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Flame-Extinguishing Concentrations of Inert Gases in
Jet Diffusion Flames
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Abstract : Extinguishing limits of laminar ethylene/oxygen flames in both normal and inverse co-flow jet burner
have been determined experimentally and computationally. An inert gas(Nz, Ar, CO,) was added into the oxidizer to
find the critical concentration and the effectiveness of the agents on flame extinction. The experimental results showed
that the physical aspect of inert gases was main mechanism for flame blow-out as same as cup burner test, but the
flow effect should be considered to determine the extinction concentration. The numerical prediction was performed
with modified WSR model and the result was in good agreement with the measurements. The experimental and nu-
merical methods could be used for the assessment of various flame suppression agents such as minimum extingui-

shing concentration.
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Fig. 1. Nozzle configurations in a normal diffusion flame and
an inverse diffusion flame,
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Fig. 2. Schematics of experimental apparatus,

Journal of the KOSQS, Vol. 24, No. 1, 2009



HEHMSHANMY 22

T
y
- Stable

i 5 1 3
01 1 5 10 25
Oxidizer, imin

Fig. 3. Stabilization diagram of ethylene/air NDF.

Table 1. Fuel and oxidizer velocities on experiments

Cases Burner Velfuel (em/s)  Veloxi (cm/s)
1 NDF 113 494
2 NDF 113 98.8
3 NDF 41.5 5.7
4 IDF 6.2 37.7
5 IDF 6.2 75.5
6 IDF 6.9 349
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Fig. 4. Flame direct photos as decreasing oxygen mole
fraction, Xz, in oxidizer stream,
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Table 2, Critical oxygen mole fraction at extinction limit

Table 3. Predicted oxygen mole fraction at flame extinction
with various inert gases

Cases N, Ar CO;
1 0.143 0.091 021
2 0.154 0.108 0.222
3 0.143 0.095 0.182
4 0.179 0.111 0.238
5 0.189 0.125 0.25
6 0.167 0.1 021

N, Ar CO, COz Nk

XO2pred 0.142 0.095 0.218 0212
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Fig. 5. Comparison of measurement and prediction values on
flame extinction concentration,
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