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1.1 Sessile drop evaporation curve. The curve displays droplet evaporation lifetime versus
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1.5 Time sequential images of the droplet during jet ejection between 100 and 600us after
the impact. These images were obtained almost parallel to the hot surface. They show the
detailed behavior of the droplet. The temperature of the hot surface was 240°C. The
droplet velocity just prior to impact with the surface was 0.54m/s. Inside the droplet, the

vapor cloud was generated due to rapid evaporation at the bottom interface of the droplet

1.6 Time sequential images of droplet behavior during jet ejection. The temperature of the
hot surface was 240°C. The droplet velocity just prior to impact with the surface was
0.54m/s. A portion of the water reached the highest point, which was close to the droplet
release point, 6ms after impact with the hot surface. Right: image for surface temperature
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2.1 Schematic of the experimental apparatus in atmospheric pressure condition................ 24
2.2 Temperature distribution in the liquid metal and around its surface. The dotted lines
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the distance from the surface of the liquid metal to the top of the thermocouple. The
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2.4 Changes of surface temperature of liquid metal after collision of the droplet when the
liquid metal was stirred. The horizontal dotted line shows the value of initial surface
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2.5 Changes of surface temperature of liquid metal after collision of the droplet. The
horizontal dotted line shows the value of initial surface temperature of liquid metal. ....... 30
2.6 Droplet temperature just before falling from the tube at different surface temperature.32
2.7 Schematic of measurement method of droplet temperature. The diameter of the
thermocouple was 0.5mm and the diameter of tube was 0.36mm. The droplet diameter was
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5.28 Delay time and evaporation time at different surface temperature. The collision
velocity of droplets was 0.41m/s. The right vertical axis shows the delay time and the left
vertical axis shows the evaporation time. The plots are the arithmetic average of measured
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of the droplet in Fig. 4 during second collision to the copperplate surface.........c..c.cc.o..... 122
6 Time sequential images of the droplet during jet ejection. These images are the behavior
of the droplet in Fig. 4 during third collision to the copperplate surface. ...........ccccceevennne 123
7 Time sequential images of the droplet impinging to the heated copperplate surface. These
images are the behavior of droplet during first collision to the plate surface. The surface
temperature of the plate was 258.6°C. The collision velocity of the droplet was 0.51m/s. At
this condition, the jet ejection did not occur. But the generation of the vapor cloud inside

the droplet IS ODSEIVEM. .......cceeiiiiieee et neas 124

10


file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791395
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791395
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791395
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791395
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791396
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791396
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791396
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791396
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791397
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791397
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791397
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791398
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791398
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791398
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791399
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791399
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791399
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791399
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791399
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791400
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791400
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791400
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791400
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791401
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791401
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791402
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791402
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791403
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791403
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791403
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791403
file:///D:/ドキュメント(Dドライブ)/Dropbox/修士論文/修士論文_Ver.5.docx%23_Toc316791403

) P Uy EREYN
[Z N = R

11 pHgEHR
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OHEARTR RN 5 i W A RE
O T HIE M
@RIk A 1 AT REBR 5
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U7- & Z(LOCA: Loss of Coolant Accident)lZ, (F.L@EIZR IR ) HRIEFETHY, HER
WHWEREN VB L 72 B[4]. E BT, A=A T v bR EOFHTERK T, KEEFZE
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IRE M VIR 28 B IR IR R T RIS W T R TERET L OICET LR TH Y, TOEEN
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WIENAELT D720, ZRBERERITRBVED LRI b2V T 5. BlIEERIZH VT,
AR D e/ & 72 D IWBVE I RN RIRE & L CERSND. —JF, BBERIZHE T
1%, ZAREEESEBE D EFICE HAWEEMT 5. ZIUIPEIC L 0 A S i AR &
o T & IREE & ORI N R LZER LD L5720 TH Y, ZOBGARITZIbE
SEIIC /NS e D . LT, & HITWMEE O SO BRI TEIRIC I W TR & iRk
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SEHFM2MB OFEIC R TIHEFICRE LS 2D, 20 L J TR LICERIRIRRE L 220,
ZOBBIITAT 7 a A NBGEMIND. 70, BEBSEKIZ 3 TR O 2R IFH]
BHZDWMBEL, TAT 7 A MNIELTERSND6]. 74771 A MUK
DEMREREZ TS 5 ECIHFICHEERIBETH Y, TORMELFTMT 5 720 OWF7EA
BB rbh TV,

FERO[MITEBEEIERN T AT 78 A ML 2 EBICHOVWTHAEL TS, +
R SH LT L, B mHmICB T T4 T 7 e A hREHEL, KiEE
LGS, 747 70 A b DSaiE Tld 220C, #3E T 175°C & LT DR 2157
Fiz, KEKEEEE ECHESEBEA IR 275 Z L CRm ALY Lo -
T, 94770 A RN 2I5CETEATHLEVIHIFERLME L TS, B S[8)ILHKH
DARFBIEICKIETRAWERE OB W THEZB o7z, MLIE, REAT L
AN EBMRE R D/N SN Y 3 U RIERE A 8 U 7oA BV E B2 35 2 Ik O 78 R RE ]
ZMEL, WEEBOEINEKRTHIZONT, FA4T7 70X NERELRY, T8N
HEN, WEREOEIP/NIWIEBEETHLZ L, BLY, 74770 AXA MRUTO
BEIRCIX, ARBEMAWEEEmOENMEICE YV E LB (LTS E LTS, Bernardin 5
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H~DEANRBE O, BLOA Sy X ) 72X D Si02 ORI L0, Bl
DHEESE, BEAREZNLTH 4°, 14°, 33°, 84°DIAICKIT AR O E % 5
ol ZLT, EMADKTIZE bW, MURMEEE 7477 X FRiT ES-
L, TRIVRFUREELL TIZIRIT DRI ORFEFRITIR T T2 L WO RRE/ WD, Fe,
A SMNE, AHOOR I o EREM L0 & HICIEWEPH TRt 2 28 b &8 TR %
R OBEIEEZIB W, ALY I0FT 702 MANKE BT 5 2 L 2 ERY
IR L TN D.

Fiz, AT 7R MRICETAMREOMIZE, BURERMEAET 2 ECHEEL
DUTE O WG « B 2E), FEEfikiiie & ORENES Z b Tnad . fil H[12)1%, &
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BMRE RO WEZ B MIREOREMZ AW TR 2SIk v EHL, ¥y 77—
FEIZ X > TMBE IZ kT 2B RO ZE(LREN K E S B 2R 25T 5. Qiao H[13]
IUNE T FIZEB W T, SRR 22T 2 R O W R ENC DWW G L7z, 2 DORER,
WONEE ) R CIE, WL, BRI I B W TR SN D ARKDENT LV Bk &
HIDERME FICZE L THET D2 ENTERNWI &, FEHEEIC W CILibig
B & OB AN R E RFAED R SN2 E W FEREZHGTND. FEARS[LANIREM S D&
72 5 INENG JB TN AT 229 DI OB TRFEIC OV CRELWIRE 238 2 720, R & 28,
W & NENE & OBEMAIFZE A EE LN EB X LN D EIBFEITE O TH IR O LR
I EL BT T L2 LTV 5. M O [15]1 3 iR R w2 7223 2 ki O 25 8)
252 DEVEEEE, RIROFBLZRA L, BRI/ S WA O Oy 2 REIX K
871, KEMNZLLTH We U KV HIBIT5HZ L TE, We<d0~50 TIFFEHAL 72D,
We>70~85 TIIHINZE L 72 23, EREE N R E WA ITITRMEO BN 2B, &
GREENEZ D ITK K20, We B Z T TN O 2B TR 25720, BREDIE
EEDRRTTHEERT AMNERH D Z EEZR LTV,

b X5z, 470 7m A MR, BIXOREOBRER LGB ORE IR, i
SEOREHSICE Y RKESEBT S, L, BRICBWTIEZE 0OEE L &R
L7z BT, 9477 v R bk L OBMBERE & EfEICTHIT 5 2 EIXmEEE 7o o T
L. X, FAT 7R NREERT DA, BWEE A AT 2 &
ER IR & OBWIHEERN O R A RTIHIE TH L O3 LT, Kl & miRm &
& DR ZILT HIRIK & 72 57K O ERKIE, W SR IRR I HEZE T 2 SV O BRRFRY
RIBRREICBWTEB IR EDOTHY, Z0 L EOHkE L &Rk ER & OMAEERIC
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W L EIEMIREE E OMEER, BLIOEELZRIET T A—FORENVLETHD.

14



N 520 a @ E C>ZEB/?}’;\pnokret
Single : Nucleate ; Transition Film

Phase | Boiling | Boiling | Boiling
Regime | Regime Regime Regime

Leidenfrost Point

e

Incipience
of Nucleate
Boiling

Drop Evaporation Time

<—— Critical Heat Flux

Surface temperature

Fig. 1.1 Sessile drop evaporation curve. The curve displays droplet evaporation
lifetime versus surface temperature and exhibits the four distinct heat transfer

regimes [29].
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VaE, FH[6)E, AT Y Aoz Eiamikme U CTHEMT 2 2 &Ik D, iKiEEZEREO
FEfh I OO PR UL A [ O T S O BB T 2R A B 2> T A, Fig. L2 IZHEE B AME
ML EREEOMEZ RT. N—F— IS 4172 20x20x20mm DE A HET Y X L% &
EEAmE LTHEAL, 2RO THLIY 7Y XL EREICAKSES, 7 ARG E
fCHhIE, ZOES TAHIITEKHN Sh, TETEHLED, HhmThiut, 5
B TCIEZOEZIIRE <MD Z iz, 7V RARBENELEE CTHD0NHIVE Th D0 %
HIRITHZ EMAREL 72D, 7ok, A LIZEIIKETH S,

Fig. 1.3 (CHIHIREIRE D 430°CICBIT 2R T, ZO%6, ik XE
22 LIZIEFRIRFICMIBICER S, REOE & & IR OERIZ L bie> TXEMED
FEIERLTND. £, ZOEAMEANICIE, EAmERIE XL KiaofrEH L b
DEMMTAENBE S, BB EEEMLEHSEREZ > Tnsb0EEZLNS.  Fig.
L4 [ ZAWIREIRE DK 750 CICB T 2 IREMAER TH L. ZORmMBEICBNTIE, HEL
PERE T A & ORI O TN A U TR Y, Bl 3 oo B R~ 0 B3 i I 562
BIE SN2 D TIE R, I LREESOBIEME E2BREL T D, il
TR OB E RV EHRIZEIE T O N DIE THER L, Bl O IERGEE & B/
EL o TWD. T, BHDRKIENVIRREE 725 L 210, Bl b IimiIe s
A E 72> TRV, ZORERELY, BEREMEITZZ A7 70 X MEELL EIZB T
ERBME TR EIND Z ENbDd. Fi2, Fig. 1.4 LTIZX 912, EZEMEIEE D SR
BAIIE, 1828 & AR & ORI T E T, BERBRAAREZ TR A 2 BEfhim 23 o
We2b, LALZOPFNRELDFRRICHONWT, FOREMARRAFRIIALNE SN T
AYAAN

A LE T
“HJA JAL

A
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N\ i
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. . B ?_':
:@_ = N .

