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Characteristics of Flame Propagation at Flame Base Region
into Premixed Mixture with Concentration Gradient

Mitsutomo HIROTA*? Akiko MATSUO and Masahiko MIZOMOTO

*3 Keio University, Dept. of Mechanical Engineering,
3-14-1 Hiyoshi, Kouhoku-ku, Yokohama, Kanagawa, 223-8522 Japan

Characteristics of a triple flame generated with methane-air mixture are experimentally inves-
tigated in various fuel concentration gradients. The OH radical intensity, which obtained by the
direct measurement using an interference filter, and the flame position are measured in each case.
The flame position shows that the whole flame width between the both premixed flame wings is wider
than the flammability limit width of the unburned mixture. The expanding ratio of this flame width
rises by increasing the concentration gradient. The result of OH radical intensity indicates that the
most active reaction region is at flame base. The heat value supplied in the flammability limit well
explains the behavior at the flame base region. It is also clarified that, at the flame base, the diffusion
flame is formed away from the stoichiometric premixed flame, and these flames interact each other.

Key Words: Diffusion Combustion, Premixed Combustion, Combustion Phenomena, Triple Flame,
Concentration Gradient, OH radical, Flame Interaction
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Fig.1 Schematic diagram of a methane-air triple flame
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Fig.2 Fuel concentration profile of unburned mixture
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Fig.3 Cross sectional luminous intensity profile of OH
radical (x direction)

—301 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1560 RECOREET 3 FRART2EET 2 KELRERORE

BT x AAMEZRLTWS, FFETIEIIO
FMEXBOTKRIBBIZIZRAKERD EARL, 20D
B &b ERBAOKR %, KREHEREHZ T
5, M OH 5 ¥ A WFENHEE [l ZEL TV
5, T3HEINS OH 7 VW VRENLREDEFES
Thy, IhESEPIELI P TORKMHEE %2
Coltn=2.20D & & O x=21.5mm, y=72mm O {if
BB B Inax=870 mv THERXTTAL L T Ilnax %
Kjz, M x B AABERBEERL TV, &7
v ME, O Cufrn=17.3 THEE Z STISA L IREE,
AD Crfzn=1.5 TEE Z > WHIEDL L IIREEDOR R
Thd, M3ILVBEISEVLALKRETE, OH 7
CHNFENBEO Y — 7 EHIZ x=21.5mm Z—DT,
EHEEED 5 HIE S 12 IEBUKR O ATFK RALE O IE
Fff b GEEmR AR Lo b7 2)10h b 2 L TR
LTw3, ZOLETFRAEKRMEMIICE—7EIX
B Tww, ZHITHIERO S ERED R &
D, FREXKAREELTOE—s 226NN
EDRRERTH S, ERCTEBEIIRPER L S
&, R TRAEKRIFILBK R ENC AT WALE R &
M, ZODFREKREMOEM S /hx ) EiBEWE
WXL TKREDHD ZEEGb/IE W,

MBS MBS »ZREETIE, OH 7 ¥ A v
HHBEDOE — 7 EIZ=Z2H Y, r=34.5mm OiEHE
BIFREKKEMEOE — 7 ERELE L, VT
=5.5mm OFEMFEESKKREL, 2=17.5mm
DIBK KB HEDIE ©— 7 ERNHEAT WS, Bl
BEENSHBHETL LEEIOSEPECORESEBE
H, BETRS KRB OERTI RS <, EENEIZ
HUTKEEDOEDBEEORELBDL, DL &
Bk R O EANMBERS F (EmESER L) 2h 5
OH Z VA NFENEBEDE — 71 Calrn=17.3 D
EEDMELD BNV,

