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Deep _understanding of elementary processes through microgravity science and
application to dispersed phase combustion physics for aero engine
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The objective of this research is to study the role of cool flame in the
flame spread over droplets. The cool flame would be important in the phenomena near the
group-combustion-excitation limit observed in the space-based experiments conducted our research
group. We further investigated the results of flame spread over randomly distributed droplet clouds
in the space-based experiments and analyzed the anomalous combustion phenomena in detail. The
results for the droplet-cluster array was also investigated. They suggest that the cool flame
appears in the anomalous combustion phenomena. Furthermore, we conducted flame-spread experiments in

a drop facility and measured temperature around the droplet existing outside the flame-spread limit
using the TFP method using a near-infrared camera. They showed that the cool flame appears in the
flame spread within a narrow range of the droplet-spacing condition.



¥ X C—19,. F—19—1, 2—19 (58

1. WFZEBIA Y DY =

W DN WTIE, @R AEOEE KIZBW TRENES ORHABEIRIE~DBIT Y
BT D0, ZOHE, RKBEOAED G EFBREERF O BERS T ) £ TO IR #HiPH T O
WA Z IR 23 0 % SRR 2 S0 O A OO TEAfe 7o 042 3 AR DO REBRBE R BL & 5l 5~ 5 /3 —
A=Y a VETANERERETLIATROEELRD.

FL 2 OWFE 7 NV — 70330 U 7o FHIBRBESRBRIC K 0, TR DR A 2 IR23 O OWF5ET
IFBE SN T IR T RFBESCTRN BB RO ELEZ OGN RBRNERLINTE
D, ZHONEEREERAERRITEDOHRBIHBEE 52 COWDHREMERDH H. TDd, Zhbd
BT B B[ LT R Z LD 0 R O NE BRI K D MR R BRAR 2 JA N E i THED,
ffize e Y v OBHESRIBARRBEDO SR~ L B 21T 9 LEXRDH 5.

2. WFFEDOHW

ARFFEO BHNE, ZHE COWHBBRZILN D IZBWTEB SN TREN-7203, 2017 i
Fox OWTE T IV —T BT o e FHEERD O & O N REREER BRI D 5 TV 2B\ TF
— &b TR TR OBZIENDICBIT 2EENEZTHNDE 2L TH D, IRV EDHFPHIZ
i ATRE R MR IBFHRBED N—a L — 2 3 VEFA~DRBEEIT 5 XL, ENERGEEO KX
WIBRZZB LT R Z RN 0 @O FE % Hig 4.

3. MR HIE

& T EBRHER I C I T AN EIGIZB W T, IR E R O Z IR EERZ1T - 7. R
FIT TV 2 W E 7203 3, R A AN 0 BRI RN 2> SRS S D . B (TR A
TZERRA, WBEEZRFEET 2 SiC 77 A NORIEE LT 5 Z LT, BROBEFKTH D
T00K~850K D #EPH DL %2 TFP (Thin Filament Pyrometry) ¥EIZ K 0 EHIL7Z.

EREFHA T —Y 3 LSBT 2 BRMMUNE DSHICB W TIT o T2 IRTEREE R OBR Z IR D
BR, 72X N HURTEREOR A D FEBROFER O b1T o7, WIATL T, EHEFHAT—v
a VIZBWTE LN IEE T RO RN Y BREZ S—a b — 3 VET/VIEE L.

4. WrIERLE

(D) BT 5 1

ERETFH AT — Y a LB W T T o 72 iR B2 R ORI EEEE AR &2 X 1 IZR9. £2° 2 ki
T-HEIE, A S TR CH 5. ANV IRFIZO L X ORICHFEET D LS4 5. K FSLL
X TF O EENE A OBRZ IR D B A% L, FSL2 1Z 2 (OB & OH&E OBk 2 IL3 0 [RF 21°FSL1
THY, 2 THOMBOMRZ LNV R Z 59, FSL3 1% 3 50— B OW DR Z LN 0 [R
F3VSFSLL TH Y, 3T T OMBROBR Z L8 0 BRF 274, X 1 D 2 JiE T-HR O 2 L0
D FRAIE FSL2 ITEW DS, B FPANCAETE L TWA Z ERRTENS. 3 HKHET RO 2 JAN
D IRFUT FSL2 & FSL3 ORNCIEE L TWA Z ERbnd. Znbaxate T Ee2ERILL, /8
—al—y g VETIAANDFEEER T

¥ No-flame spreading

©  Flame spreading
& ----FsL2
R ¥ No-flame gpreading ==l — - —FSL3
+ ©  Flame spreading X570 160 Yiwx
- == FsL1 Ve N
¥ -2 A .

