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Influence of Ignition Position on High-Speed Flame Propagation along a Line Vortex
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Abstract : The unsteady 3-D numerical simulation was done in order to clarify the influence of ignition position on
high-speed flame propagation phenomenon along a line vortex. The distance between the vortex center line and the
ignition position was changed from D = 0 mm to D = 7 mm, while the vortex diameter was fixed at d = 2 mm. In the 3-D
visualization, the shapes of flame and vortex line ware considerably different depending on D. Only when the high-speed
flame propagation along the vortex occurred, the helical vortex line (the vortex filament solitons) was observed near the
flame top. In the 1-D analysis along the vortex line, the peaks of curvature of the vortex line (the vortex filament solitons)
were observed at the locations of large temperature gradient (the flames), and the vortex filament solitons and the flames
propagated together along the vortex line. Due to these results, the validity of vortex driving mechanism of high-speed flame
propagation phenomenon was reconfirmed. Finally, in the analysis of flame propagation speed, the steady maximum speeds
reached about 11-12 m/s in all cases of D. However, the startup time of flame propagation depended on D sensitively, and the
earliest startup was obtained at D = 0.8 mm, and not at D = 0 mm. Thus, it was found that the optimum ignition position for

rapid startup of flame propagation existed, and such a result was explained by using the vortex driving mechanism.
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Fig.1 Vortex driving mechanism of high-speed flame propagation along

vortex.
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Fig.2 Vortex filament soliton in 3-D and 1-D spaces.

MG O ERED D Z LT S,

WEDRLT v 7R N=2F 4 v I DWNEH% R 5
L, LML LTV ELT, | A0 (1 fHoiime
1 RKOWEMEZ E) oDl Ficsm kL k) LT 50EE
W %o, LPLEARMY - VP VIRIEEN
PHAY—E Y « VY VIRBERRN D FEE DO ELIRIRBES 72
ETUE, M 1A RS T, RUKED IERECR O
Ul 22 5 SRS v, B LAZ ) TIREVLESD
Fini%nwkEZonS%, ZZTRLTY I A N=AF 4
Vﬁ%%%®ﬂﬁ%%%&8@%$%%ﬁ“%bkLT&

5 A 5350 61%, 1 RO L B sk 2 2%
@z Ti L, %7&L@%ML%%kaLT,WE
R 2 EA DI HK S 2REP, #Houbiid S &

M9 5 LTRAKT 2MER L %)a)ﬁl&“(ﬁ%dl/\%iﬁ%
5.

1E T R KALE DS

(55)

173

ZZTHEBADM, PIZIEZFOHFENSE LT 2 ADER
MICEKT BRIEICOWTIE, FRx HEICX > THRICHE
DRI N T B[27). 5%, BORBEPLLLD,
DIIRPEIEZEZ 7D Lads, IEzEDTHELN
EFEZTVE, 20 %) REEAROMOREIX, WO
WRBED 2\ LT O RERBEIC - <, MIIDRRBEDE B
VIO BEMBEORMIE EMFATH KWW TH A H. — 7,
AR TlE, Fex BT X 2 fTHF5E[28,29] I\ > C, 1
KOO F D & ERIZ TS LTk T 2@z E 2
%, BARMNICIE, ERE O LD S s KA E
FCOHiEE D L FOBLI RS, ZOMAMEDE
WS KRIGIRPMEIZIR, S I KRIBIBEE 2 Lo kIF
THELZREY S 2L =y avitkoTHSNIZT 3,

- -

2. BiE>IaL—->3>

AWFEDBES S 2L — avicBunT, FEERIE 3 X
JET AV PSR (x, y, 2) &L, KEFRRRIZLUN IR
T &9 nBEREEAHESX, HBEEGIESA, 22—

AR, eI, 2 L OREIEALZE 2
5[30,31].
op
V. 0
<V lev)= M
%+V'(WV)=_VP+V‘(,UVV) 2)
a(pT) LS
+V.(va):—V~(ﬂVT)—_zhiWi 3)
ot P p =l
W8) 9. (owy)=v-(pD VY ) @
(i=1,2,3,...,N)
N
Y,
p=pRTY L ®

I Tp lXEREEE, v
R, TR, ¢
@:@i/&»t

{L2éfl i OERDE, D

BHER 7 PV, p RS, wid
, \EEE, A RBMAER, b 13k
, ow; 3B @Egilﬂi@fﬁ, YAES
AIAGERE | DIEEUREL, m; 13
ffi i DENVER, R im@mﬂ N ILFREORETH 5.
¥ 7RO BRI AR AR, EEEED A v T
1) ¥ ZiC 1% Patanker @ SIMPLE [32]% Fl\>, &R A 7 »