ZOx AAEEIZBWT, BEZSEOKE IVE
b % LIECK R ORI RALE L RAR - GEARIE S b
BME)icdH s OH 7 ¥4 VERBEDENET 2H
Kix, WEFHEME(FIERS)DESBPFERTHS &
Bbhs, $hbb, BEIIENEL L 31X, K%
BRHRARKERDEIEOH Z Y NVFENEE DR
EIGESEBRENCAIE L Twa, i, BEZ S ED
BoOr L EDKREPBRRELIESE, BEZS
BoSER e XX Db OH 7 ¥4 IVENRE DKM
»oBEHENLTWS, BT IR T ERT LI
HESIN S OH 7 ¥ NVFEABEORKED S BT
T, BB ZDEBS/NE L ZoTW0wS, Licdo
TZOMETHESNS OH 7 9 4 VREEE B

EIO5MOKEZDEVIZEI>TEL TV LERL
ole, BBAPIETE, TOY—2MEEDOKER %,
TR R DFIERIERAR - (iR A iR ) o kR
En, FEHKR ERBRFIL THEZTwD, ZOHI
DWTIEEIZOH 7 ¥V HVENLEED v HAMES
MO L5 (7ER) TFEL T 5,

AT, TORERBE® AW CARAAME & H
BLUTKAMBEOREZ L, T 2bBRE3IIEVT
Hlnax DEHN 0.1 XD b EWE, FXBREOEISTLS
LWBUERKETHD EHZ, r=0mm » 5 BiE
PN EBRINS HInax=0.1 & 72 BAIE 2 FHHTFIERA K
RALE, x=42.5 mm » & FHEAN RPN I/mex=0.1
ERBAETBBEFREAGKRMEBELE Lz, HilEgma
(v A XX 3 L[ERE, OH Z 9 4 I )VFEEERE SR D
ILRAES2LI2EETHE, FBEISEHRERLS
WCAROFHHIE TV, Bohic b OB 4 TH 3.
Hemhid « WoTFRERE, B ATEE Z SRR L
Tw3, E7ay b, OXFEFEFRESKAEE,
AVEBERAITREGKREME2ZNTNEL TV,
FREESEE»SHELR S O TONFEMTES K
REME, VOBRBHFEAKALAEBMEELZSRLTY
3, Zhoso7ay MIEE—RLTsH, OH Y
A WVFESEREE S PIE T 5 KRALE LT IZRAE I
Wl b d, HBOIDIE2 TR ST
FIREF O EE AR % W OB 2R U2, @07
FEHITTAIRFATE, ADSEBAITTRIBANIE CH 2.,
X4 X DEECSENER &S ARG TRz
B, KEBF A L7 va vy fhRcERIATHY
5. ZOREIIEHSESL»IT% 5 & ARHERIE b

o xlean(OH Radical)
& xrich(OH Radical)
o xlean(Photograph)
401 v xrich(Photograph) |-
¢ xlean(Unburned)
A xrich(Unburned)
304 ]
E 20} )
" [ ] B -
e ®
r ° [<] B——g
10 /° )
[=}
. L . : . : *
OO 5 10 15 20

Cn/Xm

Fig.4 Relation between non-dimensional concentra-
tion gradient and flame position
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Fig.5 Effect of non-dimensional concentration gradi-
ent on flame width
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Fig.6 Effect of non-dimensional concentration gradi-
ent on the expanding ratio of flammability limit
width
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Fig.7 Cross sectional luminous intensity profile of OH
radical (y direction)
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Fig.8 Effect of non-dimensional concentration gradi-