’.,~ IGO-‘E“E g:; s | \\\X

. .- L ~ - ; A
» !/ - - O\ \{( 3 qu o\

= ’ . A |

= .rl 8 o'y : B &
' ' N 3 q 8 6 |
! L\ vy ° O
¢ B la [ N c !

P o—Cle
4 16! ] 8 16 M Lo ’ r ]
Voo 'y “l \Y /’
\ N woo M ’ /
- 5 = % -
xldy xldy

BT I T PRBE RS DR Z LAY 0 IR AT (22« 29 THBs, A5 0 3 T 150)

(2) T > & DAy BT REDOBR Z JRH VAR D R BRI

EREFHAT— a YICBW TS 727 V& L EIRTREE DR 2 IR 0 EERIZEB W T, B
FERBIRFATITICRBNT, I ERBSZNIZH E S R—alb—rva Vv ETATIE RSN,
Mo T 2FERFEOFRERIRBENS R o7, X 2 IR EIREE T d D, KBS K & BEAGEIRIZ 31T D 1K
HWAKRAGEE, Zd. K 2a OKBFEE KL, BIVAALTEREORZILN Y OBFIZ 10 EFEE
DWEFFIEFRFFCARICAENDI O TH S, X 2b DEFAREFIL, TREE — B KRN



i U 72 BEASIIC B W Tl s O TIRA KR O 1/10 REDEHERERED KRN AL LD TH
%)

(b) BERAGEIRIZ 35 1T 2 I K RAGHR

B2 T8N BUHRRE O Z IR VI8 1T % R FLRBE

X312, 2FBEOFRIRPEBIG AWt L2k 7 7 A2 —FIEBROFREZRT. 77 A% —H
WX VIMBENTRIE L2 T AX—LIIM TS ORZIRN Y KKIZE D FKSH, 6.43s fF
IZBW T KRB S KRB BEmsNn-. £/, 79 AZ—HE£b VI TR SN k&IT
6. 17s ITHHR L TWABN, FOMHEBKIZIBUNT 6.50s~6. 70s IZIBH D TIRSKLD 1/6 FJEDH
FEDKRAGTENA L THR Y, BEREIIC BT DIGHA R BRI BHE N BE I N, ZOBED
W EE TN D, TNENDORBERFITIHRNIEE L TV D afEEME v RIE Sz,

Cluster L:
five 1-mm
droplets

Cluster H:
two 2-mm
droplets

0.13s [0.135} 2.13s 4.13s 6.17s [6.10 s} 6.43s 6.47s
w BL w BL
Heating of Cluster L by Extinction of hot-flame Large-scale ignition
hot-flame around Cluster H around Cluster H of Cluster L

6.50 s 6.53s 6.57 s 6.60s 6.63s 6.67s 6.70 s
Slow flame propagation in the burned area around Cluster H

B3 K7 T A —H % T RO Ry B BE O 15



(3) We i RR Z IR S V2B DSk

(2) DFERING, WA ZIEN D ICB DT HOHRENRET DL Z LR ENZ. 22T, B
ROBRZIE Y BRRIDOSLMITIBN T, BRDBEAT D DOMERELT > 1. WRFE AR X
ERFET DM 7 7 A N RIBE & 72 0 RANEIET 5. AR A T TS 21T\, TFP (Thin
Filament Pyrometry) V(2K Y, 77 A NEEEZRD D Z LT, BREAEDHKREIT-7-. X4
12 0. 3MPa 235 1F BIRZ JEAN V 8 273, 2. 70s/mn? 123\ C, iE L £ 0 ITITEKITHAE L
TR 800K FRE DFEIEAS B H AL, WRVBEAL TNDZ ENbND. WRIZILEA R
WREBIZBWTRET A ENHLNE o7, 72, RAJFEIZBW T O ROBERHERIN
7.

72

t/do?=0 s/mm? t/d¢®=1.49 sS/mm?  t/dg2=2.70 s/mm?

4 RSN AT H TR R 2R V1T D m At



16 16 4 4

Yasuko YOSHIDA, Takehiko SEO, Masato MIKAMI, Masao KIKUCHI 36

Temperature-Field Analysis of Flame Spread over Droplet-Cloud Elements with Interactive 2019

Droplets in Microgravity aboard Kibo on 1SS

International Journal of Microgravity Science and Application 360303
DOl

10.15011//jasma.36.360303

Masato MIKAMI, Yasuko YOSHIDA, Takehiko SEO, Osamu MORIUE, Tetsuya SAKASHITA, Masao KIKUCHI, 36

Yuji KAN

Recent Accomplishment of “ Group Combustion” Experiments aboard Kibo on ISS 2019

International Journal of Microgravity Science and Application 360301
DOl

10.15011//jasma.36.360301

MIKAMI, Masato -

Droplet-Cloud-Combustion Experiments “ Group Combustion” aboard Kibo on the ISS 2019

