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Successive fragmentation of droplets for efficient particle production
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For the efficient production of fine metal particles, we conducted research
with the aim of evaluating the applicability to innovative particle production technology by
identifying the conditions under which liquid metals successively fragment. First, using a
high-speed camera, we clarified the behavior of metal particles that split while scattering and the
guantitative temperature. Then, metal fine particles were collected and investigated in detail from
a microscopic viewpoint using an electron microscope. As a result, we succeeded in obtaining the
diameter of metal particles and the diameter of bubbles inside. Furthermore, by combining high-speed
visualization and theoretical analysis, diffusion phenomenon inside the particles and generation of
bubbles inside were found being important for chain splitting, and continuous condensed phase
reaction at high temperature was necessary for fine particle production.



B X C—19,. F—19—1., Z—19 (i38)

1. WHIERIAR YD &

WES, 4@ 3D 7V o & R0m L IR BERE AR O PEERI A NETAL T 5T, MBLE 72 5Bk
RENRINTIET 2 IR KD BN TV D, TERIT, FEEE 2R L - kikeBIc kst L
T, MIEDOAREMEST ALK E 2 IFKEFE 2R E 1 C, #hifk L2z oA - Bkt s 2
LIk, SRR TARE L TEX. ZOHRAKT b~A RIEICBWT, fx 04 BikEEIT
DOFENTELMSRERBR LAY (K1@). T0d, BATRALET—0DLT 1 % LGk
{BIZH G LR E W I FiEIR % b, RATRERHRIMFE L TR Y, Mok v 0 gh =13 T
WEWHIIEND D, ZoMEEZ R TENE, BRI =—ANEE M REEh %,
B mhRICRETE DR EZ AT 5.

4 N )

- 3

EE ; ® ;
1'. o ('. ® ® :
vl VO U

il

533 SE OB ey
ESHE~1% BRI AT RIS HT T BEIC
(a) TERDBE D (b) RmEHRD R

XK1 Gk HEEHSRDE N
2. WEDOBH

JEEEE I, WRIREE D) 10 Bl S BRI A ZE Y KT, AR FIICH LW RERETH
% Tk EeE 2] (1 (M) - ®2) NI AHZEICER LZ. EESAAR - EEONE T
1%, MRS LI ARSI E LTRRE L, AT 2 L DI oREB YIRS, &BHkL
FoRLERMC, Zo DEESR] 2842 2 EAHRNE, /Ekofki L& kIC T
10 5Ll B SRRk 72 R LE T 5. L LBURTIE, HE8HOZE A5 & 2 503
EINTWRWNDIEEHEAL, £ F bl ANE Z 2IRANREE T O LN > T
57, ek FELEHNICICH T 2 ITIEE S T,

Z ZTCARMIZE T, RSB HESEHIIC R T DEMEZFET 5 Z & T, S ek 11
EHANF~OBAMEEZ T2 2 & ] 2 BRI, EBREFEROMmm HAFEE FEE 1 5.

2 276 A R B A @i i 4y 24

3. WFFED Tk

FREEMEERT D7D, WA E OB A G E R L, BEMRBLEN LS E1T .
EheH Ty, ISEEBOIINKRETHD. LLTIZ, Lo ks RT.

(1) "L &R

LU I, HEEDAENE X 5 2 ERMERIN-8k (URFEH) 23R s LT, k&R A2 1E
5. BRI, BERSRE DIRIKEB~OMZl, & L CHEEDHETIG LV —EHOEfE
EREINBERTHIIRELT, 774 X2 AWVTEENEMET 5. IGEEN T T 55
FEJ3 A Z (Photron Fastcam SA-X2) ZAWTC, B L& RiKmFE 23 L<HETHZ LT,



A R FOBRROFEMZ A ST 25 (X 3). T, FFEMIBEFHINEO—FTH D [
GIREEE] 2 LT, MESFEENE X 5 & & OWRTHIEE 23 E T 5

ye

N

3 EEIE D A 5 % U A LR

(2) BT HEKBEEIER

& BIRE OEE S S Z B & 24, TRENEO T ARRABREZH SN 5. Bz, Jul
KPR O X Moy T s < RS TEMEE (K4 SU3k00) & VT, (bL¥r72 50T % i
L, &RMR£ & KIBIRORE a LRI 5.

