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A Discussion of Combustion Regime Based on Laser Tomography
and Flame Structure Diagram
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Abstract : The combustion regime was discussed using a laser tomography and flame structure
diagram. It was shown first how to represent the turbulent bumming velocity and flame structural
parameters in the dimensionless plane referred to as the flame structure diagram. And then,
turbulent flame structure from the obtained images by laser tomography was compared with
combustion regime in the Ke-Da plane, one of the diagrams, specified by different researchers. As
the result, the u’/S;p ratio at the boundary between the wrinkled laminar flame regime and
reactant islands flame regime was found to be about 1.5.
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Fig. 1 Combustion regimes and experimental
results of turbulent burning velocity
(the "@" marks) reviewed by Abdel-Gayed
et al.
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Fig. 6 Tomograms of turbulent flame for mixture 33-P10-30
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Table 1. Properties of mixtures used

MOLAR FRACTION | @ | S | dw | 7o | Th | oXI0

MIXTURE
CHs| Oz | N2 | He m's| mm|mm| K |m/s

24-P10-33[| 10 | 50 {220 20 | 1.0 | 024 | 0.38 0085} 2089 | 1.51

33-P10-30) 10 | 50 {200 20 | 1.0 | 0.33 | 0.30 |0.069} 2168 | 1.50

Fig. 6& &3] 33-P10-30, ¢& 3% u7t 2tz
042 m/s, 054 m/sd o AHstgel Zw (72
oA FHodsk ERzde] 3 o E el 2o

2, GRAE7 Y 2HAME PSR

Aol olsf 22t pe SE TR AFHAS. B
Rade oA oFE REL 7]Abs, BE N
¥ udEYRVE et o Wde A&l
o] Bt WX o] o] 740]@. Fig. 602 7€ 3}
Ao AFEEMe Are dRAE e
% AAE &E%}-’FS’J LB, vk Ko

2}

2 #5 Eojrte wdERVIY HEE oF Imm~
2mm&E, 1000K A Ed Aol Kolmogorov *%E7}
oMo grrc o 8wl AE F7ee AL
A3 #FR)h & A Aok aHd, 7
ER el Atdhd Fxol wiid o, Iz
A Erte PAdEEUY Ee aUE EA
e Hoew Azrx 7] wio, Kolmogorov 3%
ool HHEA disiMe By Mg dE7 3
Rl R

Fig. 6914 71dd7k29t stgdel &3 2%
A& EAR BEHE £ At

o] AMZRE, Hox 24 GHANE LY
Bgddge EA7F FAHAG T #F 4+ A

—

ol

-

4. Re-Da HHojA e Hageel DF

41 KidoS0l MAIEH elaeioiztel ulm

KidoS"%0] AA@ Axg9st 4x sa7zst
of dgBAE WYl Aotel ERIY o7 B
238 Fig. 7% 20| Re-Da H¥el thehigict.

A4999 AE

103

Re
Fig. 7 Comparison of the experimental results
with flame structure parameter by the
RIFF model
10 ¢
: WEAK TURBULENCE v
B r ““““““ A T e T et e i e e e *}
3 &
10 ? : ‘fa‘y EACTION SHEET
o I N4 S ]
[0 : : ;‘} Ao / 4 i
O L 1 .—,«\", 9 / |
2 [ ot . »
10 E_ : / y /. + PV :?}
r : / / / i
i . 4 éu
|~
10 E’ 7\ l : ‘(l
1 %
10"1 L il FET N iant b L A4t
1 10 10? 10° 10*
Re
Fig. 8 Comparison of the experimental results

with combustion regimes specified by
Abraham et al.

E, 7R AdgdRel oA dRHETxRe AF
Zaz A debdidah Fig. 7919 07 = A
g3 o8 dRHFFIgAMYg sFgaEFTt



3 oo Holste
4 sgol e £
Bhls 2 gte 072 Rasdg? =
dold EXedd o FeA ﬂ%iol e 3]
u/Si®l welth. AHEA W o3 FAFx9
A& Ao thaiA & Fig. 69 BR AT RE
TGl T4 gHol EAstA Fo}
7} oolde] sHAUSI}

u/Spel Hagk
An FohgEs

’

oY IO
3
Nim

(<3}

- 3E 21

A%
S ook meb, 254 RS
4 stdegedel Aol P AN u/S,el @e
aieh,
C‘“oﬂ

7} Mo

Mg

a9 FEFEHrdA
LAMAE 20019 Aol Sy
Swlmac®l D742 8] FH e stn Atk Fig. 72
PH, RIFFE20 9 stdrzel dzans &