Proceedings of the 20th Annual Conference on Liquid Atomization and Spray Systems - Asia PL 1
DOl

Matsumoto, K, Yoshida, Y, Mikami, M, Kikuchi, M -

Study on large-scale ignition in flame spread of randomly distributed droplet cloud near group- 2019

combustion-excitation limit in microgravity

Proceedings of 29th European Conference on Liquid Atomization and Spray Systems 247373

DOl




Mikami, M, Yoshida, Y, Kikuchi, M, Dietrich, D.L

Anomalous Behavior in Flame Spread over Randomly Distributed Droplet Clouds in Microgravity
aboard Kibo on the 1SS

2019

Proceedings of 12th Asia-Pacific Conference on Combustion

ASPACC2019-1504

DOl

Saputro, H, Mikami, M, Seo, T

Study on Flame Spread Behavior in Two-dimensional and Three-dimensional Droplet Clouds
Considering Flame-spread limit Based on Microgravity Experiments of Flame Spread of Droplet
Arrays

2019

Proceedings of 12th Asia-Pacific Conference on Combustion

ASPACC2019-1488

DOl

Yasuko YOSHIDA, Narita SANO, Takehiko SEO, Masato MIKAMI, Osamu MORIUE, Yuji KAN, Masao KIKUCHI 35

Analysis of Local Flame-Spread Characteristics of an Unevenly Arranged Droplet Cloud in 2018

Microgravity

International Journal of Microgravity Science and Application 350203
DOl

10.15011//jasma.35.350203

Masato Mikami, Hiroshi Nomura, Yusuke Suganuma, Masao Kikuchi, Takuma Suzuki, Masaki Nokura 35

Generation of a Large-Scale n-Decane-Droplet Cloud Considering Droplet Pre-Vaporization in 2018

“ Group Combustion” Experiments aboard Kibo/1SS

International Journal of Microgravity Science and Application 350202

DOl
10.15011//jasma.35.350202




Masato Mikami, Naoya Motomatsu, Kentaro Nagata, Yasuko Yoshida, Takehiko Seo 193

Flame spread between two droplets of different diameter in microgravity 2018

Combustion and Flame 76-82
DOl

10.1016/j -combustflame.2018.03.004

Masato Mikami, Herman Saputro, Takehiko Seo, Hiroshi Oyagi 30

Flame Spread and Group-Combustion Excitation in Randomly Distributed Droplet Clouds with Low- 2018

Volatility Fuel near the Excitation Limit: a Percolation Approach Based on Flame-Spread

Characteristics in Microgravity

Microgravity Science and Technology 419-433
DOl

10.1007/s12217-018-9603-z

Masato Mikami, Yasuko Yoshida, Takehiko Seo, Tetsuya Sakashita, Masao Kikuchi, Takuma Suzuki, 30

Masaki Nokura

Space-Based Microgravity Experiments on Flame Spread over Randomly Distributed n-Decane-Droplet 2018

Clouds: Overall Flame-Spread Characteristics

Microgravity Science and Technology 535-542
DOl

10.1007/s12217-018-9637-2

Kentaro IWAI, Yasuko YOSHIDA, Naoya MOTOMATSU, Takehiko SEO, Masato MIKAMI 16

Flame-Spread Characteristics of Droplet-Cloud Element with Two-Droplet Interaction at High 2018

Pressure in Microgravity

TRANSACTIONS OF THE JAPAN SOCIETY FOR AERONAUTICAL AND SPACE SCIENCES, AEROSPACE TECHNOLOGY 494 499

JAPAN

DOl
10.2322/tastj .16.494




Ryo Uneyama, Kentaro Iwai, Kentaro Nagata, Yasuko Yoshida, Takehiko Seo, Masato Mikami

A Study of Flame Spread of n-Decane Droplet Arrays with Fuel-vapor Jet at High Pressures in 2018

Microgravity

Proceedings of The 7th Joint Conference on Renewable Energy and Nanotechnology ELO8
DOl

Yasuko Yoshida, Kentaro lIwai, Kentaro Nagata, Takehiko Seo, Masato Mikami, Osamu Moriue, 37

Tetsuya Sakashita, Masao Kikuchi, Takuma Suzuki, Masaki Nokura

Flame-spread limit from interactive burning droplets in microgravity 2019

Proceedings of the Combustion Institute 3409-3416
DOl

10.1016/j .proci .2018.07.106

Mikami Masato, Matsumoto Kodai, Yoshida Yasuko, Kikuchi Masao, Dietrich Daniel L. 38