ZUZE VT SOR KB L 2H DK LEHE 21T . HkfR
21X Smooke 5 @ Simplified Transport Model [34]% i H
L, Bh2EE#icid CHEMKIN 57— X— Z[35]1% Il $
3. FIARMRICE T 2B ESORTIE, BMERE &
DR ZERTEUT I DT, R LR G
£ LT, CHs 0Oy COz H20, Np O 5 {L2ERED 5 7% % X



174
L,
z
y
X Lx
Line vortex
Ly
Fig.3 Numerical simulation model.
8 v — 2R D IRE— BN AL RO 2 TV 5 [36,37]

A THGLZY T 2L —v a3y - EFL% Figd IR
. FHRIREBUL L, x L, x L. = 24 x 24 x 24 mm’ DTSk E
L, ZOHRIZ 1 KOEHHZEET 2. EHEHEOMZE
elE d =2 mm, FEBRIE T = 0.25 m%/s, WM 1N — A —
AM[13]1E T 5, FEMIE I Ax = Ay = Az = 0.2 mm,
W R T v ZHE Ar=1x10"s 2. WL (=0s D
FHETEIS AR IZIRIE T=300K, MEEKe=10DX ¥ —
ERTVIRAR TR -INTw3bDEL, ZOHic
BRI OMEE N 72 E 2 WIS L LTEATEL., &
L AR I RPE OS2 X - THERIRSOE & & b It D
LCwl, BEREA G EER T R T OBAH < | 5
LTS, W 0s<r<2x 107 s O, FERREHO T
226 D [mm] 72 B 7 (E O UIMARE 1 W B K A AR
DR E S5 2 TRKEIT) . % L TRABDIRESfHP
TR A 2 TR L, K RABHR PR KR ARTR L % fighT
95,

3. BRBLUVEZE

3.1. BELBHKO 3 RITAHIL

Figd 1%, WHPHEEL ZVFEREO VERARICRA L
& EDWESA (KEDER) % 3 Zot b L 72655 Tdh
%. ZODOHD Figs4 (a)-(c) &, ZNZFHr=10x10"s, ¢=
15%x10%s, 1=20x10"s DML ZERL TS, £
Fig5 1%, B &9 EMoFLfii IR L7 D=0mm D&
E DML (KOOHETE) & (REDHKY) % IR 3
ZOLHHEUE L 7658 TH 5. ISR 1500-2000 K FREE
DEMEHNCHRE L TE D, WHIIIEE OO h7E
T2H0ZAHLL T3, X512 Fig6 (o HLaid
5 R KALE £ TOMEEDS D=1 mm @ & ¥, Fig7 Ziloh
Dl & s KA & TOREEED D =7 mm D& F OB
3RS R TH 5.

FPTMMBEAE L e ERILIREBIC Sk L 72 Figd DIREESY

(56)

HABEE &5 55534 165 %5 (2011 4F)

fiz W2 &, BRRRGE & & B2, B KEBBRIRICIED -
TWVbIEBbh5,. ZOHEIE WMIBHELEREVDT,
HHREDHIAMEZ R > 7o KRBT R o NS, FHN%
KEEFBR oD, RITWPEELT, bk ERmop
Dl B2k L7z D=0mm O Fig5 # 1% &, KRlkaE s

