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Stabilization Characteristics of DME-Air Diffusion Flames Depending on
the Configuration of the Fuel-Air Tubes in Half Closed Combustion Spaces
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Abstract

The effects of configuration of fuel and air tubes on the flame stabilization were experimentally

investigated in half-closed combustors. Flame behaviors and stabilities of methane, propane, and DME flames

were compared by changing tube diameters and the locations of the fuel and air tubes. It was found that

flammability limits are significantly affected by the outlet boundary condition, which disturbs compositions of

burned and unburned mixtures near the flame base. And it was found that there exist critical inner tube heights,

over which flame stability is determined only by the fuel flow rate. Conclusively, flame stabilization is

governed by the flame propagation velocity in an ordinary mixing flow and the non-uniform mixture

concentration in the combustion space which is affected by flow recirculation and the combustor

configuration. The compositions of NOx and CO were compared to know basic characteristics of methane,

propane, and DME flames.
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Table 1 Parameters of some pure gaseous fuels
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(1,2)

Range? Of. . Stgichiomet‘ric Schmidt number b Maximlim it
Fuel flammability limit Air-fuel ratio (Se) urning velocity
(volume) (volume) (cm/s)
Methane 5~15% 9.52 0.704 37
Propane 2.1~9.4% 23.8 1.376 43
DME 3.4~17% 14.28 1.15 50
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Fig. 8 Flame direct images with the increase of the fuel
flow rates (right hand direction has higher fuel
flow rates in arbitrary) D1=4.5mm, D3=60mm,
H=400mm); (a) Methane ( h=10mm), (b)
propane ( h=20mm), (c) DME ( h=20mm)

% Je 9% oz Frlue A7)
And v JoHoz AX sdwel ¥

o AYA EAFBE ¥ #
e v 2wl ®Y) wEos 47d

7] S|
AAF 7] =Fe] dFe W 9o g 3
o] A9 AYHow e Ty aTEv 3o

7] =Zol 93] 3
= Ao w2 Azdn
Fig. 8 & ¥ 2 74o] Z}7t Di=4.5mm, D,=20mm,

Fig. 9 Measurement of the burned gases (D;=4.5mm,
D;=60mm, H=300mm, h=150mm, air flow rate=
900ccm; m : methane, p: propane, d : DME)

W EHe h=10mm, ~2%37} DME + h=20mm ¢! Z71
o7 Ags AR, F7] 2500ccm = FHIIN S
W A A 2719 314 2] WskE HolFa Q)
o} gkde AP A SHIASE S FRE HoF
=H AEfEe] wolAH 3] Zol= Aot
gl AsfREeo]l d4A # oo Frkstd E4t
shelo] FdHatol 8|y FolAM HA ARAA
o aga stge] Adi Fdde] F|=E=

2 ek olAe BYo] am o REGUE 2
= ogE FeE P A @Yo nejxih
AR frake] ol A Papulzt Ase] 7l
@7 992 wolbsl frk 1A =% soot 7
Wk 5 Qe se] LRE volA Ha ks
7} REAAA F9e AeA He] Feiol AuA
oF UEhdeh() Te)ste] sleue AaiAste &

gho] Z o] FojA= ¥7] mER olEsHA Hrt

33 Mgl T2E DME ®47tA H|D

DME = Z233} W23t SA-E 7FA AL
Tk, FHkAe] dfolr] wiiel TR vE
= 7ML 9o, wgka nsgk Ak 5
A Ao} Fig. 9 & wEL Z=23 DME €] CO, N
HEE54S vk Aok

21§]8 D=4.5mm, D,=20mm, D;=60mm °l] H=300mm,
h=150mm, &7] 900cem = &wote Zlo|th ZT=a
o] 79 AL fFlA co 7t FHsH &R, b
&3 DME = HISE el A co 7F BAah7] A4l
oh dsel AkaE EFskal 9= DME = I55% 7
o §lar co dAEo] vigk} Hlsd £xE 7Y
CO 7} 7hke e mgtit Be An oA
AETE NO = i dufrgel S7ks 2ol
HjEgo] Eol7t7t Co 7F §A438] miEy 7] Al&tehd
NO 9] ¥j&2 Zol5A "k o 7h 543 2]

O ox Jn %o
1o o oX XN,

o



57 8

ot

X,
o
flo

2 o
2 o
o

AL AAE AL s
s A Al frk EbdAaTt o]
VI A, el B Ho g
o Al WA sH= N04 HjEFo] o A
DME 7} NO ©] A440] 7% 48 o] =
T NTFE THE GHs 3 DME§]‘
ol A7 Bl 22 B v P, €

C.C AGOoZ EASAT, DME ©| A

9 o gl Aol e o

QL
o«rwur}émﬁ%ﬂ

o il
¢ Hﬁ& ovHE
NS

o offf (e 4,
o g &, @

B
g
2 H

o
lo,
mﬁ rl°
)