ent on luminous intensity of OH radical at the
flame base region
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Fig.9 Relation between non-dimensional concentra-
tion gradient and flame heat value
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KRBPESPRL T2 8B TRERICPER TR
{, PIREAXLE EEBAABOMEETENRTFTWI &
ERLTWS, RIZZDORED» SIRLICBE Z SIS
BRPICE>TL 2 0H I ANENBEORK
BEBAREL 2D, ZOERTREREHE N Z & 2R
BLTWw3, DD PEAKAE LIBIKABOHEA
THREL R oTETWBEHEZOND, IIMHE
SIRBEIIENESC»rICRSE, I TRLIZELD
WRFOFKBRBRI SO EKRELSRIEITTHEH, &
8DE5IOH 7Y I NFNREDORAEIX T > T
 BIERERL, BMBERIGHFH Ko TETWE LF
Zohd, O LR TRESKAE LIBUKEEOMHE
HFHBBFL L > TWAIEEZRLTWS, HETH
DOEGNDEL B A3EHCOWTREINGDT —F »
SBHATE R, T2 TR U IREUK RigIZ H 7z
LA TFREXRCHETBIC L 2ENBNS LT
5L, ROIIWCEBZDIENTES, BEZSR
BREL L EERFAOFKAZ LN LEHTFREEGKED
EE /NS0, BEZSEBEC»ICR D RO
HBEPREL R VBATRGKROBEROKRE &
5, 2D EMS, FRAKE EILBKRPEEICT
BLTHESTEASKEHEBEDO OH 7 ¥ 2 VELRE
BRKELRS, LHrLESICEEIIEBIEDHLICE
2k, KEBAREEIZRD, CTOTNREHFOERL
U TR EBENEORLESPILBBEN A ZEE 2 EW
Ezohb, ZOFREEBRCEOVMHECTBLTLZ
DENRBENTL B EFE 26N 5, 72720, Zheo
WTREMICREBLETH ), SHBOFED—DT
b5,

PERDWFETIE Bray 59 25 b U ANV 7 LV —AD
FREKAE L EKE L ORI EROEREND 2
EERFRILTWS, o EBE I SESIENT % &K
RELDE T TWbWSE M) IR e b L
AL TWw2a s, Bt w, %77 Peters 507 D
BREFROBER T, BREFOY — 7 HIZ KK L
T—2, 0.Amm B TETEGAKEEAD D, 3.4
mmBRETOOMIZ=Z20D OIEALDE — 2
DN, 7.4 mm BIREITHEEKLEDOE — 7 HHIKE
KB LWERTE D, TN TFEAKKE & IREUKE
DEENTHEEIN TS I ERRBL TV B2, S
W OEE R KN E LT o, HETSERE
THERBRIETIN TR, I8o7ay bD k>
WA TRl 8 L7z KRSERAIE & OH 2 ¥ A v
FHBERANME & DES 4~5mm BETH 3 23,
Peters SOR LI BRERO =20 — 7 HVEHN
23.4~7T4mm LW ERES>TWVS, Lo T
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Ye & ymax MBI FIREG KREALE & IRECK K Feim L
BEIZHD, ThsDOKREWKREEIHEIIC BT
BN TEREINTwEDTHL LHMTES, /2
OH 7 Y A VFNXBE DR KREDED, FEREKE
HEBUKR EOMETERTHOTHLEHZS
n5,

4. #&

[l

A B EAVTBEIDEEAET 2EARH
KRNV NIV —LRBREY, BETHEEISE
DRKEEENTA—F L LTERRITo 2. Bonl
KEFAR, OH 2 ¥ h VFTRE 2 &5 6 K5 Fetimtl
BMOFEERETL, RO XD 2iEwmeE.

(1) PUVZV7L—ATEKENE UFEOF
BAKRERZ, RREOTREHEIEL D A, Z
DORTRFIFIR 2 EHIE 2 2 &, PRAKKHEIEIZE
EISEBALGEEIE LIRS,

(2) PUFVTV—LE, BEZSEEELSY
32 TZDORBEOEN KL BRI S,
OH 7 ¥ » WENERE DFA & RBER L D TE B DE
BELTESZ DL, BEZSEBEDH»RIF EMREE
RIEBSERTHL LW TE 5, RETIEREI SR
DREESHSREBL 2 BAFOHERRFKAELEET
&, ZOWBBOUIIRAZOTLC L VHN LR
EUTHHATE 3,

(3) PV TV—ADKKERER T, FIR
EKRE B RPN TR S TVE, 2
DZODKEOMIIHETFHERA SIS, OH 7Y
BTGB D SHIWT T B L IBE 2 S IHER R
ETIE, KEBTTE L TFOBEIREK AR
N3, BEEN2 OH 7 ¥4 VHENEEE O R AMEI,
ZOXKKMEDTHOEENERTLDOTH S,

KR O—ERIEHFEA Y FHEAEES I L > T
TbhizbDThs, ZIRDLTERHOELET.
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