EBIT, ERD KB TD P B L Twb 2k
Wb, TOBEORKRIBRIEIT AV Ay - 7y FR—

LDR=VIRICHES>TED, HE AR R 72 KR
EREBROND, E£72 =10 x 10° s OFFRITIZITERHIR
DEETH DD, 1=2.0x 107 s DFFRIE LT DKL
WMETHLEH L TP br 5. ot s
BLEFTSLTHALZD=1mm® Fig6 % {2% &,
DEE D EIR O KR O LT BT L T B2,
WEIC £ =20 x 107 s 13 B T o kL emositBsso LT
BRAMAEETELTED, D=0mm D Fig5 & h H KEE
BHE I D RKREVLI L3025, ERNICIE, K25
BB L 72 KRERBHEZ I3 10 my/s BRI S 2o THE D, &
IREBHRIE CYURLEL ¢ = 1.0 D X ¥ ¥ — LA TIRAZD G
BEHPE L S, = 0.4 m/s FREE) LMDIELE L 2 WA D KRR
L (Bihd 2 & 9 ISR TIE V=23 mis ) L
RTCHTHERIVIELS, ZOBEICIRMICH->%E
HWARIERBETHEIRNT Y IR N=2AT 4 V7RI 5
TV EFZS, BB BRINCKRIZTRE v, 7 A D
TOHEE v, Z L CIEWABERIE S, 1213 V=v + 5, DBIRDS
brrEZION, ZOTADTNUHEDHRIZ, LTy 7
R e N=RAT 4 VT OWAKIRE X ) = X L CTEEZHOHE
LD 2 D IEBIC X 2 RS EnEdEn Tl sl L
2% %, 51T Fig6 D 1=2.0x 10" s 2B 1T 282 [ 2
&, EFoRREmRMETREL 72 RICEHLTED,
207 RO E KRN IEH CALE TR T I
o TEHL T RRTF2HEICE s Z6nTws, 2L
TS RESCTSLLTHAKLZ D=7 mm D
Fig7 252 &, MORMZRID %236, MIcEEAENnG
VKR DERH/L TR b s, ZOHEEDKE
FEO LI BIBIRE LTED, Hralkziio Tidwv 223,
Fig.5 % Fig.6 D X ) RO FOETIATIE AR, Mo
BEICE S THORAGAIERE LTS, $a40mLd
t=20x10" s £ TOELTIE, WMEIEAZLAFELEVT
FIFEMRROEFTHD, WO PLENIIR - 7 EE KRR
WBEELEEI>TwRWEIICHZ 3,

D& ) ITIWDBFIET 255D Figs.5-7 2T 5% &,
FUKDLEDNE D 7221 T, KBRS TR O R ZE L A3
PREDRELCELSTKDZT D5, L LKEBIK
BEBEL D XHICHATY, O A~DKEEED
MO FANDKEETED EB 5 b, MOFFEEEICTE -
TARMEIBEL b DITHE R WESZ 3,

-
—

3.2, MRISB - ZIRE EHED 1 RITHEN
Fig.8 1%, Fig.5 OHFIT/RI N | RKOWHRIZIH > THE
3AE (REOUEHY) &P a1 (REDFER) % [N



KARFFIRE D, ER IS > 7o FE K SRR S /K AE D 5%

(@) r=1.0x107%s

(b)r=15%x10"s

(©)1=2.0x%x107s

Fig.4 Temporal change in 3-D temperature distribution in case of non-
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Fig.5 Temporal change in 3-D temperature and vortex line distributions
in case of D = 0 mm.
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Fig.6 Temporal change in 3-D temperature and vortex line distributions
in case of D =1 mm.
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Fig.7 Temporal change in 3-D temperature and vortex line distributions
in case of D =7 mm.
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38T, AREOMHEICZ > TV, U EEPIEER
BREDFKEEFA-IZL TS0, BROKMELELEZD
ZITHRHANEICE2BOZERNCETOOLELT, M
KBHIRTEH D> & EHARREICET 5 W £ TOWE KR IE7E S
ELwiborERT L1275, BEMWICIE, Figll
DRI DO HEE AL = 10 mm &, Z OHEEZ KEBERHET 2
DICEL 7R AT [s] Z W, P RREREE v, =
ALIAT [m/s] B3 T 5. 77 LS KMEOEVIC X > TF
KB IERBREDE S T ZAEEL S 2 D01k, BRI
Fig.1l TH72 X912, RAKMEIC X > TRREFHEDLE |
DODRIPRESEEB-0THY, RIEHERINE
DERRNKREBEHRELIZIZIFA L TH 2 2 LICHERT 2080
DB D, F I KOE OIS KRR S KR 7 D
KDEMERMDEMEEAZTYH, KRG E DR
137E 5 T BAREMED D 2 DT, AWFZEDFERIZAIE T
O EDOTTORPTH 2 LHRETRETHS .