X0 e
e

b ) 7ol A %-%i}g] & A}
23, DME 9 94
t&%‘ﬂ]ﬁ‘rt )
FUFE Eoles gty
H, IR0 R ¢ty VA AV ST
TAsHA Eol%ar, & ofgld A= HdHA
aaiv}. ada o# A E Dy 7F AAH QITOM
o] ko] F7tetA EM ZtAg Al Hd ol 73k
Ao EF AnTES A% W AE Do A7)
7F AAE Am mulg]e] ggo] FojEo] ﬁr"éol
s AEiv 2 ¢ du. dEx=ET 3=
Abole] AolQl h o Hol7} dA o] AW h «l
Zole] glol S ZhA st ﬁl% 7P217%l = 7]
9k, h o] Ao}t
M= du=Fo £
I e sk o]
I o FA ¥
7het 4= AE‘U% ﬂoi *71«1 5]
std sHEe AbsiAlY] wE7F FAEte
At = e £l ‘§7]7ﬂ
X233, DME A 7}A
kA wEe] WA E oAl 7pA
OE 7 dexHt Yo FEshe %ﬂﬁ
B OPZI‘ﬂ DMEQ‘r HﬂE‘r«l 7}04&74] 3
CO9Jr N091 *Mﬂ—% DME 7} 7}%} 31741 4=
i, EdAdALRE st co 7t 343
Aol NO ¢ A% DME 7} 7Hd # it

2

1
o

i

Oll_a
L g

32
30 by -
rr o o

o
o.‘EL‘lE
ﬁﬁiﬂ*?
H”E
g

A= G Pﬂt‘r
91711

F

ol =
o]

é—[m
S&o

o

H

o

o

7

fo

2 AT
2 A 11 (R-2008-20)

2273 A 52
How

A glel elste] 7124
Fa w9,

F

0
K]

=l

(1) Lee, M.C., Ahn, D.H., Seo, S.B. and Jung, J.H., 2005, “A

el ut

i

DME-& 7] gtstelel <t st 54 923
Basic Experimental Study of DME Combustion for the
Development of the Application Technique for a Combined
Thermal Power Plant” Annual Symposium of Korea Society
for Energy Engineering in fall, pp. 220~225.

(2) Yuan Xue, Yiguang Ju, 2006, “Studies on the Liftoff
Properties of Dimethyl Ether Jet Diffusion Flames,”

Combust. Sci. and Tech, Vol. 178, No. 12, pp.
2219~2247
(3) Xiao Qin, Yiguang Ju., 2005, “Measurements of

Burning Velocities of Dimethyl Ether and Air Premixed
Flames at Elevated Pressures,” Proc. Combust. Inst. 30,
pp. 233~240.

(4) Ryosuke Matsumoto, Mamoru Ozawa, Isao Ishihara,
Shingo Sasaki, Masahiro Takaichi., 2006, “Development
of Low-NOx DME Multi-port Burner,” JSME
International Journal, Series B, Vol. 49, No. 2

(5) Mohamed H., Morsy, S.H. Chung, D.H. Ahn, 2006,
“Pilot Injection of DME for Ignition of Natural Gas at
Dual Fuel Engine-like Condition,” International Journal
of Automotive Technology, Vol. 7, No.1

(6) Chun, K.W.; Chung, S.H. and Cho Eun-Sueong, 2006,
“Numerical Study on Characteristics of Combustion and
NOx formation for Non-premixed DME Flame,” 3rd
Asian DME Conference.

(7) Burke, S.P. and Schumann, T.E.W., 1928, Diffusion
Flames, proc. Combust. inst. 1-2, 2~11.

(8) Stephen R. Turns., 2000, “An Introduction to
Combustion Concepts and Applications Second Edition,”
McGraw-Hill International editions Mechanical Engineering
Series.

(9) Chung, S.H. and Lee, B.J., 1991, “On the Characteristics
of Laminar Lifted Flames in a Nonpremixed jet,”
Combust. Flame, 86, pp. 62~72.

(10) Lingens, A., Neemann, K., Meyer, J. and Schreiber., M.,
1996, “Instablity of Diffusion Flames,” Twenty-Sixth
symposium (International) on combustion, The Combustion
Institute, pp. 1053~1061.

(11) Kim, N.I., Seo, J.I., Oh, K.C. and Shin, H.D., 2005,
“Lift-off Characteristics of Triple Flame with Concentration
Gradient,” Proc. Combust. Inst. Vol. 30 No.l, pp.
367~374.

(12) Min Suk Cha, Ho Keun Kim, Han Seok Kim, Kook
Young Ahn, 2003, “Effects of CO, Recirculation on
Turbulent Jet Diffusion Flames with Pure Oxygen,”
KOSCO SYMPOSIUM 26th. pp. 255~260.

(13) Cetegen, B.M. and Dong, Y., 2000, “Experiments on
the of Instability Mode of Buoyant Diffusion Flames and
Effects Ambient Atmosphere on the Instabilities,”
Experiments in Fluids 28. pp. 546~558.

(14) Shim, S.H. and Shin, H.D., 2002, “Soot Generation in
a Coaxial Laminar Diffusion Flame,” Journal of the
Korean Society of Combustion Vol.7, No.3, pp 9~15.

(15) Kim, T-H., Kim, J-H. and Lee, C-E., 2008,
“Fundamental Studies on NOx Emission Characteristics
in a DimethylEther/Air Nonpremixed Flame,” Annual
symposium of the KSME in fall, pp. 1973~1978.



