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An Experimental Study on the Characteristics of Flame Stabilization in a Small
Heat-Regenerative Combustor of Counter-Current Channels
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Abstract

Flame characteristics of a methane-air premixed flame stabilized in a heat-regenerative small combustor
were investigated experimentally. A small combustor having two counter-current shallow channels and a
combustion space at one side was developed. In which the channel-gap was less the ordinary quenching
distance of a stoichiometric methane-air premixed flame. Two design parameters of channel gap and thickness
of the middle wall, which is located between two channels for unburned and burned gases, were varied. Flame
stabilization conditions and characteristic flame behaviors were experimentally examined. Conclusively,
Blowout conditions were governed mostly by the scale of the combustion space, and flashback conditions into
the channel are dominated by the channel gap. Surface temperatures of the combustor were between 100 to
500C. Additionally, two distinctive flame stabilization modes of radiation and well-stirred—reaction were
observed and their applicability was discussed.
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Fig. 1 Schematic diagram of a counter-current heat -
regenerative combustor
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Fig. 2 Assembly of a combustor

Age} wig ooz & L JMAA "Ah
o] F¢ole H3E Ae HEE 2 a(spark igniter)
7b AAE 27 FEE v E3 o 39 o
A3} o] FztoA o] FolA A HER o2 A
FZtolel AYslgnt. AR ddA dag Jta
= S AES F& EEsle 3ok AR vd
7h~2 44 AdsiA 9l

Ao EL ARAEH sFEAY BF 20mm
oy}, £= EyRo dLFHE Zo] 10mm =
20mm 9] I7]E 7FAY 1 Eol: AstE Adh
e A7) AA o3 AADG ey T
A9 zEArwg MeEFomy Ao 717
(@ FEe] FA@E)E B AL F gded, A
ol A}2E Z7ES0] Table 1 o] AMAHAU}, z+
Z2718& Jehle 213 s Ade A7 dn 3
B FAE AMgEld X@EYch dE B9
‘TI0D11” 2719 A% 3% F4E 1.0mm o]z
Ad 4L o Limm 98 onlslsd, o] =7
= 71EoE Fwe FAY HaztA L wyd
A HEgRE 548 A9 oz wEsigt

FuE2 B Agdr H2AF BE 2 A
do AL BFEAAeolAMY Hegr] o2EFH
. 279 49 AYESmmEo @ oA
Ad R ggo) EAE] Al YA Lol
RS FA57) Yl wr=a] Alg= ool gl
a8n BE AY 2AdA 4230 Bo=E
27~54mm BEe WA o]2EgH zANA

ok
2
I-O
o
A
o,
2
e

@ 49H Ay

493

Table 1 Burner configuration of the experimental
cases (gap of the channel, d,: upstream

channel, dy; downstream channel, t,:
thickness of the middle wall)
tw
0.5 mm 1.0 mm 1.5 mm
du : dd

1.12:0.6 mm T10D09®
1.12:1.12 mm TOSD11® T10DI1 T15D11®
1.60 : 1.60 mm TO5D16® TI0D16
2.22:222 mm Ti0D22

Fig. 3 Image of an insulated combustor and
thermocouples
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Fig. 4 Effect of the middle wall thickness on the flame
stabilization conditions
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Fig. 5 Direct images of the flames stabilized in a
radiative mode at the condition of ‘T10D11’
(t»=1.0 mm, d=1.12 mm)
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Fig. 6 Effect of channel gap on the flame stabilization
conditions
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Fig. 7 Direct photograph of a vibrating flame (well
stirred mode) in combustion space at the case of
‘T0O5D16.” Flow velocity was 300cm/s
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Fig. 8 The mechanism of thermal flame stabilization
inside of the channel

Fig. 9 Direct photos of the flame in the upstream
channel at the ‘TOSD11’ case
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Fig. 10 Temperature distribution at the “T10D11’ case.

(a) on the surface of the quartz plate, (b) on the
surface of the stainless side wall
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