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Observation of Interaction between a Spreading Flame and Movable Droplets using
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Abstract

In “KIBO” of the International Space Station, microgravity combustion experiments of a fuel droplet array were performed
to investigate the interaction between flame-spread and droplet motion. The fuel droplet array consisted of 2-4 fixed droplets
and movable droplets (up to 16 droplets) and was suspended on a straight SiC fiber, which enabled the movable droplets to
move in the fiber direction. The initial droplet diameter of a droplet array was 1.0 mm for all tests. As a liquid fuel, n-
decane was employed. The first fixed-droplet was ignited by a hot wire to initiate flame-spread along a fuel droplet array.
Sequential direct images and backlit images of the spreading flame and the droplet array were taken alternatively during
flame-spread. A movable droplet was accelerated by the spreading flame and moved away from the neighboring burning

droplet. Termination of flame-spread due to droplet motion and droplet coalescence was observed. Flame spread behavior
was categorized into four typical patterns. Parameters which determine flame-spread pattern was discussed.
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Fig. 1 Droplet support unit and ignition units2®.
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Fig. 2 Droplet array suspension system.
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Fig. 3 Anchor point for a movable droplet
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Fig. 4 Droplet array.
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Fig. 5 Backlit image of droplet array recorded by still-
mode VC.
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Fig. 6 Differential images of spreading flame.
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Fig. 11 Flame spread behaviors.

KRB B IRk (LLT, & B) ~OBXIEN D RS 5
ICROKRBBE vTRERE (LR, &% C) AR L7z#IC
EZDRZIRMN Y ZE#) % Pattern 2 EFESZ 2T 5. A
K UTZAHRBENATREET I Z OB GRZ LN kgL &
BICIEHFFICBE AT, TORKIMMN 0.12s (1T TH
3 BB AIREIRINICBE LT\ 5. 5 3 BB Al REIRIN T 2
JRA Y KRS E - TEFANCBEI L, 5 4 BB FTREK
WEAM L. 58 &5 A BB ATRERIH 23 A 1K L7 i 1%
ZOHMKTHZ LT E 5 BB TRk & &KL,
HSVC OHBAMIBEI L. 20K 512, il A 2SIk
B ~ORZIRY 2, Wi B L& C OARIC L v ERE
SNDIRZIEHN Y ZE) % Pattern 1 EFESZ 21T 5.

Figure 10b OUEIHECHISAE T, Bk BT SR Z
JRDN Y KRR, Fig. 10a DA & R, 0.02s (30T
%1 BB RREIRIEICEE L. 0%, 0.03 s fHETH 1
Bah e il sk L, BEnEE 3 ) L CEEik Lz,
% 1 BB TTREIRTE IR 2 RS - T2 K 28 O SE I IE 5 [f) 1 i
RAERT /2. ZOX DI A 2 DHKTH B IZRZILNY
ML Z Y, Z ORI B MMEITE LT DR 2R3 D Z68)
% Pattern 3 LIRS Z LT D, 5 2 BB RREIKIH O 55
3 BENRTRBIRIE ~ DB Z IR D 28t Pattern 3 TH o 7=,
% 3 BB Al REN £ TR RIS » 7o KK DL, 0.18 s
I TH 4 BEYVFTREIR 1T/ L5 < 25, T OREETH 4
B ah rT R X E S IS E 2 FF > T\ D72, ks
1355 4 BEVATREGE ICBIEEES, F 3 BEITREIINITIE R
DOALEIZE EFE o7z, ZOX DI A Sk B (2R
ZIED0 3E Z BT, HEE B SR O S0 BIR 2L

M 8% Pattern 4 L FESZ LT D.

BB ATRERICR X LN O DR o T2 2HR %, BV A
9 3EOWEIZAER L TlRATERER, BRZIAD D ZE8)I3H]
W 4 >D Pattern IZKFITE D Z &MRbnole. Zhb
4 DORZ RN ) ZE) 2 XA L7207 Fig. 11 Th
5. Pattern 1 & 4 DIRZIEND Y DL Z > 7286, BRZIA
DOBGIUIKET T 20T, BRAIED V BG 0k 2355
I%, Pattern 2 & 3 OfiAEDLHE, HLIUTELLNDZEE
EHOERE L TEZ > T0E B LNED, BRIIENY
FHROTIZ Pattern 2 TR ZILD o T2 KR BENLIE B
ZIEMW S T2 RITIED T2, ADDRXIENY NFZ—2 D
ERE RIS LUTOHEY Th 5.

Pattern 1: #&if A DKW B ICBIET 2%, WK
B 285k T HANCIKR C LA L, BAIR
BOBKETT 5.

Pattern 2 {&# A O KK B IZELE L, #&iHE B 2
KREA ST LW C LEERTDH. 20
%, BRIRHEI ST 5.

Pattern 3: #&if A ORI BIZBIEL, #iH B 2
HMCARAkT 5.

Pattern 4: {&ji A O KR B IZBEET, BRAIA
BOBKETT 5.