Space-based microgravity experiments on flame spread over randomly distributed n-decane-droplet 2021

clouds: Anomalous behavior in flame spread

Proceedings of the Combustion Institute 3167-3174
DOl

10.1016/j .proci .2020.07.139

Yuto CHIKAMI, Kodai MATSUMOTO, Takehiko SEO, Masato MIKAMI

Study on the appearance of cool flame in flame spread over fuel droplets at high pressure in 2020

microgravity

Proceedings of The 21st Annual Conference on Liquid Atomization and Spray Systems - Asia

ILASSA2020-1-12

DOl




29 6 11

50

2020

Droplet-Cloud-Combustion Experiments “ Group Combustion” aboard Kibo on the ISS

The 20th Annual Conference on Liquid Atomization and Spray Systems - Asia

2019

57

2019

57

2019




1SS Group Combustion

57

2019

Droplet Cloud Combustion Experiments "Group Combustion aboard Kibo/ISS

Interdisciplinary Seminar at Shanghai Jiao Tong University

2019

Droplet Cloud Combustion Experiments “Group Combustion aboard Kibo/ISS

China National Symposium on Combustion

2019

, , , , Daniel L. Dietrich

1SS
Combustion

Group

31

2019




Generation of a Large-Scale n-Decane-Droplet Cloud Considering Droplet Pre-Vaporization in “ Group Combustion” Experiments
aboard Kibo/1SS

31

2019

Matsumoto, K, Yoshida, Y, Mikami, M, Kikuchi, M

Study on large-scale ignition in flame spread of randomly distributed droplet cloud near group-combustion-excitation limit
in microgravity

29th European Conference on Liquid Atomization and Spray Systems

2019

Masato Mikami, Takehiko Seo, Yasuko Yoshida, Hiroshi Nomura, Yusuke Suganuma, Tetsuya Sakashita, Masao Kikuchi, Yuji Kan,
Daniel L. Dietrich

“ Group Combustion” - The First Combustion Experiment aboard Kibo/ISS -

ISS R&D conference 2019

2019

Mikami, M, Yoshida, Y, Kikuchi, M, Dietrich, D.L

Anomalous Behavior in Flame Spread over Randomly Distributed Droplet Clouds in Microgravity aboard Kibo on the ISS

12th Asia-Pacific Conference on Combustion

2019




Saputro, H, Mikami, M, Seo, T

Study on Flame Spread Behavior in Two-dimensional and Three-dimensional Droplet Clouds Considering Flame-spread limit Based
on Microgravity Experiments of Flame Spread of Droplet Arrays

12th Asia-Pacific Conference on Combustion

2019

Masato Mikami

Results from “ Group Combustion” experiments on flame spread over droplet clouds aboard Kibo/ISS

ISS R&D2018

2018

Ryo Uneyama

A Study of Flame Spread of n-Decane Droplet Arrays with Fuel-Vapor Jet at High Pressures in Microgravity

37th International Symposium on Combustion, WiPP posters

2018

Yasuko Yoshida

Flame-spread limit from interactive burning droplets in microgravity

37th International Symposium on Combustion

2018




30

2018
1SS Group Combustion
30
2018
56
2018

Ryo Uneyama

A Study of Flame Spread of n-Decane Droplet Arrays with Fuel-vapor Jet at High Pressures in Microgravity

The 7th Joint Conference on Renewable Energy and Nanotechnology

2018




49

2019

51

2021

58

2020

32

2020




32

2020

Group Combustion-2

32

2020

Masato Mikami

Space-based microgravity experiments on flame spread over randomly distributed n-decane-droplet clouds: Anomalous behavior
in flame spread

38th International Symposium on Combustion

2021

Yuto Chikami

Study on the appearance of cool flame in flame spread over fuel droplets at high pressure in microgravity

The 21st Annual Conference on Liquid Atomization and Spray Systems - Asia

2020




Masato Mikami

“ Group Combustion” - The First Combustion Experiment aboard Kibo on the ISS -

Hypergravity/Microgravity Webinar Series, UNITED NATIONS Office for Outer Space Affairs

2021

Masato Mikami, Masao Kikuchi

2020

Cambridge University Press

184

A Gallery of Combustion and Fire, 4.2.3 Flame Spread over a Randomly Distributed Droplet Cloud
Aboard Kibo/1SS

(Seo Takehiko)

(00432526) (15501)

(Yoshida Yasuko)

(Nagata Kentaro)




(Uneyama Ryo)

(Matsumoro Kodat)

(Chikami Yuto)

(Hara Yuka)

(Watanabe Hiroaki)

(60371598) (17102)
(Moriue Osamu)
(70363124) (17102)
(Kikuchi Masao)
(80371144) (82645)




NASA Glenn Research Center

Case Western Reserve
University

University of California,
San Diego

Sebelas Maret Universitry