Fig. 1.2 Observation method of surface contact condition by quartz prism [16]

16



Fig. 1.3 Behavior of surface contact during collision process at 450°C [16]
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Fig. 1.4 Behavior of surface contact during collision process at 730°C [16]
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Someya L[17]IZFEH S, BIOEBORBENEHO 7 A T 70 A MREIZH 2 55
BIZOWTHAEL, Y=y b AT 7 v a VIR BSERE LTV D, LTI,
Someya H DI o T FEBROMEZ /R, KEIREDO R L2 6 FIHO B EHSUS304,
SUS316, 7/VI=Uh, NAT A, DhuA, FENEHEL, MAL-EMERE
PSS DU OIS B Oy, B X OEBERRONEZ B 2 5. AEREFHITK
100CHh 6 250CTH 5. WKMICITHEROK AT L, £ OERL 2.5mm, #KiEO% Fim 3%
10, 15, 20mm T& 5.

AR ORER RITS S BB ORIIRBIZ LV EML, "AT A BIOROLD
7 A (I O EHT MR TN ELS 2D E WO R L 7e o7, Someya 51X Z D
JRIKZ, NATaABIOVNVT A BOMEHI LSRR I N/NI N LG, HKiH
LB 3Bl 2 I BV TEOREENBA U, i RBTHER OBl 23 23
DI EELZ LTS, Fio, K& PR 21220, R M < 72
2 E WA HALIZD, WHIVRFIRE TS E V E{b Loz,

Flg 1.5, Fig. 1.6 {2 Someya 5N R LIV =y bV A NT 7 v a VBROEFHE D A

C LB REZ AT, ZOBSITRE MBI E %O U BEcElgsh, W)
ﬁﬁﬁ&ﬁ%4ki@?&/,ﬁ%ﬁﬁEﬁZM@#%zm@,W%%?ﬁ%ﬁlmmkw

Y, HOBEDRET UMM SNR -T2, ZDZ L5 Someya HbliE, Y=y b &
KT 7 v a VBIGUIAR ORI S OIEFE R L OV E THEEHCRE S KRS hb & LT
W5, Fig. 15 A5 &, WESRERA & HEfilOps) L TH 5 167us $2 I BEHAR S m ¢/ & 72
IR ELTWDZ ENbnd. = %%i%%ﬁ@@%?ﬁ:%ﬁé%ﬁﬁ%%ﬂi
STHAEREINTEY, 433 us HZIZITHER EHIC LTCW5. Someya 5 Id Z D5 DN
WN%& EFICBEIT 2L 8ms FREETH 1, Fﬁ&ﬁ&@h?ﬁﬁk%ﬁ?ék@@f&
W EDD, FETAERSNIZRIENEE EFICEEL, ZoKENRKRAF~KITHZ &
T, IRMADEHNZEICLY, P2y ho 7 AT 7o a0 BEngldsRoE&ns & ELL
TWb. L, ZOXD 2B ZRNRET L - BRI LI AHTHY, =
DIV & am R & ORI OWTERZFHENLETH S,
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Fig. 1.5 Time sequential images of the droplet during jet ejection between 100 and

600ps after the impact. These images were obtained almost parallel to the hot surface.
They show the detailed behavior of the droplet. The temperature of the hot surface
was 240°C. The droplet velocity just prior to impact with the surface was 0.54m/s.
Inside the droplet, the vapor cloud was generated due to rapid evaporation at the
bottom interface of the droplet [17]
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Fig. 1.6 Time sequential images of droplet behavior during jet ejectlon The temperature of
the hot surface was 240°C. The droplet velocity just prior to impact with the surface was
0.54m/s. A portion of the water reached the highest point, which was close to the droplet
release point, 6ms after impact with the hot surface. Right: image for surface temperature of
260°C [17].




1.3 WHZEHRY

PLEIZR Le K90, IR OBMBER AR T 5 9 2 THEHE L 25K & miie Bk
& OMAERICEAT 2T ZNETHIITHELNA TR, ZOMAEERIZIZEED
FKEPER, FICREM S P REREEL KITTH, LR LB E» S D K1,
REM S 2 ERECHE L EREB 229 Z L3R L > T D, DFY, HLLiD
RPN b O THHOMEIC L HHELRETH L H 2, BERANTA—FTh
HAEBOFHM S Z EMEICHIET 52 N TET, EENRMAEZES 2 & NI I K
Lo TWD, ZORBEEMIL TV 2OIiE, X UOICEKEH S OFFFE LBl
RICBT HMHAEERICET2MAZ5G5 2 ENEFICARTHDLI EEZOND. REHS
DIFTE LR WRIZEIT DR A & & IR EM S 2 BRI R - 915 4 7 236
LZENHETHY, FMAEERICBOTRAEL TV IR YHHRR 2R D
EWRHBEL DD THD. ThRbLEMRBSE, REe8iilbd 52 & TiELSBET
HTEMTEDLEICRY, ZHUIRKORBEGR2EREZHLNE L TN I X TRLS ZE
DTERWEHERMTHD.

Z 2 CAMIETIE, MARSREEREE L CHEA L-EREZB 225 . RIRSROKE
1%, ZTORERDOHFIZ LV EEITE L RREEIR, ©F 0 REH I DBFEL2VIR
RICIRT-ND. ZoiEaRa2Eseme LTHERTLZ 81280, SIEOH L WK
S OB A PEBR L7IRBEIC IS T 2 & &R & OMAIER 28122325 Z L A HEE
5. RIESBREITIEHOMMEIZ LV ERT 5720, BEEREGRE L R L5622 H
ELTHEEICH — DL bn. L L, KROBENHDICREVNEAIIZZO
EROEBIMALGLITE/NEL 0, FEERMNICEOEEBELZFMT 52 L LAHET
HbH. ZOREM S OMFE LRV EML SN RSB DR L &REE & OMEIEH %
B4 52 LT, REMIPHEMERICRICTEEZ AL N E T 5100 TIER
<, BRFERZRMHAMERIZBWTED L9 RYBHBGE N E L TWDL DN EERMICH LN E
TOHLIENEEEIND. L2, WK OUBISHHAAE S LRI W TITRAET L KUITLY
WESBORMIRELSERL, BOLPRKREEIUET DI LITTERY. 2FY, Z0
IRE VR OE =0 LI A BIE SN D £ TOMICBWTORE VIS LD THS. Th
IR CTHRE T HMAFERZBIET 59 A TIEHaifiE nwr 5.

DFE VAR TIE, SREIRSBRRIICE LT 2RO RIS 28R T 52 L1 ky,
i & ERe B R & OMAERICB O TREM I ORT&E, BIOHAEERIZBWY
THALZWHEEEZHAONCTHZ L2 HNETD.
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Kiwld, AEB IO GwmE B OE 6 DOETHEINTND.
2 ETIE, ERILE, BIOWEGTESWTHELT 5.

5 3 T TIE, REUE T TRl e | IS @223 S O E e i R 2 n 4. £72,
B SRR 2 IS 258 2 T BRIICIER T 272 0ICB 2 o 1o, ki OLTEEBIE,
BRY, BRI OBPERHRE =T
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B2 RRITL

2R LTk

2.1 SFEBRAEE

2.1.1 BEE

Fig. 2L IZAMIZE CTREM L7c ERREEOME L ~T. RU72EHL T, YU U Unhbik
Krpo< VEFa—T AT TEVHL, Fa—THRIBOTERBEERTD. 20
WHRAE T L CTFHICHRE LokiRe R 7 — VREICEET 282, fiFICRE LS

HWEDAZICEVIRET D, WIERERIE, Ky b7 L— oL oS, ZOMHEEIXR
R BRGNS E LT BAEAIC L2 EMEEZ b LI SN D, LTS, EREEOH
FCEL SR AR R, EZEH R, R ARSI TIEICZ DM AT 5.
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B2 RRITL
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Data logger
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Fig. 2.1 Schematic of the experimental apparatus in atmospheric pressure condition
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B2 RRITL

2.1.2 IR

WAL, Yoy, YIVURVY, ~A7uaFa—T XI5, v oI
FNIN IO~ A7) P 100ITLL 2 H L2, 203U OO &EIT 1 mL T,
MmN T —ay 7o TEBY, A 70 ¥ A N7 4T 4TINS ax T4
EHERALC~vAraFa—T bR THIENARETHD. v 7 nF 2—7|21% PEEK
FBIIE LT = — 7 (W#8 150um, 4ME 360um) % A L7-. PEEK AR IXMSEAL M - $BR5h
WENTWD O A, @RE &R L TEYRERMENZ LD, &I OEE A E) 2K < 11
ZHIENTED., Fa—7HRTTFHHIZOW S TEB Y, BRI NDHEMHEITE FE
AT E CHERMICRRF SN, IWHITAEICEVE T T2720, WHOKE SIIEAT 5K
RORKERT), BEICIVRESND. AR TIE, ERL2EL CH—HEDO~A 70T
a—TEER LI, A LREOREIC L VIREOKRE SITR2S. ~1478aF=a
— 7 e ERIE 1 mm BANL CALE O RS FTRE A BICEE S TR Y, ki OmZEE T,
WTIEAEZ D Z & TS L. ok, E2EEEITHEITRTHIECL REHE)ND
BIE L. W2, RO A 4 2B K A KEHK, FC-3283, 8 X UVKIEKZMEH L
7z. Table. 2.1 |ZHEHKIS LY FC-3823 DA% £ & & Cord. 7¢0ds, FC-3283 DK kiR
THRERBIT R 8N L VHIE S NI TH D £, KEKOHHEMEIZARIHTH 2 M,
Kk, RERDNBEREARE, BRKIOEWVEZ b SEEZEZHND