(b) &JEkiv & RIIIE

5.00kV x1.00k SE

(a) SU3500
4 BFBEMEE S T XBROT & IS plel g2

(3) ERamfitT

FIREE T AT TR DIV, Wi x Gl 2 OB RRIFALENS 6 LC, ERIBRR 1 OB )7 f 2 i
INCRIETT 4 v T 473528 T, RirEE & bICHEDRRT 5 £ TORHZ 73
L. TORER, A7 —V EREEROEMRN TREIC /R D 2 & C, MH A AT 2 B & BRI
R 25 b RETT 5.

4. WHIERCR

(1) BEBRITIRAE & BN S

TEREEEMNT, BHEHG 9OKELEUREME 7 T4 A THEL, EESRES
T FE DRI 2 FHI L 72 R %, X5 IR, @Bk O E, Rim OBLAIRIZ K- Tk
FICERL, @Rz LRl TR D Z 2R TE 5. @RI KL AL L, R
THIET, MHERRRARY IR LR T, REBICEA L, EHORICED. [JaK I L
WCIRENRKRELSEET L L5, KIEHEID X - TRENEHORE MK T3 5 Al gtk R
SND. HOET, BUKOT 21T o7& 24, IKFWMOGE, FEEED 6 FINEHPHZER A~
BMREEIC X - T, R0 A BIDBSEEHIC K-> THREV ST, BOFNCET 2 2 L6

—
(=]

<
)

Fusion

<
o

S
~

Fe + 1 wt% of C M.P. ]

<
o

10mm b

Ratio of heat consumption

—_
(=3
(=3
(=]

(=]

(=]

Axial length of the spark [mm] ' Senko-hanabi Iron spark
B 5 BRI T Dl R EE 6 KAEDBULZ



<5 FH 3k >
(MChihiro INOUE, Taiki WATANABE, and Yuzo INOKUCHI, Heat Balance of Senko—hanabi and
Iron Spark, Science and Technology of Energetic Materials, 80(4), 2019, 136—141

(2) EEHD O

X 7 12, REMERI O BARNERZ, @EED AT T LIZRRE2RT. Gon-rx
G & ODALEICKT LT, EE R 2R N RIET T4 v T 407 THZ L ThRiRAZRET 28
R FEZEE L. BONIARENARIEIT 2220 imTH Y, SEM B DR R L BAFIC—8 L
7o, FRIRRCESS Uiz, WFEEALE D O ESH S ABIMAAIE (X 7 @ Bursting point) £ CTORFR] ¢
E ROBRE, K8 IZRT. bbE URLEMBMEKOGE LD L, SRR 1/
SEWVDIZH LT, MEZUCE S EMIXERE (10ms) THDH Z LN h-oTz. ZOMR%E, BB
KOGETBIEHERZNE LT, &BEEOGE I HiAE TH 5 Z L 2 IE LT, i
T2, KIOIWRT@EY, MFIT7—V 8= 11209 ZENRHLNIR -T2, ZOREND,
& B OB ZE OAEFHEFRE, RN E DEEZE O FER M EIEFLE T dH 5 Al REME D3RR
N7z, 2L, FORYMECHONWTIE, SBOERLIBFDLETHD.

Bursting point

}

10
@ Carbon steel
O Senko-hanabi
&
o°®
= o ® —
= ® =
°
0%
°
°
10°F
: - 10° 44 - .
107 10" 107 107 107"
R{m] R¥o. ot R¥D [s]
8 &R &S E T ORER] 9 ArEEFE DM
< 5| A 3Lk >

@Kimura TARO and Chihiro INOUE, Analysis on unsteady thermal behavior of ground iron
sparks, Science and Technology of Energetic Materials, 82(2), 2021, 50—54

