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Abstract

NOx formation in turbulent flames is strongly coupled with temperature,
superequilibrium concentration of O radical, and residence time. This implies that in
order to accurately predict NO level, it is necessary to develop sophisticated models
able to account for the complex turbulent combustion processes including
turbulence/chemistry interaction and radiative heat transfer. The present study
numerically investigates the turbulent nonpremixed hydrogen jet flames using the
laminar flamelet model. Flamelet library is constructed by solving the modified Peters
equations and the turbulent combustion model is extended to nonadiabatic flame by
introducing the enthalpy defect. The effects of turbulent fluctuation are taken into
account by the presumed joint PDFs for mixture fraction, scalar dissipation rate, and
enthalpy defect. The predictive capability of the present model has been validated
against the detailed experimental data. Effects of nonequilibrium chemistry and
radiative heat loss on the thermal NO formation are discussed in detail.
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Flame | He | Renolds | Exit Vel. | Visible Flame | fsoich | Tad | Xnzo

(vol%) | number | (m/s) Length(L) [K] | in air

A 0 10000 296 180D 0.028 2430 | 0.0115

B 20 10000 294 150D 0.042 2360 | 0.013

C 40 8300 256 100D 0.064 2260 | 0.013
Table | Flame conditions and characteristics for the He-diluted H; flames
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Reaction A b E
R1 | H+O,; = OH+O 2.00E14| 0.00{ 70.30
R2 | H,+O = OH+H 3.06E04| 2.67] 26.30
R3 | H;+OH = H;O+H 1.00E08] 1.60j 13.80
R4 | OH+OH = H,0+0 1.50E09; 1.14] 0.42
R5> | H*H+M = Ho+M 1.80E18}-1.00¢ 0.00
R6 | H+OH+M = H,O+M 2.20E22}-2.000 0.00
R7 | O+O+M = O+M 290E17{-1.000 0.00

R8 | H+*O*M = HOx+*M 2.30E181-0.80 0.00
RO | HO.*H = OH+OH 1.50E14| 0.00; 4.20
R10| HO*H = Ha+O2 230E13] 0.00) 290
R11} HO,+H = H0+0 3.00E13]| 0.00; 7.20
R12| HO,+O = OH+O, 1.80E13} 0.00| -1.70
R13| HO,+OH = H0+0 6.00E13] 0.00; 0.00

R14| HO2+HO; = Hi0p+0; | 230EL1| 0.00] -5.20
R15| OH+OH+M = Hx0.+M | 3.25E22}-2.00p 0.00
R16 | H:0.+H = H,*HO; 1.70E12} 0.00 15.70
R17 | H:O»+H = H.0+OH 1.00E13j 0.00| 15.00
R18| H20.+O = OH+HO- 2.80E13] 0.00] 26.80
R19| H,0,+OH = HO+HO; | 540E12| 0.00] 4.20

Table 2
combustion (unit: mol, c¢cm, s, K, kJ)

Reaction mechanism for Ha-air
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