Table. 2.1 Physical properties of water and FC-3283. These properties are
values at 25°C. The value of water is same with purified water [30] and the
thermal coefficient of surface tension of FC-3283 is the value measured by
Someya and Munakata [18]

Physical properties Water FC-3283
Boiling point[°C] 100 128
Density[kg/ms] 996.62 1830
Surface tension[mN/m] 71.69 16
The temperature coefficient of
surface tension[mN/(m- K)] 01966 -0.0838
Vapor pressure[kPa] 3.53 1.33
Kinetic viscosity[cSt] 0.86 0.82
Thermal conductivity[W/mK] 0.61 0.067
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B2 RRITL

2.1.3 BRI %

EEH R, WEESR, &y N7 L— b, REREEE, RERSSRLVERIND.
T O W RGO S IREIRICE 5 £ COMREWIREEIR CIEZ B 2725 72, E2EH
LR DR ERAERICIE, KRS EED U T eA 70 ZH L. U7 a1 701X Bi, Pb, Cd,
Sn DEATHDH. Table. 22 IZEDOWYMEEEZ F & O TRT . WRIKEIE O L NI OB I
HARTHJICRENZ END, HEET D IWICRET HRESBRREOERITZE DR EE
BATX 21T E/NEN. 28, ZOERICEHEICEL T, 5418V TH LW %
BIroTWD. BEERYVEETH D IRIKGEER TR, RERDREREIZRHATHY,
PEfh A IZ K DWE Z AT, EMREEZRD D Z LN TERNoTZ. L, BN
XA et O IR G IR & [AERIC, RERNIRE <, BmENRERKITADETH S
EEBEZOND. WBIKESRITIAT LAY ¥ — L (FME 60 mm, &S 20 mm)IZfRfF S 4, K
SRR E Loy N7 L— MZ L0 IET 5. Ry b7 L— MIREFRE B s n T
BY, FIEDREIC 1 CHEALTRET A ZENAETHS. Sy b7 L— FREICIE, K&
R BRENARE, WA ZERE L, W - BRI X 20 O R ZB) X5/ BRI
Z6NTW5., HERERBOBYRERN T ICREWI Enb, 220 & 72 5 iike @ Em
IR, WA BRI M) B 2mm N5 ONLE ISR E L2 BVERHZ L5 HIEM/ & L. 728,
COREERRES 572, 221 \ORT PHERZB IR, TOZEMLHE L TWD.
EBRIZBWTIE, R OGHE &, RSB EEICBLEENER S D, BRLR
FAET D856, WRSBRmIIERE 20, WO RREM TR LD, 20k, AT
L AR (SME 1.5mm, £& 200mm)ic L 0 HIE S LIS EA BRE L, B fE
28 & L7z,

£, WRERBICEZRT 250 & T 5 72 O BEIR AR I E224 5 856 O W O b2
BOREEB 0. ERERE & L TES (T4 X 30mmXx30mm, /& X 0.5mm)% 3
L. fERICES WL TIEREA#1000 DT A U —fKTHIEEL, =% ) — A Wkifziid. Z O
R &R BEREIZI T D IRRE IS ICRET 5 2 & C, BEReREEmE T 5.

Table. 2.2Physical properties of U-alloy 70. These
properties are values at 20°C.

Melting point[°C] 70.00
Density[kg/m’] 9946.27
Specific Heat[J/(kg* K)] 0.167 X 10°
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B2 RRITL

2.1.4 R

R RIL, EHEEN AT, LX) PC, MIREXVMERIND. mEES A TIL, Fotron
#l, FASTCAM SA5 Zfifi [ L7=. A4 A 73 3000frame/s C 1024 X 1024 OFRMEFEIZI5 1T DRk
EORREETH Y, AWFETIE, EICHSZEE 10000frame/s, MR 256 X 256 12330 Ty
ERIRD. @EENATIIA =Ry Nr—T7 )V TPCIZHERESILTE Y, R Itz
BILPCIZHRE SN, RIFEND. L RXIZiE Nikon 8, AF MICRO NIKKOR 200mm 1:4 D
ZEHA L, JIEICIE Photoron o5 ) HVC-SL % 2 B LT, @EED A Z
ERGME Y R EB ).

2.2 T Ik

221 BEEBRPNREER X OFmEEHIE

ARG BT, IR B E D S5 2mm T 5 OALE IS E L 72 BVExHT & 2 1l Ef
FEEMBEL L THEZRBIRY. Zhix, ElRL7X 5 W%é@@ﬁh%éﬂ+”l
RKEL, WREFEOWNEHRE L REEE ENELWETIHREICLD. ZORFERFET
57280, LFIORT RIECTHEREBS Z o7z,

Fig.2.3 ® X 9 124ME 0.5mm OEEXH 4, @ SFRET FTRE/eiifl FICEE L, ke mEE
HZES 0mm & LT, IREREINES, 35 L OVEL O AG & TRE 5 2mm 2 & ZHE
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liquid metal

TH

20mm

Liquid metal
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Vessel of liquid metal
Fig.2.3 Schematic of measurement method of temperature
distribution in liquid metal. H shows the distance from the
surface of the liquid metal to the top of the thermocouple. The
measuring range of H is from -10mm to 10mm.
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Fig. 2.2 Temperature distribution in the liquid metal and around its
surface. The dotted lines show the measured temperature of liquid metal
at H=-10mm.
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< Thermocouple

Droplet

Fig. 2.7 Schematic of measurement method of droplet
temperature. The diameter of the thermocouple was 0.5mm
and the diameter of tube was 0.36mm. The droplet diameter
was around 2.5mm
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Fig. 2.6 Droplet temperature just before falling from the tube at different
surface temperature.
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Tz yiie U TERT D, HiRe BRI OMEIT H IS X0 g Sk L.

(@) (b) ()

Fig. 2.8 Example images of detected edge of the droplet, (a) original image, (b) detected edge,
(c) binarized image
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og:Surface tension of solid
o, :Surface tension of liquid
og_ . Tension of solid and liquid

Fig. 2.9 Definition of contact angle

Liquid 1

og:Surface tension of solid
o, :Surface tension of liquid
o, . Tension of solid and liquid

Fig. 2.10 Equilibrium of force at liquid liquid interface edge

d;: initial drop diameter

ds: spreading drop diameter

d.: visible contacting drop diameter
h: drop height

0 : contact angle

Fig. 2.11 Definition of contact angle, spreading drop diameter, visible contacting drop
diameter, and drop height [20]
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Fig. 2.12 Relationship between the falling height and the collision velocity.

2.3.2.6 WIWEPE

WEHIEAE, xS mOERL y G OEROYEEE LTRD L. 72k, & FHoO#
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Table. 2.3 Initial drop diameter of each fluid

Type of fluid d;i[mm]
Purified water 2.49
FC-3283 1.17
Tap water 2.52
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106°C 202°C 307°C

Fig. 3.1 Time sequential images of boiling behavior of droplets impinging to
heated liquid metal surface. The collision velocity of droplets was 0.37m/s. The
surface temperature were 106°C(Left), 202°C(Center), 307°C(Right).
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108°C 211°C 313C

o m._nnﬁ

4.5ms=.' . h

Fig. 3.2 Time sequential images of boiling behavior of droplets impinging to
heated copperplate surface. The collision velocity of droplets was 0.39m/s. The
surface temperature were 108°C(Left), 211°C(Center), 313°C(Right).
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Fig. 3.3 Time sequential images of boiling behavior of droplets impinging to
heated liquid metal surface. The surface temperature was 300°C. The collision
velocity of droplets was 0.37m/s(Left), 0.41m/s(Center), 0.51m/s(Right).
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Fig. 3.4 Time sequential images of boiling behavior of droplets impinging to

heated liquid metal surface. The surface temperature was 313°C. The collision
velocity of droplets was 0.39m/s(Left), 0.43m/s(Center), 0.53m/s(Right).
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Fig. 3.5 Change of contact angles after collision of droplets to
the liquid metal surface. The collision velocity of droplets was
0.37m/s.
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Fig. 3.6 Change of contact angles after collision of droplets to
the liquid metal surface. The collision velocity of droplets was
0.41m/s
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Fig. 3.7 Change of contact angles after collision of droplets to

the liquid metal surface. The collision velocity of droplets was

0.51m/s
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Fig. 3.8 Change of dc after the collision of droplets to liquid metal surface. The collision

velocity was 0.37m/s. The formula shows the fitted curve of measured result in case of

copperplate.
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Fig. 3.9 Change of dc after the collision of droplets to liquid metal surface. The collision
velocity was 0.41m/s. The formula shows the fitted curve of measured result in case of

copperplate.
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Fig. 3.10 Change of dc after the collision of droplets to liquid metal surface. The collision

velocity was 0.41m/s. The formula shows the fitted curve of measured result in case of

copperplate.

51



B3 E RSUE N bS8 Al SR

323 ®& h

B SOHPERRICBONTE, I E TR UzEflfA, Sl Ben, BRrick
T BB MEDOER A BILR. THUE, R &R E & Ol BRI B0
THRAETDHHETHY, TORBENE I ﬁ%éhéif XH HRRE DM 2T 57
ODThDH. TR, @S OWERMEIT, ORI E & HIZ, FRUEOZERNEE I
STHNDRERE - TND.

Hgsn’@%ﬁﬁowwS%ﬁmWW%@(ﬂ¢m 202°C (M1'@) , 307°C (Xt
A) BIF5@ESOREMFEERT. ZeBHEO= 0, HZEEAE 0.39m/s, FKmiRE 108°C

BWTHIHRICEZT 256 ORIERE (Kh+) 2608 Cil#llT 5. @ 1L 3.0ms £ T,
%#’;émLiﬁ%hﬁ EFRBEOMECTHERL LT D, 3.0ms IZRB W T, RIS ICHE
283 DG I IME R 277303, SR B2 2855121 3.5ms FE TR & e o T
5. REIREN 106°COGE, thOREIRLEDSE & HEE LT 3.0ms IEOHERKE < 725
TW5. 7o, REBEN 07°COLE, 45ms L0 2L RBIMER A BN 5. AFKER
ESIEIZEBIT 5 3.0ms IO E S OHERBIZ ETIZEEBH L TWA Z ERNbhs. 71210, tho
LSRR & Hl U CRERE FMFIC XD MET NSV E N R 5.

