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Flame Propagation along a Linear Array of Liquid Fuel Droplets
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(3rd Report, Flame Propagation Model Calculation)
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Numerical calculations are conducted to explore the way how a cold droplet is ignited by an
approaching diffusion flame and to characterize the three flame propagation modes classified in the
first report. In the calculations, the convective terms are neglected and an Arrhenius type of one-step
overall reaction is considered. When the flammable gas mixture layer formed around the droplet is
reached by the diffusion flame, a premixed flame is formed in front of the diffusion flame and
propagates in the layer. Since the period in which the premixed flame burns the fuel vapor out is very
short, the droplet temperature does not change significantly during the period. Thus, a spherical
diffusion flame is newly established around the cold droplet. When there is no flammable gas mixture
around the cold droplet, the diffusion flame passes the droplet and the droplet comes to a member
which supplies fuel vapor to the diffusion flame.
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Premixed Flame '

REEDFRAKEDEET 2 HIORBIT TR S NIIR
BRSNS LS 83, WO K S5 LRI
%255 A CEELBATH ), £ ORYM L KIE
BIRREEL T8 2Lk, SBOMROFKRIIHL T

1. ¥ L & (<

REEFE ORI OFDO—2> B[ KEDT 5 L,
EHICE - T, RRZBOBREIZ K3 > TWLHE

KHPFENDL. 0L EORTEEOKREHERICB L LEELERE b O,
Tid, WROIEIC & > THE & 3 ILBOK & DA b - =
DFRBRBEEICKERTOREERGE >R+, 1
WO L5 28O TITo 7z, WSRO KEEZOERD a0 © VIR T LR
SEL BB O KK EEEEDTHI TR, BB % B BREERT
BFRICEERS C LB L LI L LD, MER R cp © EEEHS
CEITOWLREEZBVCHEZAEBL TWS, 2 D SRR
T, AHTE, RIGE S HEHEC LT, 82 E: @b 3L F —
WCEALREDESEERIET 2L L b, B H : #RiE8
WOHEL 7 TERA B E T — Rt 2 B4k87% LS4tk
A A=V EEZT, KPR THANRT & 1 WIEE AL E q B
R LS Z 5B £ SR DT B, BT, HREE R : SEER
IR DB KT & > THITH DARIRIETE D R < 12 T BE
FEREINETFREKEDS, ZOBHBOEEEED>T t: RS
i R IBKE2ED & &, T OEBKEE, WD YRR
Yo : BRI
* FERERAT 200049 F 21 6. z © EhEEEE
Y ER, AEBRFRERTETREND464-8603 BEHET Bri vt ENET 4y FRS

THERXAEHT).

E-mail : akira@nuae.nagoya-u.ac.jp

By :

— 186 —

N e BN RY 4w FEK

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

FUNED T COERREBRRTICIR > L AREE (E3IH 2637

D BETRCE
T ML
CEBE

D IRTERE
D FES

2. & E § #

2-1 EBRFERX SHOBEHE@E=EEZ 7TLv=
v ARTE—BRICE 2 & A IEE R k BMEG HER
cgARBRRIC L > TEHRRa B & L7, HROLER
BLEILSTEDIE, KEOEBI—EELREL,
RT 77 VEROMBEEERL 2. WEMAOEERR
Zicic, WHERNBCHEEHAGH HRBRA 2O,
BREA~NDHT ADEBRIIZHHDL L, WBXHTOR
B ERFHBEORE I REmE@EL Iz 2 ANV F — LR
BEOREEEGRRLE ISV VR - 754 urDRIC
Lok, il BEOSKCET B, BBEOS
{EEFRTC bR THAE VO T, BIEEE 2 EE L <&
HUZ, 58I, SRS BEHEOPOLCFEEZESL
RREEBRICEHML TTY, BELEBREZA TS R
VLB D/af & BTEHER a0 i< & > TERTTILL 72,
HECHAOWERED/ NS 2 — % DfEiz, BRTERE
I AW ¥ — E/(RT-)=20, # R TTE ISR E Bab/x =

il
=t
8 v« > a x

10°, $HE R TTIRBES H (cpTw) =30, MBI 0=1, BEAS

BHEAE You=0.2Th3.

