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Abstract

A flame extinction phenomenon is a typical unsteady process in combustion. Flame extinction is
characterized by various physical phenomena, such as convection, diffusion, and the production of heat and
mass. Flame extinction can be achieved by either increasing the strain rate or curvature, by diluting an inert
gas or inhibitor, or by increasing the thermal or radiant energy loss. Though the extinction is an inherently
transient process, steady and quasi-steady approaches have been used as useful tools for understanding the
flame extinction phenomenon. Recently, unsteady characteristics of flames have been studied by many
researchers, and various attempts have been made to understand unsteady flame behavior, by using various
extinction processes. Representative parameters for describing flame, such as flame temperature, important
species related to reactions, and chemi-luminescence of the flame have been used as criterions of flame
extinction. In these works, verification of each parameter and establishing the proper criterions of the
extinction has been very important. In this study, a time-dependent flame temperature and an OH radical
concentration were measured using optical methods, and the instantaneous change of the flame luminosity
was also measured using a high-speed ICCD (HICCD) camera. We compare the unsteady extinction points
obtained by three different methods, and we discuss transient characteristics of maximum flame temperature
and OH radical distribution near the extinction limit.
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Fig. 1 Schematic of experimental setup
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Fig. 2 (a) Flame image [90 degree], (b) Flame image [45 degree], (c) CH chemi- luminescence image [Vmain

nozzle=117.5 cm/s,

Veo-ow=108 cm/s], (d) CH chemi- luminescence image [Viain nome=117.5 cm/s, V.

now=195.3 cm/s] (e) Radial velocity distribution near the flame [measured by LDV]
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Fig. 3 Behaviors of flame during the unsteady extinction process (a) flame images at 90 degree view (b) flame images
at 45 degree view [pictured by HICCD camera, CH4:No= 5:5 ajpj15=266.1 (1/5))
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flame and Rayleigh scattering signal images
during the unsteady extinction process[CH4:Ny=

5:5 ajpjtia=226-8 (1/5)}
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Table 1 Rayleigh cross-sections of various gases and Rayleigh cross-sections at T, with various strain rates

Rayleigh scattering cross- . .
section Rayleigh scattering cross-
Component (A=532nm) Strain rate(1/s) section
%, 2 D x,04 x10%(cm?)
O X107 (cm™) R
H, 1.335 226.8 6.33858
0, 5.083 237.0 6.33432
OH 2.889 261.6 6.33443
HO 4428 291.2 6.32199
CH, 13.42 3228 6.32197
CO 7.870 358.6 6.30811
CO, 13.79 358.8 6.31211
N, 6.129
Air 5.777 X, was obtained from numerical simulation
(Chemkin, GRI 3.0)

Rayleigh scattering signal
CH,N,=46
Bl a,,=113.4 (15}

——t=0(ms}
------ 122

Rayleigh scattering signal (AU)

T L LA T T
L] 1 2 3 4 5 6 7 8 9

X (mm)

Fig. 5 Spatial distribution of Rayleigh scattering signal
with respect to the time[CH4:N2=4:6 ays,=
226.8 (1/s)]
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Fig. 7 OH LIF signal images of the unsteady extinction process [CH4:Ny= 5:5 a;4;1ja1=226.8 (1/5)]
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Fig. 9 Change of the maximum relative OH intnesity with respect to the time[CH4:N2=
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