, Rt PO ET A NI g Ml s o 2 JFimh b o alHREHR T X OV
EKDIBETH S, AfHBHNCIZ. mEEECTAIATEBIRT A VX NVET D AT EHNT,
BRI E IR FB 2 X 5, Kl N6 OREITIE, FOEIC K L C R CRI %
VCHMERHY, @EECT A AT ERHOBRELIIN TS5, £2C, Fa—78E—
LATY v a2 —2H L, BIICK2EOMHMR L SEE YT A0 A T2 X2 [ HBLHH 2 W7 S
Bl EHEET AN AT X7 + b a8 FAST CAM-Net( 7 /L7 L— 2 2000fps. 51 100001ps.
e RFRIRFE 512X 1480pixcel), FREHIZIZM 7 + ba o B A X LT 4 KT A4 h HVC-SL, ¥ =2—7
ME— AR T X —I= RE RETT 4 7 A« Dy XUl a—THEe— L2 Y v % —30
X30X30mm)ZfEH L7z, AZNALAT 7 OWREFHINIZIE, AAY—F& ¥ —H R BVEx 44
AL,

(2) EBAE

TARMET T a rOKICE VBEBICOKEES, PrEDOKEIZRD X OIZHETT 5, KizED
ERET DAT ULV AT L — R FEICRRE LT 7 N = — 2L o> THEDKIRIZAR D K 912
Hid 5, WIZ. RBRME 2 MM AN CTIE DIRE £ TCREMET 5, FrEDREIZEL
BICT T 7% DC Vb /A RIZE o TEBNIS RO TEMY 2 HRE T ST 5, ZOROR
Az 27T A M7 va Al KOKRE M0 2 BOET A B AT ZHW TR 5,
FERE \IXE R &2 B L TR TR 2 8lE5 T 5,

(3) =EBREH

EEBRRME 2R 634 18T, EEOT T N THbN DA OER S 28T L. PIEERY
BEIX1500C E Lz, AKEEDOREIOKIEICE L TiZ, EBRARNGA—ZL L THEHIZELEL
77
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High-speed video camera \

Trigger Sync :\%1 Metal halide lamp
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Metal halide lamp

Figure 6.3.4 Schematic of base-triggered vapor explosion experiment

DC solenoid

-

Induction heating furnace

Molten material Plug

Quartz glass
Stainless steel plate

Water
Insulator

Heater

Figure 6.3.5 Schematic of test section in base-triggered vapor explosion experiment

Table 6.3.4 Experimental conditions of base-triggered vapor experiment

Parameters Legend Unit Value
Hole diameter D mm 5,10, 20
Water depth L mm 2,10
Initial temperature of molten material T, °C 1500
Initial temperature of water T, °C 10, 20, 30, 40
Mass of metel droplet m g 5
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6.3.3. NREXRTJBRERER

6.3.3.1. ARt - ETHERER

U BT, B & T DIRE BRI B\ T RTEED R 2 7201, AR - % Tl
AT o Tco T — RN BRI R G2 A U S 8RS EMEF 12 X » TINEERE L7223 6
RS S OFERIREL BRI XV BIE LT,

Fe-Cu-Si DA OB AE R % X 6.3.6 12777, Fe-Cu-Si 28 1400°CRRE £ ThiEs iz & D
M TH D, mEmE & L CTHEH L7 U-Alloy9s & ttigd 2 &, #PEN SO TH D Z &N
ERSNTEN B EEZZOICRET DO E THEE ITNAEETHL Z ENbroT, Lo T,
Fe-Cu-Si | izl:%%%”t%f«ﬁﬁu\é ZEMMAEETH D,

Ca-Si-Al RGBS %2 X 6.3.7 127797, Ca-Si-Al 28 1400°CREE £ TMA Sz L & D

Crucible Molten material

0.2s 0.3s

04s 05s 0.6s 0.7s

Figure 6.3.6 Molten material behavior in the case of Fe-Cu-Si

Crucible Molten material

Figure 6.3.7 Molten material behavior in the case of Ca-Si-Al
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FEFHCd D, Fe-Cu-Si &l L THEMENTEICE LS. KHOD L HITENBI X H T Th
ST, FDYH, REBREFEBOFHHMETIIEER TIELIENTEhholalz, Lo T,
Ca-Si-Al [Z%F U CHEBRITEME I, Fe-Cu-Si (Zx9 2 FEFE R O NCGIHMERE R 2 b & ICHahd
HZ i LT,

6.3.3.2. FHEGAIBRERBRER

¥ 6.3.8 1%, FIHINARIRE 233 K Z 1500°C, /KiEAS 20°C, /K 23 EAS 20mm, % T EEEE 150mm
DGEDOEBFERTH D, X 63.8)EL, WP KFIZE T LI EOKTET AN v a v
MHE2 HE L7 E Ch 5, WRAKHPIZE TT 5 & R O J8 IR KIS TR S 172
MO T LT ERTFORBIIES N, £z, 2 2 HDOEMMITH £ 5 EARRTZHTTLHZ LI
0. FEEDOEANIIN/NESL IpoT272DI2 1 DB ORI BN T, ONESDWERIY) &
BT ST, 1272 L, BRUBRSEZ 5 L) Az gl s hisnoiz,
B 6.3.8(b) 1 ZFERBZICEIN S NZEY TH D, REICMINTIA SN D08, MRk L7k 5727
T T A MIMER IR0 T,

