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Abstract: An numerical study on laminar methane—air premixed flames was performed to determine the
quantitative correlation between the heat release rate (HRR) and chemiluminescence, varying the equiva-
lence ratios from 0.8 to 1.4, flow velocities from Sem/s to 25cm/s. Different heat release characteristic of elemen-
tary reactions and the relationship between net reaction rate and heat release rate are analyzed. The present work
investigates the distribution of excited state radical concentration and heat release rate, gives the reason of OH’
chemiluminescence mark HRR and determines the precision correlation between the peak concentration of OH
and the peak of HRR. It is found that OH" and CH" are located in the narrow area where severe chemical reactions
are happening and lots of heat are released. The variation of OH" concentration distribution with equivalence ratio
is similar to HCO, the peak value of concentration reach maximum at equivalence ratio is 1.0. OH" can identify
the distribution of the heat release rate. Compared with CH", OH’ is more effective in predicting the heat release
rate. The peak of heat release rate as a linear function of the peak concentration of OH", and with the increase of
equivalence ratio, coefficient of proportionality is decreasing.
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Fig. 1 Comparison between experimental data (symbols)

and computational results (lines)
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Table 1 Chemkical reaction mechanism for excited-state species

No. Reaction Al(em*/(mole + s)) b E/(cal/mol) Ref.
1 CH+0,=CO+0OH" 4.82x10" 0.0 167 [18]
2 H+O0+M=0H"+M 5.45%10" 0.0 0 [18]
3 OH—OH 1.45%10° 0.0 0 [22]
4 OH'+N,=OH+N, 1.08x10" 0.5 -1238 [22]
5 OH'+0,=0H+0, 2.10x10" 0.5 -482 [22]
6 OH +H,0=0H+H,0 5.92x10" 0.5 -861 [22]
7 OH'+H,=OH+H, 2.95x10" 0.5 -444 [22]
8 OH'+C0,=0H+CO, 2.75%10" 0.5 -968 [22]
9 OH+CO=0H+CO 3.23x10" 0.5 =787 [22]
10 OH'+CH.=OH+CH. 3.36x10" 0.5 -635 [22]
11 C,H+0,=CO+CH’ 6.02x10™ 44 -2285 [21]
12 C,H+0=CO+CH’ 6.02x10" 0.0 457 [21]
13 CH—CH 1.85%10° 0.0 0 [22]
14 CH+N,=OH+N; 3.03x10° 34 -381 [22]
15 CH'+0,=0H+0, 2.48x10° 2.1 -1720 [22]
16 CH'+H,0=0H+H.0 5.30x10" 0.0 0 [22]
17 CH'+H,=OH+H, 1.47x10" 0.0 1361 [22]
18 CH'+CO.=0H+CO, 2.40x10™" 43 -1694 [22]
19 CH'+CO=0H+CO 2.44x10" 0.5 0 [22]

20 CH'+CH.,=OH+CH, 1.73x10" 0.0 167 [22]

Note: The reaction rate coefficient is expressed as k=AT'exp(—E/RT) , where A is a pre—exponential factor; T is the temperature; b is

the temperature exponent ; E is the activation energy; and R is the universal gas constant.
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Table 2 Flame parameters

Flame Gas velocity/(cm *s™')  Pressure/kPa X, Xo, Xy

Case T 34.2 533 0111 0222 0.667
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Table 3 Primary exothermic reaction at v=10cm/s

No. Reaction

R52 H+CH;(+M)=CH.(+M)
R10 0+CH:=H+CH,0
R284 0+CH,=H+H+CO
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Fig.2 Contribution of each reaction to the total heat

release rate at ¢=1.0,v=10cm/s
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Fig. 3 Correlation between HRR and the net reaction rate
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Fig. 6 Mole fraction of HCO and OH" change with the equivalence ratio

Fig. 7 Observation of the reaction path when OH' is

produced from methane-air flame
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