RIRZILD O OFBE, W& A 25wk U7 B R T O
A, BEBLUCORETRESND EFR, FEICKER
HEEH5Z25LEB2OND5 3 0DREBERALEALTHRZ
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A ],

RNV FEE D~ v B T ETo T, BATIRESEIZ, K
A SUKREOHR A & B OFKRTIHEEEA Vapiga, &I A R
KIFFOH A & B ORFINGE SAB iga Z &I A DELE daiga T
B U7 MRk oni i ieing, 5 X O A SUKFFOWN B &
C OMkREZ R A OB TH LR TKFERR TH 5.
— 2L COBOEBETRIILN Y EHE~ vy BT L
7otk % Fig. 1212, “HOH L = 2SHDEBTRAIENY
HEE~ v S LR % Fig. 13 1277, Figure 12 @
fefhIE, W A L& B OB KRT 2562 EOfEE L
7. K&V, WEE A & B OMEE#EENZIE 0 NERLLT
DEBTORRZIIEN Y N Z > TW5 (Pattern 2 B &
W3) ZeNbnd. 72, KH A & BBED < HENHY
KIDE, AN N 5 A & B ORIBAET
HRL TS, RXIRS Y PR Z > 2 FROEKEMRZ 5
THDE, Mboih#io L 5127 s. Mo, KA
JRIN D N Z 5720 Pattern 1 OFE L EE N TWD N,
ZHUTHER B & C ORIBARW S TH D Z LS Fig. 18
MHDND. 4 DOBRZIRN Y SH — 2 BB D G D Ff
BarELHDHELUTOEBY THD.

Pattern 1: #&if A & B OfE1RH L, 2R B & C
ORI A & B ORI L 0 WS
Bnzo.

Pattern 2: #&if A & B O & &R B & C OMIEH
FIRREICHR S, 22O A & B OFHxdE
D/INSWEFTHND.

Pattern 3: #&ii A & B OfENRHL, 2»OEH B & C
DORIFEER A & B OB LD ISWEAET
s, W& A & B O EITIZIE 0 2
BDOETHY, KA & BPEDSEHEN
WRT 2 ERAIEND Z LR TE DU A
& B OBRBE KT H2HmAH 5.

Pattern 4: #&if A & B ORIV TEILD.

ARFERRTIE, BB AR IR IR A2 BB 5700,
TR &R ORNZHIA M < . FRIRISIRE DMRWIGES
i, R E LB E R A B R O & IR R
7o TLED. LLRns, BRAIRNY K&k EBEI R
RO THHETTEERICEL L RN EB X TS, R
HILZIE, BBl el aBikiiE & IRIEMR O M OHL ) % & B9 AL
b, WHEEBEZ LU IO AEEEEZI S0 L,
H R E RN KEOTWHEHE2 TR TES LD
Iz L7z,

40 [ T T T T T T T T §7§; ]
O : Pattern|1 ]

30 F4 :Pattern2 -

- O :Pattern3 ]
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Fig. 12 Flame spread pattern map as a function of the
nondimensional droplet spacing and relative
velocity between the Droplets A and B at the
ignition of the Droplet A.
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Fig. 13 Flame spread pattern map as a function of the
nondimensional droplet spacing between the
Droplets A and B, and the nondimensional
droplet spacing between the Droplets B and C
at the ignition of the Droplet A.
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[E1E 5] OMUNENBRFEZRM LR AR D K & BB rTREREHEH DTk OBl 22

4. #

B AN BB RTRE 2R & S Te BT B VRS 2 8k 2
JRH % KK LB ORI REIRIE O T2, [X1E 9 ) OM
INENRBEEFEHA L CBZ L. LTI, Gonicmis
FETD.

(1) KKROBRZILNVIZ & » TBEYATRERR R O E B 235

FESINDHE, I OBE W RERRH OB IR &

0 KRBRZIRIN 0 D3k L7 WBIRPBIE S, R
JRHY 0 Kk & BB FIREHR R O BB O T8 52T
el

(2) BEhAlREIH L, — DRTORIEICBR RN Y M Z 5

DARIZ, KEomInd BBz Bthd 5.

(B) BRZ RN 0 KA Hebin i 8 R IR & 7 B vl RE R (7 18 IR
NG, RN G TITBR X IRA O KR SEINL
B & RIRAS B PTRERN AL B ATIE — B LI RBE TR
IR FIANZBE L, £ O®%RICHRRKR B AT HE IR
DR UTRZIEN Y BT T D2 EBbhot. K
RAehi & ARBRIRFE B P REIRGR 23 BEAL 7R BB TR
TR RBIRIE S K T 2 ERITBE S e o 7.

(4) [H E - 8 rTRE R T R 5 £ OB 8 TRE— S &) Al HE
MR E IZIEE L SRE LIS, BERR
SREE) AT ISR XL O N Z e o 7.

(B) KEKDRZIEN Y 2B % 3 >OHESET HIHEICHE L
THETDE, 4 DORXEZ—ZREIEND Z Enb
Mmool

i

BitE

AWFIENE, FHMZEIBRREEED [X1T5 ) MPNER
FE2WRHT —~ 17 X L5 O Z RN Y &
BERBER B A B = X L O fEH] (Group Combustion) | O —
RE LTI, AFEROFERIZIE, HAKRZERFERLE
PE T AU RHITERE L TV ol 32 1%, AR SN, 285
FRAE TR, EHEEREERK, PEAFK, £ L ThAmE
KOWNBARFIRT U, FRT, HBEAE T RITITERE
BOX—LRRbELTHIBEROMIELHY L CHEZ
FLlo. ZZWWEHOBEER LET. £/, FHIGEBH -
RE, FEBGEMZEER - METEICBW TS O ZH I &
TXEATAVZWIHL MAFHNOAREZ K, WAFK, 16
FBEK, BAEMK, AES OF LG K, (—#) H

AKFEHT7 A —7 LORIFFE TR, BRKEBK, A ANFH
<

VAT LAOKBEHIK, SRREK, AR, #
WEERLET.
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