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High-Speed Visualization of Liquid Atomization Phenomena in Sparkling Fireworks
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Sparkling fireworks are composed of black powder containing no metal wrapped in a twisted paper. The fireworks
have their unique beauty. However, the physics behind the beauty is a 400-year mystery. In this study, high-speed
visualizations are conducted to study the individual stages in the life of sparkling fireworks. We find that droplets,
which will be the streaks of light, are formed from liquid atomization induced by bursting of the fireball itself or the
bubbles on the surface. The liquid droplets originate from inside the fireball and not from its surface. We successfully
capture time series of images during explosions of droplets, and determine that the bursting of the droplet is caused
by microexplosion. From the visualization results, the surface tension coefficient and the diffusion coefficient are
estimated. The mechanism of oxygen supply is also investigated.
Keywords: Sparkling Fireworks, Liquid Atomization, Bursting Bubble, Microexplosion, Physical Properties.
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Fig. 1 Sparkling fireworks before ignition.
(Black powder is wrapped in paper at the left end.)

(a) stagel

(d) stage4
(8)

(c) stage3
Fig.2 Four stages in sparkling fireworks
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Fig.4 Time series images of the bursting fireball, and ejection of gas and droplets. (backlighting image in stage2)
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Fig.5 Time series images of droplet generation process. (stage2)
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Fig.6 Schematic of droplet generation process. (vertical cross sectional view in stage2) ®
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Fig.7 Time series images of droplet generation process enhanced by shrinking fireball. (stage2)
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Fig.8 Schematic of droplet generation process enhanced by shrinking fireball.
(vertical cross sectional view in stage2)
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Fig.10 Schematic of droplet generation process. (stage3)
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(b) Time series images in every 0.1ms
Fig.11 Bursting droplet by microexplosion
(+=0ms corresponds to the time approximately 30ms after droplet ejection. )
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Fig.12 Time variation of the perforation diameter. (stage2)
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Fig.13 Time series images of bubble generation after bursting fireball. (stage2)
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Fig.14 Time series images of consecutive droplet ejection process. (Stage2)
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Fig.15 Oxygen supply by motion of fireball and molecular diffusion. (stage2, horizontal cross sectional view.)

EHEOTICHA L, —IIXRHEE BN T 512E S, (10ms)
ZDOEZITHESL &, & D F N KA FH Shi=tk, koD
KT O TN T 5. B 2(b)& /D &, KA KEROLE
FITRH L TWD Z L 2B T 5.

Stage2 Tid, KKK ~DOBEHROILR L, KEHEIZHRE)

SIVIAERIRE O KEKDTEZ D 5> DRI L - T, KERNH

WZERZ D IAE LD, Stage3 & staged DTS, WHN
HETHL DD, [JLD AT —VP/NS R 5HDT, JEH
DNRIPABRI AN IR 2 D .

6. #EER

400 FFOFHTH LMELKDOLOY LR HNCT D2 &
Z HIZ, KEK kk%ﬁ%?‘iiﬁfiﬁ A Z CREIC AT D 2

&T, MEAEKICTR T DIRRBRAL B G2 X0 FERICIH 5 2>
(Zhpodz. DU OfEima 372,

(1) KFITKERNE 2B & s . 4B DR TIE, SRR
HINFIZKERICHAET DN NEP T 5 2 L Tk Mz
L, kgipfthsing. AT, KEROBIEENGEIZ

1, KERIGHE OV B FE - TREBBW I At En 5.

KERDND O F AW X, KIS ERER 5 LR,

(2) TERD%ITIE, WSRO KERFRNIC T & - LI DRIAN
AT % = & T, %<@k%#ﬁﬁéhé

(3) KERDFEEIENEEE 010)N/m TH 5. KEKIC
FOPLFAREIT 0(10®*)mYs THh 5.

(4) KERFH~OREF YL L, FEIEIZEEE) 7 il i
DKERDFEE D ~HDFN X - T, KERNEICERZE 3 it
mans.

A, FEEFIREFHA L BN AL T, XV iEHe

KR A 2 D 2MC T B PETH 5.

I

AWFZEIE, AR 220 5 O 2014 4FFERRRI L5
HeE B DB % 521 7=, (FF)Photron DZFJFRE |23 w
AL EBRICH HTEW 2, a0 = BB AT E %
INBERIZBE L THIR R A FETEVW. 2 2T LT
T 5.

B Dk

f+ &

WEICHTH SO X BT Ko TA{L U7 KERINERRE IS 0
X%, 1127”7, Stage2 & stage3 DWTHOFEE
KERPNHERIEH A DS FEii L7z
Stage2 TIX, RAL L72HHE D S FEAE L 72V NI 232 <
BHEhns.

ZERE 72> TNDHEHEL TWVD.

(b) stage3
Schematic of fireball structure (cross sectional
view, reproduced from ref.(6))

(a) stage2
Appendix Figure 1
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