D3N, Fig. 3.12 (ZE S 0.41m/s, 2l E 105°C(XIH 1), 202°C(K+ @), 309°C(X
FANCEBT DREMEEZRT. £, O, 22 0.43m/s, RKiEEE 110°Clck
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Fig. 3.11 Change of droplet height after collision of droplets

to liquid metal surface. The collision velocity of droplets was

0.37m/s
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Fig. 3.12 Change of droplet height after collision of droplets
to liquid metal surface. The collision velocity of droplets was

0.41m/s
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Fig. 3.13 Change of droplet height after collision of droplets

to liquid metal surface. The collision velocity of droplets was

0.51m/s
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Fig. 3.14. Delay time at different surface temperature. Tcl shows

contact limit temperature. The plot is original data
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Fig. 3.15. Delay time at different surface temperature. Tcl shows

contact limit temperature. The plot is arithmetic average values.
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Fig. 3.16 Delay time at different collision velocity, Tcl shows contact

limit velocity. The plot is original data
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Fig. 3.17Delay time at different collision velocity, Tcl shows contact

limit velocity. The plot is arithmetic average value.
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IRRETHY 1 BFRALE L Cb, Mg L VIR ND. L, WMEDREEL
WEINEL LTV & IREER S DIREE FR5 & BB S D (L 7 A b g). 5cSt
U arAANLOBEE, ZOREAET0E10CERD. Z0 X AfERIE ETORERR
DDA bBIEL SN D, Dell’Aversan 5%, Z IR L7ZFEROMICE, R DA%
A L= %8R, #UNES TR 2ER, o 5 b SRS TR & B
I ESEDLEBRERBZ 20, OIS X0 BN E U< R R/DIREENERD
2L, FRFFITBW TS R MEIZER DTN DPEET D G E I TIEMBL S N BT 5
ZEREEHGMMNE LTS, 72 Dell’Aversan S350 FEI/IFHEIC LD v R ab—va v
BBV, BB EZINZ T 5.

1 Drop

2 Sharpened edge disk
3 Hole for thermocouple

4 Channel for injection of liguids

Fig. 4.1 Experimental apparatus showing pendant and sessile
drops. [22]
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Sense of the Marangoni
convection

Aidr Now

Fig. 4.2 Sketch of the flow two non-coalescing drops held at different temperatures.

The gap thickness is exaggerated to display the direction of motion in the entrained air
film [22]

Fig. 4.3 Non-coalescence of two 5 ¢St silicone oil drops. The rods have a diameter of 3.00mm.
Pressing against one another clearly deforms the interfaces. [22]
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T l{.C) ------ Upper rod temperature
» == - = Lower rod temperature

e I [ | | | !

S

gt

g

"E

Iy

Fig. 4.4 Drop against drop at different temperatures: (a) drop formation and thermalization;
(b) first contact; (c) further squeezing; (d) slipping; () detachment; and (f) the drops are
brought in contact again. After one hour without coalescence AT is progressively reduced: (g)
coalescence at AT=2.5C and consequent formation of a liquid bridge; (h) new drops obtained

by stretching and breaking the liquid bridge; (i) immediate coalescence with AT=0. [22]

Z DZEROFINC & 2 IR T, WA R DRI, £330 0
PREMAR AT T 5 A1 B34 L, Monti & [25][26][27] 1 AR 148 3% | & e 1Rk & B2
W SETSEAITRAET HIEMBRICE LT, v~ T A=5hRIc X v EET HERDOTEN
DEDESENATIZEHME, BIOL—F—THEICIVAELTWS. S5ICHRA
1T 5 N-S XA iR EmICH T 2 REEN AR LTRSS E LT 2 EIc kv HdE
icERBRE S ZE L, ERERE Jn—RE2 RmTHREZHG TN D.

T 2T, ARBFZE TR O SRR A R IR AN E ST A AT, TR SRR R R & O
BT SN 5 22K DM HONTEZ D, WIS SRR RERICHEL L & &,
RN Fig. 4.5@)D X 5 R EARLSER SIS, £ L TCZOREARIZL Y, Fig.
A5 ZRT LD~ T A=A AET D, 72751, U T A 70 DR ERJEERET
AFFRIZBDNTTRET D Z ENTETRIARID, — A 7R IR AR 0O £ R iR FR % &
[FERICETH D EIUET D, 7ok, ~T7 A= OFAE L RIS, BRI HEAET S
EEZLNDN, WHOERN 25mm LIEFIT/NES L, RERDOMEN, BEELE T
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WL CKEAIZR S LR B -0 BFB LRV, ZORRIC XY, @ LR E)E & ORICIT Fig.
A5NRT X D REKDRNNTER S D, Z UL Fig. 4.2 1275 L7= Dell’Aversana & D3
BRICEBIT DN E W HFEOWNTH Y, Z DZEKOWIIC LV K & RSB R & O
RN AE T 72N T RICEZOND.ZI T, ZOT7  rI=3HRICE VBRI N5 ZER
DRI K 2 IS A O A W42 FRAIZHEET 5720, Bt TNIcksnWTZnETE
FROFEREZ B Z 72 o7z, ZOELZDOFAIVUC L DIFEMBGE N EL 5 & &, RAFIT/FAE
T DRERN AT D ESEOEK LS. O, EHZEREENMEWEREEICE W T
%, BIXIAENDIEROEENMETT 5 LD, BEEEMZT 5@ 35< 720,20
BB G R AE LW ERTFREND. Lo TRHIERE Pl I E TLFEEED
FREB 729 2 LT, WERFICIEA S DRI L 0 FET S D 22 D& AL N EN
REH A A S D ER DG ZMEDND D Z LN TED.

(a) Droplet

Liquid metal surface

(b)

The Marangoni convection

AW%y:::::>C::::i’

Fig. 4.5 (a)Schematic of the temperature gradient inside the droplet when the droplet
approaches to the liquid metal surface.
(b)Schematic of the flow patterns of the marangoni convection inside the droplet and the air

flow between the surface of the droplet and liquid metal surface.
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4.12 KBIHIE

PUTFICIUE FEBRCHEM L7 ERIERICHOWTHIT 5. Fig. 4.6 IZIE FERICHNT
A L7 EEOMERN TH L. WE ISR 2EREZEBT 5720, KL FERCTHEM
L7cEdE@E 2, #EAMET 7 V VERZRPICERE L CRUER 712 L0 BasN O D) % i
L, ZHETERBRICEIRIREERICHEZE T 2O EE 2 gD A 7 2L T
T 5. T VARE, BILO, EAFBOZDOBIELISNE, 21 TRLEZRKE FIC
BILOWETHEMA LD LFA—-THD. HMNEEHRT L7201, Ay b L— D&
IR, B\EXf, PEEK F o — 733 LRI EZRT, TOFZ2m L MBI TV 5.
ZOIALEORIFT Y arary—J IV ERT L. BaWNOENTT VX VESFHT
EVHIEL, AEFEICLVERTLHZLEOTEHR/NOETNT 3.0kPa THSH. oL, JE
TIOWIZT & B 72\, W O AUIFIE T L, 72 & 21 3.0kPa [Z B W TRRUK O il 24.1°C
LD ZOREIIEREZRB IR HMBRORERGE 23C) L IFEFR LT TH Y, HHIET Y >~
UnbHF a2 — T RIBICELWMBICEBWTHS L CLE S 72w, WP ZEL TERI N
W FREENDETICE R, BREBNOBEAMENESEDL2D, Fy 7 L— OB K
STERBRNEIR L R VIEHORRITIE SICREER D LR D, 2O, KR TIEE
ERTF 2 —TRNICBNTHEE T, RENEE LI TR SN ORIKETHhDH 50+
3kPa ICBWCTHIEZRB Ao 2 e Lz, B, ZOENIBTDHHEOMmAIL, 81.3C
ThHD. WRICITERKREZHER L, OB 2.48mm, & OmEZ8HEE 1L 0.43m/s T—
EE LT, BlED A T2 KD HEHE L 10000fps TH 5.
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Thermocouple

Thermal Power code
contoroller Syringe
——IIﬂ
Vaccuum Droplet generator
Pump w
Manometer Tube

etal

Insulator

Vacuum vessl|

Fig. 4.6 Schematic of experimental setup of experiment in reduced pressure

condition
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4.2 WhisZEEEIg2

Fig. 4.7 (22236 0.43 m/s, FMERE 124°C(KH/E), 164 CIXHFEAF), 240°C(XH4)
WZBARERM AR, 2k, FREROIENTZENEN 49.7kPa(XH1/2), 52.2kPa([X] 15
A, 50.7kPa(XIHA)Th b, XH EOFEIINICEEME T 5. ZOMBRLY, BIETICE
WTHEBNRFEINRBELTWD Z ENb2s. REIREN 124CHOEEXTE), HKikEZih
BT, BRI ORI & & B ICERICERE EICOABR > TV 20 X0, I OB IR
25 1.5ms 705 2.5ms I TRELSZE(LL TV BEEFNBIERE NS, ORI
1.5ms £ TERIR & 72 o TWBA, 25ms ICBWTITRIAN D B> TEB Y, LI, T
W F FEm EITIEA > TV ZOHFIE, Fig 31T ENTTR LIz KGE T OXH) & 48
bewé.ik25qukwf L, WHENEBICKIARER S LTS ZEnbhnd. =
DKV & IRR AR & OBMB R —Ick 2 b b _,@%E@Q%Azgﬁ
DRVIAENDTDIZELD DO TH D, RmIBREN 164 COLE(XIFEAY), 4.0ms 7
5 4.5ms (2T TR OZEL AR SN 5. Fig. 31EAF) TR LERKEIZBIT S
FEREIT D &, BIREMORGEZ A IV THRES 2o TND Z EnNbnd. £72, 4.5ms
PIRIZHB W T, NS 2B ORI RIA O pR: - IHEABIE S, ZoORMmIREICE
WTIHIBEAAE L TV D B X b, REREN 240COYGE (KMH4) , 3.5ms FTHK
TIIFAICERE LICIEA Y, ZTOEMRITERR E /2> TW D, LA, 40ms i2B\\ T,
AR & Bl U 7o B SR O S RS B I Bkda EAY D & 9 2B SAE L
TW5h. ZOEEWIEFTHE, Fig. 3.L(KFANIAR Lz & 5 720K EH D & ORI O HEL
SUIFA LRV ZHUTRE T TR O ORIRE S RKE T & TE <, #ilnsgs
T2 BRSO THRIEIEE O KE BB S I RREIZH 0, O L =N ET D Lk
TEH O SEIZB D CRMRHEIENE T D720 TH L. KREAE FOHEICITiREEER
1] & [EAEHE U 7 S O —E 0 O DB R g 2 BAdE T 5 2 L2k, FRUT L0 Rk
SNTZRK DA O OWRAR %25 Z5A A THNBIZHGHRICE T 5.