Fig.12 1%, MKPIEZ M 2SS & TSk E
LK RGREHREOBIRZ R 3, il K RAZRREE v,
[m/s], BElIZ S KAZE D [mm] TH 3. HEADEHRD
77 71k BB X 9 ICEE L FE KR ERREE, Ko
I B HR B D IR KRS SE (R 11-12 m/s), B
EARIX I DSELE L 72 WA O KRBIEHEIE (1 2.3 m/s) %
#7.
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DL EICR AL 72 D=0 mm DA V=3.8 m/s B
ThH 5D, WOPLED» S LTS L THALE D=
0.8 mm DEEIE V=53 ms BEICR->TED, T(DT
P KALEE T 5 T2 TN 1.4 fFICHi L TR
o TV I Ebhrd, DFN)KBE/OILEL E3) %
ROFCLT, PHKREREELZRKICT 5712,
RSO D D=0mm ICH KT 2 XD, Ho
U2 oA LE TS Lz D=08 mm I KT 3508
Wb s, SOMMZIUIKBEREDOLL E3h %
BT 2700120, Fodg mkKOESEET 52 LIl b,
WK FBIBEDON S L3 ) ZIEL LT, P RRBREHE
NS T 272012, WoPLi»s 51T LT D
=32mm HDIZHAKTNEIWESZ S, bBAAL-
EECHEL THAKALEE D= o & LBAITIE, TR
LA DOWRRD 75 7 1CHE L, P K RAGIEEE X
M5 b s,
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ZALDNE S, RKALEDS D =0.8 mm DEE I K
RIGIERED R KNI BHPICOWTEZE L THALWL, 5
KAOZIE D =08 mm 1%, B X9 EMEEE d2 =1 mm OfE
WEWZ ED S, WMED D ORKEFIEES 5 2 2 &
ELCHHATNHE S Z 2 2EDTELZLH)ICHE DN
3. LU Figl2 2 X B3 L, PHRRGRBERE 2 Mk
T B KNLEIZ D=08 mm 72 T%< D=48mm b H
D, PR EL 2OFETZELIIERBHONT VS,
Lo THHIP LEMEHRABLIEICRSTH S ).
Ba e D ICEZFHOFEML, RMOBSICES L L
T, ZZTEAKNMEZD=0mm & 0.8 mm D 2 DDEHA
IR L 506, FHRKRIEREREDE - O 2 E
TEWFIHZRA S LT 5, 4, BRHOPLICH S 1
AKOWARICEHT 2, ZoWRERMoOPLIZH ), RHM
WA TH S, Fig.13 (a) D &L I i, IEREISHO L o
D=0mm IZEKT 2841213, Boh Lo IFERRD
FETHY, T IR LHITF S W, Lo L Figl3 (b)
DEHZ, WOHLIEN» S LTS L D=0.8mm I
RAT 258121, oL ORI M2 & DREIR#R
EE2ZFTCEZICEEL, 7 <CIatiiifoned{ns,
ZRUCE S TRLTF v 7 R« N—=2F 4 v 7 DO EE) 2
RN TERELREHZM) 7€ ROk @Rk Y Y b
V) DGR % b, KREFEOVS L3 R %D
YR REBEEPREL DT R EEL6NS,
ZIUCBIE L ¢, &4 0BLEOWFAR3]TIE, Wi L E
BRI o o KBARTRHRE & PliE U 72 B, TERR & D b
BaD ST DSKRIBIZEDILE B3 R 2 % &0 ) fERDE
SNTiz, BRI Z OB AHTH - 7223, KIFRED
BREZEEZATCHOLOTELTAD L, WiOGA, &
KA IZZEEICHEE SN TV B DICH LT, ki EaEo
WATHRETA LS OBET 2740, Hodhiiirsd Ly
5L THRALZDERL X9 BRPUS % 5> T2z i REME DS
H5, HHVIFMEEDOGE, RICTHO O I TEREIC R
KUFET 7 E LTS, WiwoH— 712> T LEin -4
B o R, ZoMEICE T 2oL ERR 1
SIEALTSLTHALZD EFRU X9 RIS T
5. ZNo DB DD, HHEEX D bR 5K RE
WDONL LD DBRL oD T EnhtBEZ o5,

4. &8

AT, WISh-> EEAKREBETCHLR LT v 7
A e N=ZAFT 4 Y ZITBWT, FKMEDBE O KRIGR
PR, S SIS KRERBHE 7 ST THE 2 TN
52 EZHMNE LT, 1| KOEMHO LI & BRI
FTOHLTHAKTIMEOHEY S 2L —>avEifolk,
ZOREER, UTOX) BARSGS 7,

1) FHEFEIN DR LR & Ek AR %2 3 Xourglk L 72 &

2, MKMEDENIC X T, KEBIRLIEEIZIRD

B2 LIc e h REBEGDR S N, IEfEICEoh
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Vortex

Vortex filament

(a) Ignition at D =0 mm (b) Ignition at D = 0.8 mm

Fig.13 Explanation of rapid startup of flame propagation by using vortex
driving mechanism.
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