6.3.3.3. N—X M) HEAREHRERER

¥ 6.3.9 1%, FIHIARDIEE 23 F L2 1500°C, KiRE2Y 20°C, KV 23ERE 20mm, 7Ki%E 10mm
DFEDEBRIERTH D, WRAWERL Y LK VEROFPRENEETHD, ZOERSE
PTRIZRB W CAEKURRITBI S e o T, X 6.3.9() OMIHEIHIFE S L 0 | WEEW 2 KB 0 HIsiE
TL, HRAITADE UL T 203 R Sz, £72, X 6.3.9b) DK HE FElA S OB 5
IZBWTC, BRI IR 2 78 > T e TR ICHER H 2 Z b AWy
WZIIAKE N Ty P LICEEIRR > TV OERTFRMRTE D, 7220, AJUBRNPEZ DX 5 A
W72 ZAGIT R e o 72, X 6.3.9( )X FEERZ I B S AL 7= [Ek Th D, ()iF B 6 OFk1-,
(TR EICE L TV TR T 2R LTS, WTFROMmIZEWTHHELNTH Y, <IFh
EOMMMEH BRI T,

¥ 6.3.10 1%, FIHIEEWIRE A3 3 K2 1500°C, /KiRAS 20°C, /KD 23 ELE Smm, /K% 2mm O
BHEOERPERTH D, K 63.9 OEBREM L VIEMPIERDKIZEVERELY bREW, oF
DKTCED 2N E > TLEIFME L, fRE LTI, ZOERIKMICENTHAKUE
TR BRI SN D57, K 6.3.10@) D0 MIEBLARE R L0 | BRI KIZE Y 28> -%I1TE
DFEFEILTLE ST, M6.3.100b)DKE FE D OBRIFE RS | K 0.05s TILT TIZ LB
IXIRB TEDODN TV D LA LI, TOHKIZE Y EFE LIS E S, & L THREZ 0.40s DI
XSS L < 72D 2 & TR B ZAEKIEN A « BET DB S, X 6.3.10(c)ixE
Bz S - EEH TH D, O EE» DO, G)IREICHE LTV FEORE -2 7R
LCW5, B EEITEILT 5 £ THICKRICER L T OICBEE 2B LN 2 B, [E{E
MFRED R 72> TW,
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4 6.3.11 1%, FIHIVERIRE 235 L2 1500°C, ZKiR23 20°C, KIE Y A3 ELE Smm, K% 2mm D
Gt DEFFERTH D, T E TOEBRFER L RRICARRIRRIITRAE Lo 723, R 3 E
ET 2R TR DT AEIE SN, K 63 1@IXMEBAFRECTH D, WS K-E0 I
W T L7 BICE LT 2705 iR S 7=, X 6.3. 1 1(b) R FHEA & OFMAFE R CTH 5, K%l 0.05s
TIHAKRZEVIZZE BRSO BOI TV EE X b5, T 2T, K4l 0.10s [Z38\W TERMW O g
{ERENEIN D X 5 e N S vz, K 6.3.11(c) T ERBZ IS nFE it TH D, OiFk
WD ORET,  (FKREIZE L TWE T ORTFZ R L TWD, BEUEOREEIZ DWW TIEftho
FERFER L IZFREETH -T2,
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Water
surface

10mm

(b) Photo of solidified metal

Figure 6.3.8 Experimental results of coarse-mixing vapor explosion with Fe-Cu-Si

(Molten material: 1500°C, 5g; Water: 20°C)
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Molten material

Hole

0.50 s 0.67 s 0.83s
(a) Successive images from side view

Hole Molten material

0.40s 0.45s 0.55s

(b) Successive images from bottom view

10mm

[

(i) Top view (i1) Bottom view
(c) Photo of solidified metal
Figure 6.3.9 Experimental results of base-triggered vapor explosion with Fe-Cu-Si

(Molten material: 1500°C, 3g; Hole: ¢ 20X 10mm; Water depth: 10mm)
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Hole i Molten material
h

0.50s

(b) Successive images from bottom view

(i) Top view (i1) Bottom view
(c) Photo of solidified metal
Figure 6.3.10 Experimental results of base-triggered vapor explosion with Fe-Cu-Si

(Molten material: 1500°C, 3g; Water: 20°C; Hole: ¢ 5X2mm; Water: 2mm)
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(a) Successive images from side view
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0.40s 0.45s 0.50s

(b) Successive images from bottom view

(i) Top view (i1) Bottom view
(c) Photo of solidified metal
Figure 6.3.11 Experimental results of base-triggered vapor explosion with Fe-Cu-Si

(Molten material: 1500°C, 5g; Water: 20°C; Hole: ¢ 5X2mm; Water depth: 2mm)
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Figure 6.3.12 Comparison of experimental results with TIZ
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Figure 6.3.13 Effect of condensation heat transfer coefficient on stability boundary of vapor film (Cont’d)
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Figure 6.3.13 Effect of condensation heat transfer coefficient on stability boundary of vapor film
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Figure 6.3.14 Effect of emissivity on stability boundary of vapor film (Cont’d)
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Figure 6.3.14 Effect of emissivity on stability boundary of vapor film
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Figure 6.3.17 Relationship of conversion ratio to blowout velocity of molten material
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