LED X D1z, BIETTIE, KRAET & L TR & lReE & oFEMigIc B ET D
WIELGZ LV OENLIH 2 b OO0, SEMZRZEENIELL Ty, FERENSEETD
ZENbhns.
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124°C (49.7kPa) 164°C (52.2kPa) 240°C (50.7kPa)

Oms

0.5ms

1.0ms

1.5ms

2.0ms

2.5ms

3.0ms

3.5ms

4.0ms

4.5ms

Fig. 4.7 Time sequential images of boiling behavior of droplets impinging to
heated liquid metal surface in reduced pressure condition. The collision velocity of
droplets was 0.43m/s. The surface temperature was 124°C (Left), 164°C (Center),
240°C (Right). The pressure was 49.7kPa (Left), 52.2kPa (Center), 50.7kPa (Right).
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4.3 EFRIHIE

T T FEBRICB WD TREN R ORmMIRE ISR T 22O AWEEZ I T /o7, Fig. 4.9

%ﬁmfﬂl%C#gzmc BT BN OWER R 2T, 7ok, KRN 240°C
VL EIZBW TR 2 ZEICER T 2 2 N TET, WELB > TRy, £72, Fig.
481 kaTmﬂmﬁ%(l¢O 22 0.41m/s) & D D=, Bz @mEVE & L
FHER R Z RS, MP oMY, MEEZZOEELHLZLOTHS. WL T OEIE
MO LFEEE, KRRETOHELRETHY, BREHNBEED LRICE bW ad
WZHEIN9 2 aEIk GEEVEE: 24K 25 80K) &, JEMEIR 2R3 fEIR GEEVE: 80K 725 242K)
WIFET D, L L, @EVEN 24K IZHB W TIE, B SRAET, @EVE ) 80K LU 1
IZBWTITREEICIIT 2 EBARRIOK) 2 FOMEL 725, BIE TIZR TRV 20
7REENMEL R 2 R TR KR FICR T 22 E BT R72 201, BIE T EBRO WMWK
BENKRKEF LB L THWZDTHS.

ZORRIY, BWEFTHREARMMARAET L2, BLOEOWRMBEIZRT 2 2(bF;
PEERQETOLOEIZERETHL Z b0 D. ZOMELY, v 7 v FT=3iic &
DR S DEROTIUE, BRI EZRESELEHERTRNENZD. £, BEYE
23 80K LL B3 WNTUE T OBBALRFF S KKUE N ORI O 25 & 725 &0 ) R
BRI ORAEICEBICI VAR SNDELZDRBERL TV 2R T 550 ThHD &
EzohD.
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Fig. 4.9 Delay time at different surface temperature in reduced
pressure condition. The collision velocity was 0.43m/s. The pressure
in the vessel was 502+ 3kPa. The plot is original measured data.

T [e) I T I
4_ Pressure °© —
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Fig. 4.8 Comparison of delay time at atmospheric pressure and
reduced pressure. The collision velocity of atmospheric pressure was

0.41m/s and the one in reduced pressure condition was 0.43m/s.
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5.1 EEIRFRIZEAEET NV

INETIORLEERBEREIY, BARMZREESE2ERIL, KiHEREERE DR
HMNZHFET D 2ER, BLY, BWMOBRRICIVAERSKDIAKTHY, REIEEZIZXD
KEM L AR D BERAN R B2 60D, £, RERENEHIROES, RS BSFE
LR Z S XD IR EE N @A S N TRBE L 72 0, ARBA A U TV D ATREME N &
5. LR T, BREHEOBETERNNRLD EE2 5N @BBERER T Lo T, Bh
RFRAEET NV OBRT 2 272> Tl

5.1.1 @B 0K~60K

Fig. 3.15 [Z/R L7= & 91T, @BV OK 7> 5 60K (2B W T, EAUERERITEEE (2% LT
—EfEE 2D, £z, Fig. 317 R L X DI, WEVEN 4K DA, R O biX
ZEHEED RS L LCRT LN TE S, DF 0 BIVEERIE 2258 EE |2 Lo LT
5. 6T, Fig. 481 L7 X 91C, JBJE F(50+£3kPa) T, IMEVEA 24K DIGE, IV
I E LRV, ZRODREREY, ZoWMBEHEKICIS W CENFEFRIL, Fig. 5.1 1277
£ O &R AR & O R RRNCAFAET D 2858, BZEOMEME I X 0 R &S
WCHEH SN2 £ TICET LM TH D EWVR D, 20 EARBIIRAETTEmIEE LB
MOFRAEITEEE RIT X720, ZBRICEVARIND AR, BRI Z2R4AE S5 ER
THDHHE, EAR IR IR OB U CHIMER 2R3, 2k, BRICE DR
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SAERENMREORMAREICLVRESNDS O THY, RKEREIT L CEIKEHE
— A LD 1L, BRICEIDEENE LN L EEWT 5. £, BRI E
FEREDO—RBEIC L W RT Z LN TE DERIT, BARFM R R EBICAAET =0
HEEE LTERTED I 27T, REMICEABICL Y AZINRET L2856, AROE
I L > CEARMIZRZR S, 2 LT, ZORKAREIIRESEEE) S b
HREICIVRESNDHOTHY, N Do < 0 LR EESBERICET T 51% EHKiH
32 < OBEZEE - BYSZIC K VIREESBERE LV ZT 5. 207w, EIGERE D ED
T 256, MEHE ORI K DK HEE O & & bIZ, BESBREENOEZD
NDBEORINNC X 2 RKAERRBEORINAND 0, AR I 280 (26 L CHL M7 b
BIBELR & 17 B2V, 207, REREMEWIGEICBWTIE, ARBICK D BAET LK
RUITFEAERELTELT, EURFMICEEL TV RVWENR S, 2L T, ZOHEIC
ISR ISR &R B R ERIC S &b EFAET 2R, REM L0 T Sh
5 E TICET D EEMNENER & 25, £ LT, ZRICEVENKRIARET O, K’
K& R EE RIS BEE LW To®, B X ORISR 0 2 23N i O 221 & 0 AT
THEHTHD.

Droplet

Delay time = f(v)
v:Inertial force
(Collision velocity)

N No phase-change Flow of air
T Liquid metal surface

Emission of air by inertial force of collision

Fig. 5.1 Schematic of generation mechanism of delay time at superheat from 0K
to 60K.
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5.1.2 JBEE:60K~80K

WEVE 73 60K 225 80K IZH W TIiE, Fig. 3151k L7z & 912, EAEERITIEEE o N
W% LR el IMEm 2 7R LTV A, itqHQBNhTLti9_,$ﬂﬁW@WM%
PEIT, EREEORFESE L TERT I LNTE, %ﬂr“rbw&u\%é\&ttixbf@rﬁﬁsr“
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A EBBIR. ETo, WEVED 60K ORTEICI T DR OWEET 2 i 5 &, HH
FE78 60K LA E DB EITIT, BRI IR OBIB A RAE L T D Z ENHERSND Z &b,
Z DO JEFIZ F N TARFE DN FE AT D W BAE N AR B R 1N 36 1T 2 R O WS IELE & %f
JELTWD EHEI SN D.

Droplet

Delay time=1(v, T)
v:Inertial force
T:Vapor content

Evaporation occurs Flow of vapor

T Liquid metal surface
Fig. 5.2 Schematic of generation mechanism of delay time at superheat from 60K to
80K.
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AR EE O BRI & b R WA Z R LT 5. ZofmiE, ElRoET7 /1Tl
BT 22 ENTET, ZORMEFIRICBWTOALIET HMBBIG N BRI N TR
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(a)

Droplet

Delay time=g(v, T)
v:Inertial force
T:Vapor content

Spontaneous

nucleation The contact of the droplet and surface

=-- is prevented by the thin vapor film
Liquid metal surface because surface roughness does not
exist.

(b)

Droplet

Boiling  =nnnnnnneann- Rapid boiling is initiated by

— spontaneous nucleation.

I innid metal ciirfare
Fig. 5.3 Schematic of generation mechanism of delay time at superheat from 80K to around

contact limit temperature Tcl. The droplet initiate boiling without contacting to the liquid
metal surface at this superheat region. (a) Before start of spontaneous nucleation (b) After
initiation of boiling.
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DRKEPR SN D72, REITEA IS, BREAERIIRAE L. o, Ak
HEICLVEAG ALV, OF DR ITEREZR D SIEBEIRE L 2o Tns., 207z
DIRFITEZE L%, TOEFRESBRRRL Y KRBT DH. 0B, BT 2WRIZBNT,
TR IR B R S BN 2 EANC B W CHESBIIA S N 2 BIG Bl S iz, £ 0
SAEFPIIHED L ZARHATH 5.

Droplet

Thedropletis not overheated
.- becausethethickness of

-

.~~~/ vaporis enough thick.

f— — _flowgfvapor

_________ /
\T\ Liquid metal surface

Velocity of emission < Amount of vapor generation

Fig. 5.4 Schematic of generation mechanism of delay time at superheat from 80K to around
contact limit temperature. The droplet does not contact to the liquid metal surface at this
superheat region.

DUbzFEoHd L, BURFRORERIY, WEEIZS U TR, LFO 4 SOfEk
IHEEND.
OZFEMFERT, 2R EAUREHA] 2 R 2E S 2 FEI G EVE : OK~60K)
@ZFENT L0 T84T 5 7K IRAURE] 256 2 &t 5 FEIk G EVE: 60K~80K)
@l U DR, HREARIC K DAL U 2 SR GE A 80K~ 2t (R TR EE Ty 1
iIr)
ORRZDIEDNER L 720, il - BREZARRDIFEAE U722 GEIk GEREVE BRI T,
fHr~)
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5.2 PP DRE:

AH TILHLARPED WL O ihig 2sEh I X BRI RIT T B e MA T 527202k 2
72 o7z, FC-3283, 6 X UVKEKZMEN LI ERKERIZHOWTRT. FROFIRIT Lk L7
FEEUK AR L2 FEBREFEETH Y, FC-3283 OWPEfEIL, Table. 21 IR L& B0 TH
2.

