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Numerical Study on Extinction and Acoustic Response of Diluted Hydrogen-Air
Diffusion Flames with Detailed and Reduced Chemistry
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Abstract

Extinction characteristics and acoustic response of hydrogen-air diffusion flames at various
pressures are numerically studied by employing counterflow diffusion flame as a model flamelet
in turbulent flames in combustion chambers. The numerical results show that extinction strain
rate increases linearly with pressure and then decreases, and increases again at high pressures.
Thus, flames are classified into three pressure regimes. Such nonmonotonic behavior is caused by
the change in chemical kinetic behavior as pressure rises. The investigation of acoustic-pressure
response in each regime, for better understanding of combustion instability, shows different
characteristics depending on pressure. At low pressures, pressure-rise causes the increase in flame
temperature and chain branching/recombination reaction rates, resulting in increased heat
release. Therefore, amplification in pressure oscillation is predicted. Similar phenomena are
predicted at high pressures. At moderate pressures, weak amplification is predicted since flame
temperature and chain branching reaction rate decreases as pressure rises. This acoustic response
can be predicted properly only with detailed chemistry or proper reduced chemistry.
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Table 1 Kinetic mechanism of H,-Air reaction system (A, : mole, cm?, sec ; E, : k]J/mole)

No. Reaction Ay by Ex
1 O +H s OH +0  2.00E+14  0.00 70.30
2 H, +0 & OH +H 5.06E+04 2.67 26.30
3 H, +OH & H,0 +H  1.00E+08  1.60 13.80
4 OH  +OH = H,0 +0  1.50E+09 1.14 0.42
5 H +H +M & H, +M  1.80E+18 ~1.00 0.00
6 H +0OH +M = H,O +M  2.20E+22 —2.00 0.00
7 0 +0 +M = O, +M  2.90E+17 —-1.00 0.00
8 H +0; +M & HO, +M  2.30E+18 —0.80 0.00
9 HO, +H =3 OH +0H 1.50E+14  0.00 4.20
10 HO, +H & H, +0; 2.50E+13  0.00 2.90
11 HO, +H e H.O +0  3.00E+13  0.00 7.20
12 HO, +0 & OH +0, 1.80E4+13  0.00 —1.70
13 HO, +OH & H,O +0,  6.00E4+13  0.00 0.00
14 HO, +HO, = H,0, +0, 2.50E4+11  0.00 —5.20
15 OH +OH +M s H,0, +M  3.25E+422 —2.00 0.00
16 H.0O, +H = H, +HO, 1.70E+12  0.00 15.70
17 H.0, +H & H,O +0H  1.00E+13  0.00 15.00
18 H,0O, +0 = OH +HO, 2.80E+13  0.00 26.80
19 H,0, +OH = H,0 +HO, 5.40E+12  0.00 4.20
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