HRORKBEEZNT, BOoNBHBRCTE 2120
EEEE OB, BREMEL TRRZIETS
BEv, BWEEOKEEIFICB W T, RRETGICEE

T AIWBAKRL S DB TFE R, (1) RRBEHEDOMA -

HEEO—#MuZ LR, (2)BEISEC X5 HEH,
BLU(3)EBKREDOEEEADOER E LTREY L
STW3., 22T, UTTR, ZhonFs5s2RET
2 EFNOEEHERIT> T, RRERIC KL 5 B
DITEBKRBRI TRENC DO TRRLBRICONVT
Y. ThiivFEImWe/BEI N KETTE—F
DXERFIBV->ZS5HECRETHS D,

2.2 ERFHEIPIIELINIE—RBFOFK
WIEE K DB E Db iel 1T, B—EIEDORMTR
REKEBBOHER{T-o . FHKBE 2REOHE
D 1.5, BEOXEBEE X >RICEAI—HL Tw
ZLLT, SHRTOHERIT- 2., YK MA
FERORE R TEY ZRE L REHEE OO % E
AL, £/, VIIBRBRBESMIREBE Y »5
Yo=Yo(l—-Y) ik o TEHHENBHDE LTz,
TIHRECOERTRICEE DA% 1 ZRT.

B2 iR DB S THIB LB L REHE S L U
BRIREOSAORMEE TR, HXLIE I, ¥
DAEDIE 2 B RIEEEDRANIE & Bz 5 Do5s—REY
TH505, ZOFETCRIMORIGEENRKIZK S
METEABRETBY, KBARSMMES N BHIE L
b—HL T3, ik, KREER, (RELIL/NF X
— Y SHE SN WBARBE AW EER> T
w3, K2 &0, BYIEKLIALED S RN TE
EREBGBIEL T30 08bor 3, FREKKR, &
T 20> TR VLIRBEDBEVATICL 320
T, RBEBN S B> TEEDOEAB/NE LR D,
WRELT, PEAEAXRBRIEL BRI, EETE
KHEDIBE L BEDBIIC—B L -0 — KT HEL
EINTn3B,
FEEEALOE TS 308, ZOHEERE»LSD
05 FEROBHIEETHY, ¥/ ¥V FT 4 v T
Bgﬁ (ﬂr= Y"O'Yo, BY=T+HO'Y0)(3) %*Uﬁg Lf;la
EHREKRRPBR R TE 2AM6EE 2R L T
w3,
r<HIonNTWB LS, V1 A1 ORICHESE
DRE—RBRIGEE 2L 21213, [METEETVwS
RIGH & UBEEX S XET 5 AV F—HERE
{CEBOREABRE VN - YUY 4 v FESEH
WTRIREOHBERICEELZL I LN TE 2O, #
ZTWAHMED &L >, [ADER (ERES & WiE
RH) TREVBIEINTWLS & 21213, ¥IHASHE
LTERBRBORE, REEBES X UBRBEOS
fix5zhiE, TnoE2HEY TIEs Ry /v EL
Forg oy FRARIE, ZOBRBTHISEII LR
3 (EAFREROBO—BNW). Tabb, BE B
BE, MEBEOZATAERL L %13, BRI S
HIIET 29, Tho2HER TEo oy /N - ¥
R4 v FEABOSHIIELL VD THS, K20

0.015 T T 7

0.010 |

0.005 }

Reaction rate 10 EY(1-Y)exp(-E/RT)

0.000 : : :
0 5 10 15 20
Radial coordinate

Fig.1 Initial reaction rate distribution
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Fig.2 Spherical ignition process
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Fig.3 Ignition by thermal wave
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Fig.4 Ignition by plane diffusion flame approaching
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Fig.5 Displacement of plane diffusion lame
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