5.2.1 FC-3283
5.2.1.1 ¥pigZEE)BI%:

Fig. 5.5, Fig. 5.6 [ZTH 223 AL 0.42 m/s, K ERE 106°C (XHA) | 147°C (KFEAH) ,
208°C (XH47) 1231F 5 FC-3283 Ml L 7= HEBROMREAE R 2 ~7. KIZIL 15 ms T & D
REAE R ASCH LT Y, Fig. 5.5 1ZHZ) Oms 2> 5 6.0ms DR AHE, Fig. 5.6 1LFEZ] 7.5ms
ﬁ%mam®méﬁ%f%é ZOWREAER LV, WRIC FC-3283 i L7, W

KRR 2 L7258 i U T, BRI IEF ISR <, #iE & ikiRe)E & ol

b2kl Z v iz nwa &ﬂbbé RIRE T 2BHROZE I Z BTN &, %ﬁmf
23 106°C DA (K /L), 5.0ms 725 7.5ms DI TEESIR ORI 22 2L 3 iR &
Z OFRFANZ B W TN AL T D. iﬁﬂﬂ3ﬂ.$£%ﬁkﬁ@%@§,%@mrﬂ
A 31T 2 ki O 25 268h & k9~ 5 &, FC-3283 DIEIHITR (LN K E W E2b
2% . T FC-3283 ORER N DFERAKDKI 6 50D 1 DIETHH7-DThH 5. £7-,10.5ms
LR O—HRTEEL, MR E 72> T EFICER L CO A TABIERIN D, KEE
FES 148 COGa (P EAT), Wi ITREEeRE & e, K RIZIRRS-7-#%, 6.0ms
X0 REIENC L HUUHHEE 2 3 Z 7220, 13.5ms ([CR W THRMEIIICET LB RFE LT
L. BOAE T HREIRED 106 COYH & ARZFE 2 i+ 25 &, 7.5ms LV ZDOENN
BAZE L 7o T D, 13.5ms IZEBW TR BIRIZIIARR & 720, 20 BED B/ INKTT 3 57 B
LTW5. KEIRED 208 COLGE(XTEH), £OEBEMIRERED 148°COLHE & 1X

EFRETHD. LnL, WK BEST 24, 36 L OVHEE L 7o/ N 25 5 12 EE) 3 2 08
ENETFE > TWD.

OEN, EIEHEIC L DB B DL OV TRT. Fig. 5.7, Fig. 5.8 I3 IR 138°C,
EZSHE 0.37mis (XH7E) , 0.42m/s (KIHEAH) , 0.52m/s (KIHA) (2B 2 ER R T
b5, HITiT15ms Z L O R EFHEH L TRV, Fig. 5.7 IZFEZ] Oms 225 6.0ms Ofipiy
fiti A, Fig. 5.8 IXRf4 7.5ms 726 13.5ms DfiREAE R T 5. MHIEHE DS 0.37mls DLE (K
1), Wi &R IRA R & OREMIIMERR S VT, 4.5ms FCHGEIEFRE LIZIAAY Y, 6.0ms (28
W TR EEY 2 BAA LT 5. 13.8ms IZBWTIERm LT DRI CH Y, EKiHE
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WIEFARRICEE L TR Y, 20 B O/NERD 3B L TV 2. 283D 0.42m/s D5
BEFEAS), 6.0ms 725 7.5ms (T3 THHE O EFTAR DS ERIR DY & RIEA O B~ L 284E,
LTHEY, BEMAETTWEZ ERnbad. 12.0ms (2B W T B S /NER 2 EJ57 2 m
2o THHEL TERY, 13.5ms ([ZBWTIE, ZrBE L 7o/ MEE &R & oI S BIT/h S 720K
RTERR ST D, EZEHEN 0.52mis DA (K A), Wi O LR BNIIER ITRLE
BRbOLRo TS, ZOEZEE IV TR RS ORI D R S T,
ENRMZERT L2 ENTER. F2, I 135ms IZB W TH AR L T,

79



%5

OB

106°C 148°C 208°C

Oms

1.5ms

3.0ms

4.5ms

6.0ms

i —

Fig. 5.5 Time sequential images of impinging behavior of FC-3283 droplets to the

heated liquid metal surface during Oms to 6.0ms. The collision velocity of droplets
was 0.42m/s. The surface temperature was 106°C(Left), 147°C(Center), 208°C
(Right).
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106°C 148°C 208°C

7.5ms

9.0ms

10.5ms

12.0ms

13.5ms

Fig. 5.6 Time sequential images of impinging behawor of FC-3283 droplets to the
heated liquid metal surface during 7.5ms to 13.5ms. The collision velocity of droplets
was 0.42m/s. The surface temperature was 106°C(Left), 147°C(Center), 208°C(Right).
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0.37m/s 0.42m/s 0.52m/s

Ooms

1.5ms

3.0ms

4.5ms

6.0ms

Fig. 5.7 Time sequential images of impinging behavior of FC-3283 droplets to the
heated liquid metal surface during Oms to 6.0ms. The surface temperature was
138°C. The collision velocity of droplets was 0.37m/s(Left), 0.42m/s(Center),
0.52m/s(Right).
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0.37m/s 0.42m/s 0.52m/s

7.5ms

9.0ms

10.5ms

12.0ms

13.5ms

Fig. 5.8 Time sequential images of impinging behavior of FC-3283 droplets to the
heated liquid metal surface during 7.5ms to 13.5ms. The surface temperature was
138°C. The collision velocity of droplets was 0.37m/s(Left), 0.42m/s(Center),
0.52m/s(Right).

83



BoE BH

5.2.1.2 BIRFRIHIE

DNT, B ORERE ROV THATWHL . Bk L=k 51, FC-3283 i L7-
Yrty, W & RIREJR & OB ICEE Z v I2< < 72D, £, FC-3283 OREIE I/
SV, W OEEDBREV. Z O, HZEHEEN 0.41m/s L EIZBWTIE, #filf o
HWENSKETHY, BENRHOWMEEI /) 2N TE o7, £z, BNREHOME
ZEH IR D20 B AR OB BIZ L 0 JE L CTUev. Fig. 5.9 (ZHfZEHE 0.42m/s(BH
@), 0.37m/s(BIH D)2 331F 2 Rl T3 2B O b A =3, 723, KR OfEIL,
HEICLVELNEEZOEETH LD TH D, HZLHED 0.37m/s DA (K FO),
FEEFED 132.8°CLL TR W I EflN A Upinotz, F72, HmIREN 132.8CLLTFIC
BV TEIRFRNIIA 5.5ms O—EE & 72 0, RERE ORI RT LT L2gv. E2EHE
23 0.42m/s DA (X @), FIEIEEN 147.4°CLLEIZRB W TIEEMAE Uo7z, ZOiR
FELLFICIRWTIE, BESEHEEEDS 0.37Tm/s D6 & [RIERIS, BEAURFFIEA 6.3ms D —Efi & 72
D, FEIEEICH L TEE LAY, 20X 912 FC-3283 OHEflR SRR X RUK 26 L
TS5 E OB IR & L TIRWVIRE L 2> T D, Fe, BRRERIOMIE, HEH
PHPIZ I CHEFZEIEEE 0.42mis D56 D J7 3 EZEHEE 0.37Tm/s DR a LV b RE 2L 7o
TEY, EEEEDRKEWGEOHTREARRZARE V. ZHUX Fig. 3.15 128 L7 kDK
A L7 SA O & KO Th 503, TORKIFAHTHL. Fi, Bk
MOE L L CIEEHEIRED 100°CH 5 140°CORIZE W THRUK DA O 4 (5005 6 5D
E& 72> Tnd. LLEIZR LT FC-3283 A ikl & LT L7258 o ke & Rk %
L7z a DR E OHEZE L DL LU TOLIITRD.

OHAPRFURE 2 E L URVRE L 725
QEEfRIRREICE S £ CRmMBEICK LT —Ef L e D

@IFI A (FE MR - E25HEE)ICI1T 5 FC-3283 DRI & K RUK OB & & kel
% &, FC-3283 DEENIFHITFERAKDBENFH DK 4 5025 6 5D L 72 5.

OFZEHE DR EZ VT BN OEIIRE < 785

@O, @IZBL T, FC-3283 DIEFLRERHITHEARIR IR IZE 2 & TREIRE IR L T— &l
L7, ZOEFHEIIEROK OB E RE B D, Fe, T OEAMRIEE TR
BUKZMEH U7 h & el LT 120K IRV VR & 70 > T b FERUK OB URERIE, 3.1.1
R L7z d 91, BEREICH L TELL, ZE51IRLEL DI, EARERM O AR
FAEFRPREREICLVE(LT 220 EE205. ZOMEEREDIEOENE L
LlZE 2 D L, FC-3283 DEIFIZAKIENEROKOEN LG LT3 D L OETH Y, %
PERIEFNZE N EREEL TND EE X HND. FC-3283 DOl AT KEIE FIZHBWTH
128CTH v, BRI DOIEAT 2 IR B ARk (e fid FR FUREE DL T o0 BVEE GRS 13 Z Dk i &
D B ARV VIERBVE | ZPRE ST D . RRICTE 2SI 0O /s SUWVEFZEHEE DY 0.37m/s (2351) % B
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FRFUEEE 13K 130°C & RO i L IRIZFEREDE & 72> T D, DFE Y, FC-3283 A L
A, WROHERENIEFICTE L, O NEHIEBICB W CRENRET D ELED
ARRDNERSND T2, EEMBBE LR 2D, BRKOEAIZIE, HRENMEL ZE
HENRELTZGEICL T ORAKIDER SN RN ENLEMNBRETCD. 20D,
FC-3283 % il L7235 & I E S 4L 2 VR TR & R4 8 o L MISAFAE T D 22K
MNP SN2 F TICET 2R & L CER S, BRDREE LIGA ITIT#EMN5E
BAZET 225,

U EOiEimaiE 2T, OQICBLTATHADE, FEMOZEE A U H 385 (P )
BIRIET DEZRIC K HIEMET A, FC-3283 A L= A ICIT UK 2 L7556 & g
LRIV DIZRIGHIC BT 2 BIERN KR E < 78D L& X HiLd. FC-3283 D ITR
KO 2 {5 THDH, WO ERIIRERKEHOBERDOK 2 55D 1 DETHDH. ZD7
W, [RIEZEH L3610 2 LRSI O 3 2 B & (1E M ))& ik 9~ 5 & FC-3283 il
B R KR OEB & DK 4 50 1 OffiL 785, ZO7-9HIZ FC-3283 DIEAIUREH 23
FaROK OBALRFRI O 4 5025 6 (EDHEIC/R D B X HbID.