2o o@ sgFre] BEANe 2 Axe
nodge @ 4 o

42 Abraham&0| M A| gt
Abraham%"& Re-Da 9
3t WeAzlwel 2 —gd
Fig. 82 Abraham%o] x
S o] veER L*F'Oﬂié,‘—}?_/d
Fig. 8olA A= FE A3
o] o) &3 A gk, Abrah
I Kidos 072 3 ok7} o]
Helg BE H A Z—Mﬂ% N K/ 9o =1(E
Mol 715% 4% ; Abraham
EfUiRAS)e] ol of g3t
ER R CHED
< AA Ao
‘@ B AN A¥rer oy Exa
Aol ols) =y sde) FAst Bae

P
TE

1=
z}o] B
Aol

2 9K/ 8102

I

RO
T .

T

s

Folt

Fig. 8275, & 7oA dgdeds i)
de) Al EAdGAdd AeS ¢ F ok =,
w4 stdo]l wAEhE uw/Swel gel °oF 159
RO 2R, Fig. 8ollA A% 9 73] “A” &
u/S =159 AEth fZFo] A3t gonmz
axoM e grgelsE TEA stgol o WAl

== 1 /': o]

A WA F5Y

5 &

=

® ATl ol AnE aokstw the 2o

D

2)

3)

4)

5)

03

. Kido

TR olgdE FEA (Re-Da, u/
Sw-L/70 R u/Sw-7x/70 BHEAE B3
RMagesd dadxe sgTzd gyt zt
Zte]l AT HAE $UdS AETANM v HE
& 5 A

A7z oz HPA Eol ke uAETEY)
o AL o Imm~2mmE, o] R A2 A
2] Kolmogorov ZolH 59 oF 8 wj Lo A4
gt At

Kidos 3 Abraham%el AAF didde B
ROl olg st Ttz #FARG I Ux
s ot

TEY TFEIY9Y FEY 9999 A

o} B AN & u/SE °~F 1.54 o},

2 Aol AgEdE ydrae
el dem Ao drgddele
of EAE 4 v Aoz ¥ A,

o off

oy
=]
q A

|

izl

3

Mo
e

. Abraham J., Williams F. A. and Bracco F. V.,

“A Discussion of Turbulent Flame Structure in
SAE Paper, No. 850345, 1985
. “Length and Time Scales

Premixed Charges”,
N
Turbulent Combustion”,

Peters in
Turbulent Reactive
Flows, (Borghi,R. and Murthy,S.N.B. Eds.),
Springer-Verlag, pp. 242~256, 1989
Abdel-Gayed R. G., Bradley D. and Lung F.
K., “Combustion Regimes and the Straining of
Turbulent  Premixed Flames”,
Flame Vol. 76, p. 213, 1989
D. R. and Lefebvir A. H., “The
Structure and Propagation of Turbulent Flames”,
Proc. R. Soc., Land., A344, p. 217, 1975
H., Wakunn Y. E.,
“Measurements of Spatial Scales and a
Model for Small-Scale Structure of Turbulence
Proc. R.
Engrg.

Combust.

Barral

and Murase

in an Internal Combustion Engine”,
Soc. Lond., ASME-JSME Thermal
Joint Conf., Vol. 4, p. 191, 1993
Kido H.,, Huang S. and Nakashima K., “A
Premixed Turbulent Flame Structure Model
Having Reactant Islands and Fractal Flame
(Formulation and Test of the
JSME Int. J, Ser. M, Vol. 34, p.

Surfaces
Model)”



#olA Erawael stgPxdzd ¢ 4

509, 1991

. Kido et al, “A Premixed Trubulent Flame
Structure Model having Reactant Islands and
Fractal Flame Surfaces (General Correlation
Between Turbulent Burning Velocity and
Flame Structure)”, JSME(in Japanese), Vol.
58, No. 548, p. 231, 1992

.Kim J. H and Ahn S. K, “Structure of
Premixed Turbulent flames Determined by
Laser Tomography”, Proc., KSAE, Vol 1,
p. 321, 1995

9.

10.

agdde] HE

Kim J. H. and Ahn S. K., “A Study on the
Structure of Premixed Turbulent Propagating
Flames Using a Microprobe Method”, Trans.
KSAE, Vol. 3, No. 6, p. 78, 199

Kido H. and Huang S., “Comparison of
Premixed Turbulent Burning Velocity Models
Taking Account of Turbulence and Flame
Spatial Scales”, SAE Paper, No. 930218, 1993



