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Study on Combustion Characteristics of the Opposed Flames for

Different Mixing Rates of Carbon Dioxide and Water Vapor
Won-Hee Park”, Bum-Jin Jo™, Tae-Kuk Kim™

ABSTRACT

Detailed flame structures of the opposed flames formed for different oxidant
compositions are studied numerically. The detailed chemical reactions are modeled by
using the CHEMKIN code. Only the CO; and HxO are assumed to participate by
absorbing the radiative energy while all other gases are assumed to be transparent.
The discrete ordinates method and the narrow band based WSGGM with a gray gas
regrouping technique are applied for modeling the radiative transfer through
non-homogeneous and non-isothermal combustion gas mixtures generated by the
opposed flow flames. The results show that the different radiation model can cause
different results for flame structures and the WSGGM with gray gas regrouping is
successful in modeling the opposed flames with non-gray gas mixture. The numerical
results show that the increases in CO; and HzO compositions cause to reduce the flame
temperature and the NO formation.

Key Words '@ Radiative heat transfer, Opposed Flame, Combustion, Laminar Flow,
WSGGM, Discrete Ordinates Method
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Fig. 3 Comparison of the radiative heat sources
for different gas radiative models.

Table 1 Comparison of the peak values

obtained from various radiation models.
RN

Tem) €O, O €O OH, NO
Aodels p- s H, 1
SNB (exuct} 19040 20853 | 01735 | 00380 5.930e-3 11574
WSGGM- N -
RG10 1890.6 | 00838 | 0.1733 | 00367 | 5.628e3 1.1082-4
SLW 1928.4 DRI | 01747 § 00319 7.122¢3 1.246¢-3
Optically thin 18123 ©.0891 0.1708 | 40272 3.158¢-3 8.338e-5
No radiation 2089.6 60772 | 0178 | 00600 0.0116 2.097¢~4
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Table. 2 Chemical compositions of fuel and
oxidizer considered for analyses.

Fuel Oxidizer With CO.| Oxidizer with H0
CHs[ Oz | N2 | €0z | Oz | N2 {H:0| O | N2
0.80 |0.17 {063 | 6.00 {0.21]07910.06]0.21{0.79
080 [0.17]063 ] 005 ]1020]075]005]0.20{8.75
111080 ]0.17 1063 [ 010 10.19]07110.10]0.1818.71
0.80 [0.17 1083 ]| 015 ;0.18|06710.15{0.18 | 0.67
080|017 063|020 [0.17]|083]0.20]0.1710.63
0.80 |0.17 ] 963 [ 000 }0.21[079:0.00]0.21]0.79
080 0.17 1063 | 005 10,20 [0.75:0.05[0.20{0.75
15[/080[0.17 0863 ] 0,10 {0.19{071]0.100.1910.71
0,80 10.17 1083 ;1 015 10181087 10.16]0.1810.87
0.80 |0.17 1063 | 020 {0.17]086310.20]0.17 |0.63
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Fig. 4 Temperature profiles for different
, mole fractions in oxidant.
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(0, mole fractions in oxidant.
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