7L, @WICEALTUIINETOBRICL VBT L Z R TE V. BRFHZ22ER
MHEHEN D £ CTORM & EHRT HLEITIE, BRI ZSHE OB & & 7 N
L7adiud7e 3, @ORRIIINEIIRFIO LD THD. ZOX I 7fiRkERD—2D
IR & LTI, FC-3283 A L7 A ICIT BN IEF IR <, BBt S5 & A
LU BWTEIEAIEES 2 L CWD Z ERDITOND. Wi EZE%, B A
E LW EBRAT DD TH DD, ZORBNKEINAEWEAICIE, R ETEN-T
BICHUFEENCBATT 5. 2 ORFO R OZEL[OFAL, ERRFOZ L i 2B &
o TNDEBRZLI, ZOWMNDOECPEIDHE KT 5 BN R O R D2k & F A4
SHETWDLEHER SIS, Fo, ZONFEEEZ L T DIEFRIZIBW T, EiZ22RF ORI
DETHEMENINZEAERVIRREL 2> TE Y, #MERESEDLIAN=XLNR, h
F T L CE MM O%ER, EREARKROPHE VW o7ob D &3 RR > TV AEE
HEbdDH. BT 5L, BEMORAE L RWEIICI W TR AR E 2 D KT 5 BT
B W THMABMB SN IBSENEBE SN, 0L X I(CEH L HEEBORmEICE->T
SENDBBNTHRNZ ED B REMOEK, BLOZER AP T 5 %&E &2 R 35K
DMEME DISME S AFAET 5 AIREMEIEE E T E 720,
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8 T I T : I : T I T I
i | | Collision velocity |
i i ® 0.42m/s
° ® ¢ ® Tclat042m/s O 0.37m/s
6r 4 | | (148C) .
B iTclat 037ms
I ((132°C)!

Delay time[ms]
T

N
T

1 ] L ] h ] 1 ] 1
fbo 120 140 160 180 200
Surface temperature[ “C]

Fig. 5.9 The delay times of FC-3283 droplets at different surface
temperature. Tcl shows the contact limit temperature.

5.2.2 AKiBK

HEKITHEHEBO T O T 8L < OUIN % 5 ATV 5 [28]. ABFFE TR LT
HA A AZHIEIZ X DRERUK & Z OAKEKROPVEDENZONTE 2D L, R EDR
PN X0 A2 Z 0T WRERNIRE S B2, ZOMOYYEMBI 2 IXHE - Bifh
)72 EIXHHIEVMECTH A B2 6D, £, O ERLATIME S EIZE AT
WD, HIEEARIBEIIRERUK &g U TR R EHEIS D, 2oz, KK
EHALT, BRUKEZEH LGS LRI L CGENERIORIEZ B 22, ZOkE%E
g2 2 & T, BARFRIEAETT VOME, 3 X OUEMIEN R I RIS 8O
HWMAEFENOD Z LN TE D, LLUFICHEIRICAKEKZ R L7256 ORI RE R 24
AT RE, WEOWEEENE, HREOKEAMEH L7256 L1 A CRBRORER o772
», AT 5.

5.2.2.1 RmEEITHTHE4L

Fig. 5.10 (ZFREIEEED 100°CH> 5 300°CIZ I 1T B KB K 24l L 72554 00 33 AU R 2k
RErd. WETRERKZER L7256 L RRRIC, B2l 0.53m/s(KH A), 0.43m/s(BdH
@), 0.39M/s(HF DA HONTIEZ ARV, KPOMEIZE RS IT D EEEM O
BECTHD. ZOFEREHD L, KEKEMHEH LTSGEOEBNRR O, RERECKTT S
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ZACHEEIX, Fig. 315 1R LI RUKZEH L2 GE LR O TH Y, REIBEIZR L
TR DNEIE—EME & 72 5 R IR R, FRER BT U CEAVIRE H 23 B 2 BN
F) 2 7B, SRR ISR L CME A &2 R IR D 3 D OREI AN EET 5. B2
2% 0.39m/s OEFE (X)), AR, REIRED 106°CHH 183°CITHBWT 1.2ms 726
1.6ms DIFIE—EME & 720, KB 183°CH 5 202°CITH VT 1.2ms 205 2.5ms & &
BIZHIINT 4. FREIRED 202°CH 5 281°CIZIWTIE 2.5ms 725 1.8ms ~ & FE00 728/
fEmzR L, REIRED 281°CH>5 307°CIZHVT 1.8ms 2> 5 2.9ms ~ & FF OVRIK 7 86
Mz 9. AN 0.43m/s O (XT @), EALRHIX, RimiEE2 106°CA5 183Cic
BT 0.8ms 225 LIms DIFIEF—EE & 220, KRR 183°CHH 202°CIZFVTix 0.8ms
D 1.5ms ~ & AICEINT 5. FREIRE D 202°CLL FIZR W TR el i 25 L
TV 5. TEZEEHEED 0.53m/s DA (X A), EAFERIE, FmiREN 106°CH 5 183°CliE
VT 0.4ms A5 0.7ms DIRIE—EME & 72V, FKHEIBEN 183CTH 5 202°CI2IVTik 0.7ms
235 1.0ms ~ & N9 5 . RAERE A 202°CLL EIZB W TEfEe el #im 2 8. 72,
EIEENRKEWVIFE, FREBEICBIT 2ENRRITIRELS RoTW5. 7, KiEK
A LZSAICE, BERAURE TE S Rnotz. 2oL DI, KEAKEMER L
Yrr OEEFURFENZ, REIREIT LT, BRUKZMEH L72hE L RROZB Rt L 72 5.

T T T
4+ Collision velocity|
A 0.53m/s
L ® (0.43m/s
) 0 0.39m/s
E3r 0
z | ; -
=]
> 2_ ] O [m] O ]
(441
< o . ° .
a 1l e E o o A @ e . _
A A A z A A ® [}
A A A ]
. L . L
POO 200 300

Surface temperature[ “C]
Fig. 5.10 The delay times of tap water droplet at different surface
temperature. The plots are arithmetic average value of some measured

results at each condition.
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5.2.2.2 EEHEEITHNT 5E1E

Fig. 5.11 (ZfEfZE@ LAY 0.26m/s 225 0.68m/s (Z351F 2 AR O ERE R 2~ 3. JIEI
FAERED 105°C(IXH ), 202°C(XH @), 305°C(XFA)DHFAIZONTE I 22, KFI
RO L 723 SRS B T 2 BRI EMB OV HETH 2. _@F%io LIRSy

BN OB LT, Fig. 3.17 (2R L7 ERUK 2 L7285 FEFREETH Y, T
TORBBEDGEEIZBWT, BB IXEZ2®EE o801 ﬂbfﬂ@ﬁﬁ%rb D

JMEEN IR EIREIC X Y B s, FEIREN 105°COGE(XF ), AU (X 2%
DB L THA L, ZOZITEZREE DO —REKIC LV RTZ LN TE L. Kl
RN 202 COGE (X @), FEAURFHRITEZEE B O ¥ 6 L TR AEm 2R L,

FOEACITEZEEE DRI & L TERST Z LN TE 5. RIEEN 300COHE(XHA),
FEAURERE OB, FEIREEDS 202°COYE & RIGRIC, Ml O REREE LTET
TLEMTEDLN, TORBIIRIEEN 202°COHEE L0 b/NS L 2D (EREEICRT D
ZAERKREL 72 5). £z, 0.3Tm/s [ZHB W CTHEAIRHE N ELZ SN D, £, KUK EfE
ML 5E &[RRI, 29 0.45m/s L EDOSHIC B W TIER IR IC & 2 B o
BACRFEIED A R ENRNZ LD, HRIC K HEMEAPN BRI AZIRET D9 2 TO
TR R B E 7o TWVWD Z RS,

. T : I T I T
4+ E vel at 305°C Surfage tg(r)gp)érature_
i ® 202C
Ty | o 105C
£, 3r | T
= o e
= !
2 - ]
> o 7 e
Ot . o 8 .
I
| 2489 2 2
1 I 1 I D 1
82 04 0.6 0.8

Collision velocity[m/s]

Fig. 5.11 The delay times of tap water droplet at different collision
velocity. The plots are arithmetic average values of some measured results

at each condition. V, shows contact limit velocity.
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5.2.2.3 FBUK & Dl

1% U DI R R FE 69 D AU O 2 Iz W T Eilg 2 38 Z 72 9 . Fig. 5.12, Fig. 5.13,
Fig. 5.14 [3RMEIREICHT 2RE0K (N @) &/AKEK (KHO) DOFEIVRFRH DL % [Fkk
DOEZERE Z L\ LA R CTH D . Fig. 5.12 13 E24HE 0.37m/s 123 1) B FEHLK O F
&, TEZEEREE 0.39m/s (2331 D /KEKOFE RO LLEE, Fig. 5.13 (XfE 228 0.41m/s (281 5
*iiﬂkﬁhft%k TS L 0.43m/s 1235 1T D /KIEK DRSO Hig, Fig. 5.14 [ XE 225 E 0.51m/s

