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Combustion Charactenistics of Methane/Oxygen
in Pre-Mixed Swird Flame

Hanseok Kim, Wonseok Choi, Juhyeong Cho and Kookyoung Ahn
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Abstract

The present study has experimentally investigated the effects of CO. diluted oxygen on the structure of
swirl-stabilized flame in a lab-scale combustor. The methane fuel and oxidant mixture gas (CO, and O,) were
mixed in a pre-mixer and introduced to the combustor through different degrees of swirl vanes. The flame
characteristics were examined for various amount of carbon dioxide addition to the methane fuel and various
swirl strengths. The effects of carbon dioxide addition and swirl intensity on the combustion characteristics of
pre-mixed methane flames were examined using chemiluminescence techniques to provide information about
flow field. The results show that the hot combustion zone increases at the upstream reaction zone because of
an increase in the recirculation flow for an increase in swirl intensity. The hot combustion zone is also increased
at the downstream zone by recirculation flow because of an increase in swirl intensity which results in higher
centrifugal force. The OH and CH radical intensities of reaction zone decrease with carbon dioxide addition
because the carbon dioxide plays a role of diluted gas in the reaction zone.
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Fig. 1 Experimental apparatus of pre-mixed flame
combustion system
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Table 1 Experimental conditions

Gas ﬂ&’; /r:?)te Remarks
CH4 0.69
0O, 2.78 Excess 1%
8.37 2200K
CO2 7.09 2300K
5.87 2400K
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Fig. 3 Blowout characteristics of pre-mixed flame
combustor for different swirl angles
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Fig. 4 Swirl intensity effects on flame shape for
different swirl angles, (CHs=0.69, 0,=2.78,
CO,=5.87 kg/hr), [(a)swirl angle : 30°
(b)swirl angle : 45°, (c)swirl angle : 60°]
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Fig. 5 Swirl intensity effects on OH radlcals for
different swirl angles, (CH.=0.69, 0,=2.78,
CO,=5.87 kg/hr), [(a)swirl angle : 30°
(b)swirl angle : 45°, (c)swirl angle : 60°]
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Fig. 6 Swirl intensity effects on CH radicals
(CH=0.69, 0O,=2.78, CO,=5.87 kg/hr) for
different swirl angles, [(a)swirl angle : 30°,
(b)swirl angle : 45°, (c)swirl angle : 60°]
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Fig. 7 CO, addition effects on flame shape (CHs=
0.69, 0,=2.78 kg/hr, swirl angle=45,) for
different amounts of CO, addition, [(@)CO; :
5.87 kg/hr, (b)CO, : 7.09 kghr, (c)CO, :
8.37kg/hr]
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Fig. 8 CO, addition effects on OH radicals (CHs=
0.69, 0,=2.78 kg/hr with swirl angle=45)
for different amounts of CO, addition,
[(8)CO, : 5.87 kg/hr, (b)CO, : 7.09 kg/hr,
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Fig. 9 CO, addition effects on CH radicals (CHs=
0.69, 0,=2.78 kg/hr with swirl angle=45)
for different amounts of CO, addition,
[(2)CO, : 5.87 kg/hr, (b)CO, : 7.09 kg/hr,
(c)CO; : 8.37 kg/hr]
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