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Near-Extinction Structure of Counterflow Nonpremixed
Hydrogen-Air Flames

H.J. Kim and Y.M. Kim (Hanyang Univ.)

ABSTRACT

The axisymmetric Navier-Stokes model together with detailed chemical kinetics
and variable transport properties has been applied to analyze the effects of the
multidimensional flow on the flame characteristics in the nitrogen-diluted
hydrogen counterflow nonpremixed flame. Computations are performed for two
nozzle exit area-averaged velocities. Effects of multidimensional flow and strain
rate on the near-extinction structure of the highly diluted hydrogen flames are
discussed in detail.
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Transport Coefficient and Source Terms Appearing in Governing Equations
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TABLE 2

Specific Reaction-Rate Constants for the Hydrogen Oxygen System

No. Reactions A n E
1 H+ Oz = 0H +0 3.52x10' -0.7 17070
2 H:+O=O0OH + H 5.06x10% 2.67 6290
3 OH + OH = Hz0 + O k = 5.46x 10 exp(0.00149T)
4 Hs + OH = H:0 + H 1.17x10° 1.3 3626
5 H+ Oz+ M~ HO: + M 6.76X10'° -1.42 0
6 H + HOz = OH + OH 1.70x10% 0.0 874
7 H + HOz = Hz + Og 4.28x10" 0.0 1411
8 OH + HOz = Hz0 + O3 2.89%x101!3 0.0 -497
® H+H+Me=H +M 1.80x10'8 -1.0 0
10° H+ OH + M= H0 + M 2.20x10% -2.0 0
11 HO2 + HOz = H20: + O2 3.02x 10 0.0 1390
12° Hy02 + M = OH + OH + M 1.20x 107 0.0 45500
13 Hz02 + OH = Hz0 + HO: 7.08x10 0.0 1430
14 O + HOz = OH + O 2.00x10"3 0.0 0
15 H + HOz = O + H:0 3.10x10* 0.0 1720
16 H+ O+ M«=O0OH + M 6.20%x 10 -0.6 0
1T O+0+M=0+M 6.17x10%* -0.5 0
18 H202 + H =« H20 + OH 1.00x 1013 0.0 3590
19 H20: + H = HOz + Hj 4.79%x10" 0.0 7950
20 O+ OH+MeHO + M 1.00x10'® 0.0 0
21 Hz + Oz = OH + OH 1.70x10" 0.0 47780

Units : mol/em®, s™', K, cal/mol

* Chaperon Efficiencies : Hz2:2.5, H20:12.0, 02:1.0 and N2:1.0
> Chaperon Efficiencies : H2:1.0, H20:6.5, 02:0.4 and N2:0.4
® Chaperon Efficiencies : H2:2.5, H20:15.0, 02:1.0 and N2:1.0
Application range : Temperature : 300K ~ 3000K

Pressure : 0.25 atm - 10 atm
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