B HHEEUKOFER &, BZEHE 0.53m/s (2B 52 KEKDFEROLE TH L. b
ﬁ%i@,Eﬂﬁ%ﬂ%@@%m@ﬁ%m?%EMEﬁﬂﬂ%%Kk*ﬁmkTE@%:
L, BXOY, EFRmIEEIZHT 2 KEKDOENREREFRK OB LY /hE<7kd
ZENDND. Fig. 5.12 IZOWTH D &, FEHRUK & KEK OB FUVRIZ R mIRE DY 100°C 2>
5 160 COMICBWTIRIEE LVMEE 7> TWA. L L, FEIEEN 160°CH5 180°CIzE
W, FERUK ORIV 258 1.5ms 725 3.0ms ~ & BB N2 R 9Dlcxt L, KiEKOIRE
NI —EEOEE Th 5. FRUKOBIVRERHIL, RERLD 180°CLL EIZBWTHESL D
PR BB A &2 ok L, R ETREE S 238°CIe B\ TS I8 L 72 < 72 2 (KR HfE AR, — 57
KT DEIVRFRIE, FEEEA 180°C2 5 200°CORIZIVT 1.2 705 2.5ms ~ & A
B9 5. £7z, FEIBE 200°CH 5 280 C OB W TR R BB 2R L, &
IREEAY 280°C 725 300°CIZHBWTITHEMMEM & 72 5 > T\ DS, HERFUREITER IR
V. F e, BREIREICBWNT, BRUKOBRERIL, KEKOEIRR XD bR 22l
Lo TEY, RIEEEN 2000CLL EIZB W TZOEWRIEE £ 725, Fig. 5.13 ([Z2W\WTHh
%L, Fig.5.12 DA L REEIC, TEAVRER 23 2% 22 B ) 2 R IR EE SRR S 2 v, i
KD PV EIEEE Y 160°C 5 180°CORICHB W THI L TWAH DI L, AKiEAKD
FEAREIE 180°CH 5 200°C OB W CTHMME A A Hivd. £, UK OBV
KRS 280°CH 5 310°COMIZI W TEIHITHIM L TW D DIZx L, KiEKDOIEFUREH]
IXIEIE—EE L2 > TV, Fig. 5.14 12OV THAD L, MHFDOERITIINE TICRTE M
ZEHRE DA LI LTS WH OO, FRAURER 3B IME R % 7= 3 3% i i sk o0 W &
T HIENTED.

LLED X 51z, FERUK ORI & KGEK ORIV RIE, 2828 2R+ R ik
fﬁ@#iﬁ@ W DOZERIIEIGEE DN/ NS VI EBE L 70D, Bl L7 X 9 ITKIEK
IIRBROK L I L CEBORMINEENTE Y, TOREMIIGRINTREL 72> T
L. ZO7®, KEKOFFIZEKIEITRERK L R L TE, ZRBEZ VIV, £,
M L0 BREARIBE IR 225, 2O, BRI A HEIME 8 & 7595 fo iR
TEIRAVRE K & bl U TR 722 0, £/, RERED ®IROSGE (FEEIRE 200C~)I2HB0\ T
I3 B A ROV RERK & el U CORAE LT <, BRI NS E s 72 5.
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Surface temperature[ C]
Fig. 5.12 Comparison of the delay times of purified water and tap water, at different surface
temperature. The collision velocity of purified water droplet was 0.37m/s and the collision

velocity of tap water droplet was 0.39m/s. Tcl shows contact limit temperature.

T T T T
4+ ® Purified water
(v=0.41m/s)
L O Tap water 4
Iy (v=0.43m/s)
E 3 ]
C'E-’ | ° i
*; oL ° |
% - o0 ¢ ) o . :
°
o 1_8 8 .O o o o Oe¢ o o o -
9 1 I 1 I
00 200 300

Surface temperature[ “C]
Fig. 5.13Comparison of the delay times of purified water and tap water, at different surface
temperature. The collision velocity of purified water droplet was 0.41m/s and the collision

velocity of tap water droplet was 0.43m/s.
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Fig. 5.14 Comparison of the delay times of purified water and tap water, at different surface
temperature. The collision velocity of purified water droplet was 0.51m/s and the collision

velocity of tap water droplet was 0.53m/s.

DONT, LI T DN O A 272 9. Fig. 5.15, Fig. 5.16, Fig. 5.17
IXEZEHEE ISt A RUK (KT @) &kiEAK (KFO) oENIFMOZE(E, ORI
BEZLICHE LSO TH D, Fig. 5.15 (XRIMIEE 104 CIB T 2 ERUKOMER L, #iH
IR 105°CI 31T D AGE K DOFE RO EL#k, Fig. 5.16 X R 198°CI2 51T 5 KRk o fif 5
&, RERE 202°CIZBT 2 KEKDOFER O, Fig. 5.17 1T # EIEE 298°Clcis 1) 2 Kyl
KOFER &, FREEE 305°CICHBIT HKEKDERDOLEETHD. ZNODOFEELY, K
K & IKIEK DE IR B 6 2 AR R OZAVRrMELE, AR ERE IC W TRBEO M %
AT EDNDND. Fig. 5.15 IT2WWTH D &, FERUKDOBEFVRER] & KK O EEIURFRITIFIE
FREDOFER L 2o TNDZ ERbND. ZOFREIREIZBWTIE, 8%5@?&%%1@%
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FEBRUK O BEAURF R XA B 2SI B W CKEAKR DR LV $ K&l s 2o TRY,
KRR Uiz, E29EEY 0.32m/s DL IR W IS T A Leuy (X R fE s
) . Fig.5.17 12O\ TH D &, ik L7z Fig. 5.16 DFA L FERRIZ, &H 5 ORI & E
EHEDORFRIIC IV RIND. UL, SEEHEIZBIT 2 HHE ORI R IR E D
104°C (Fig. 5.15) , 198°C (Fig.5.16) OHFAITHARTREL Ae- TR Y, HEMFR L ¢ 5
IRHMEERD.
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Fig. 5.15 Comparison of the delay times of purified water and tap water, at different collision
velocity. The surface temperature of purified water result was 104°C and the surface
temperature of tap water result was 105°C.
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Fig. 5.16 Comparison of the delay times of purified water and tap water, at different collision
velocity. The surface temperature of purified water result was 198°C and the surface

temperature of tap water result was 202°C. vcl shows contact limit temperature.
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Fig. 5.17 Comparison of the delay times of purified water and tap water, at different collision
velocity. The surface temperature of purified water result was 298°C and the surface

temperature of tap water result was 305°C. vcl shows contact limit temperature.
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NTER, 2O, AEITIE 10000fps X 0 & @il 2l mE 2BV T, RSSO
TEREENICBISET D ERARRAAEIVREEZS o7 R 2R L, BEOELWY
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RET 5 Z LAMRINT. ZORENTIKFIELO TR SN D EBREZ S &1
FELTND Z &, HEAERTII IV THREES & RES BRI & OMICHFET 578K
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Fig. 5.18 Time sequential images of droplet boiling behavior. The shooting speed was
100000fps. The surface temperature of the liquid metal was 245°C. The collision velocity of

the droplet was 0.41m/s. The numbers in the images show time from the moment of the

collision.
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Fig. 5.19 Time sequential images of droplet boiling behavior when the direction of
irradiation of light was changed from Fig. 5.18. The shooting speed was 100000fps. The
surface temperature of the liquid metal was 245°C. The collision velocity of the droplet was

0.41m/s. The numbers in the images show time from the moment of the collision.
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Fig. 5.20 Schematic of the way of pressure propagation between interfaces when

the vapor film exists between the droplet and surface.
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Fig. 5.21 Time sequential images of the FC-3283 droplet impinging to the copperplate. The
surface temperature was 200°C. The collision velocity of droplet was 0.42m/s. The droplet

diameter was 1.2mm.
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Fig. 5.22 Comparison between ds of liquid metal and ds of copperplate at
0.42m/s. The surface temperature was 200°C.
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Fig. 5.23 Comparison between ds of liquid metal and ds of copperplate at

0.60m/s. The surface temperature was 200°C.
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Fig. 5.24 Comparison between dmax of liquid metal and dmax of
copperplate, at different collision velocity of droplets. The surface

temperature was 200°C.
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AN IERR MBI 3 2 M3 T2y, Z o2, 5. ITR L2 JRE & TR
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Fig. 5.25 Time sequential images of behavior of the droplet impinging to the liquid metal
surface. The surface temperature was 214°C. The collision velocity was 0.32m/s. The droplet

does not contact to the liquid metal and bounces on the surface.
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Fig. 5.26 Time sequential images of contacting phenomena during moving upward. The
droplet is moving upward at velocity of 0.075m/s. The droplet is same with the one in . The

images are the behavior of the droplet after bouncing from the liquid metal surface six
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Fig. 5.27 Delay time and evaporation time at different surface temperature. The

|
300

collision velocity of droplets was 0.37m/s. The right vertical axis shows the delay
time and the left vertical axis shows the evaporation time. T shows contact
limit temperature and T,, shows wetting limit temperature. The plots are the

arithmetic average of measured values.
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Fig. 5.28 Delay time and evaporation time at different surface temperature. The
collision velocity of droplets was 0.41m/s. The right vertical axis shows the delay
time and the left vertical axis shows the evaporation time. The plots are the

arithmetic average of measured values.
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Fig. 5.29 Delay time and evaporation time at different surface temperature. The
collision velocity of droplets was 0.51m/s. The right vertical axis shows the delay
time and the left vertical axis shows the evaporation time. The plots are the

arithmetic average of measured values.
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Fig. 1 Time sequential images of the droplet during jet ejection between 2.5ms and 4.8ms after
impact. The surface temperature of the liquid metal was 306°C. The collision velocity of the
droplet was 0.40m/s.
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Fig. 2 Time sequential images of the droplet during jet ejection between 0.8ms and 3.5ms after
impact. The surface temperature of the liquid metal was 303°C. The collision velocity of the
droplet was 0.51m/s.
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Fig. 3 Time sequential images of the droplet during jet ejection. The collided surface was
heated copperplate. These images are the behavior of droplet during second collision. The
surface temperature of the plate was 313°C. The first collision velocity of the droplet was
0.34m/s. The dotted red line circle shows the movement of the vapor that was generated at the

the bottom interface of the droplet.
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Fig. 4 Time sequential images of the droplet during jet ejection. The collided surface was
heated copperplate. These images are the behavior of droplet during first collision. The
surface temperature of the plate was 311°C. The first collision velocity of the droplet was
311°C.
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Fig. 5 Time sequential images of the droplet during jet ejection. These images are the behavior

of the droplet in Fig. 4 during second collision to the copperplate surface.
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Fig. 6 Time sequential images of the droplet during jet ejection. These images are the
behavior of the droplet in Fig. 4 during third collision to the copperplate surface.
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Fig. 7 Time sequential images of the droplet impinging to the heated copperplate surface. These
images are the behavior of droplet during first collision to the plate surface. The surface
temperature of the plate was 258.6°C. The collision velocity of the droplet was 0.51m/s. At this
condition, the jet ejection did not occur. But the generation of the vapor cloud inside the

droplet is observed.
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