@ARFT KER, JE B, RBEHFKIEDO/FIGHFE BT 255, 5 29 FfRby AR T T L,
2020

(4) EZR AT B R 5

R ST SR ZN T WO &, X 10 IR, F, WREE R HIEEB LT
TR EENEULN L, BLEDERREIZELS B S D, SROMLNIGNIE, BBEE D) T
I I NTEND, BLEOESIIEEDO S T IO A TR E Y, H1Iniietis b, o
SNTOHLDRLEE t L LT, 6§ ~W0 )" THZOLND. HWT, BILENREICHSE &,
B2 (DI TRIT SN DD L FIIRIC, —(bREZELZ AL THREAIE L, 00 Tzl
WCED. BFEE LT, REZEGE WIS AIEIL, NETREET, Sikd Aoy

Fe + 02 = FeO + CO (1)

Z OB TSI BGETETH D05, MFAICINER CRINIE LT B 722X, RS INEIRRE T
RITIUE A B, BEo C, HEENERAITIL, SREHEE BIRIRESO I ENMETHDH EEZ
HALD. AWFFE T L7 R B TIE, Rl OBOLEIGIC L > TH MBS EBL S LT -,
HEH R R U7k 785 2L, WEHORIRAET v AOMANEETH Y, TNIT4E
FZELICRRDEEZLNDZ LD, MMOEBFEIZER T 2SI ZEE O & AL MO



Frigld, A%OMEL LTRSS TWDS.

10 @K 7' X

< 5| 3Lk >
@K KBS, H B B, &R Ao RGN & B IEMEEEIZRIC X B 02U O BEL, K
HEPNRABRE RS, 2021

PLEBONZEE, 2 Lo LTEINTWD, BTN O SR 4 O FfiF 2 8 8 72 4.
WZBWT, FileeS i 2SR LT,



8 7 0

Chihiro INOUE, Ryo NISHIYAMA, Yasuhiro FUJISAKI, Toshiaki KITAGAWA 81
Senko-Hanabi under Various Ambient Conditions 2020
Science and Technology of Energetic Materials 121-127
DOI
10.34571/stem.81.5 121
Taro KIMURA and Chihiro INOUE 82
Analysis on unsteady thermal behavior of ground iron sparks 2021
Science and Technology of Energetic Materials 50-54
DOI
10.34571/stem.82.2_50
Chihiro Inoue, Yuki Oishi, Yu Daimon, Go Fujii and Kaname Kawatsu
Direct Formulation of Bipropellant Thruster Performance for Quantitative Cold-Flow Diagnostic 2021
Journal of Propulsion and Power -
DOI
Chihiro Inoue, Hiroaki Yoshida, Junya Kouwa, Yuki lIwaki, Mitsunori Itoh 137
Measurement and modeling of planar airblast spray flux distributions 2021
International Journal of Multiphase Flow 103580

DOl

10.1016/j - ijmultiphaseflow.2021.103580




Chihiro Inoue and lkkan Maeda 33
On the droplet entrainment from gas-sheared liquid film 2021
Physics of Fluids 11705
DOI
10.1063/5.0038399
Chihiro INOUE Taiki WATANABE and Yuzo INOKUCHI 80
Heat Balance Characteristics of Senko-hanabi and Iron Sparks 2019
Science and Technology of Energetic Materials 136-141
DOI
Yuto TERAUCHI, Chihiro INOUE, Yu DAIMON and Go FUJII 63
Proposal of Specific Impulse Prediction Method for Bipropellant Thruster 2020
Trans. Japan Soc. Aero. Space Sci. 189-194
DOI
10.2322/tjsass-63.189
25
2020
196-199

DOl




14 1 2

2020

2020

Chihiro Inoue, Yuki Oishi, Yuto Terauchi, Yu Daimon, Go Fujii and Kaname Kawatsu

Direct Formulation and Quantitative Water-Flow Diagnostic for Bi-Propellant Thruster Performance

AIAA Propulsion Energy Forum

2020

2020




2020

29

2020

2021

2021




KACE 68

2021

Chihiro INOUE Taiki WATANABE and Yuzo INOKUCHI

Fragile Coloration Mechanism of Traditional Japanese Sparkler, Senko-Hanabi

17th International Symposium on Fireworks

2019

2019

2019

2019




2020

2020

https://aero.apl-kyushu.page/




Aix-Marseille University




