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An Experimental Study on the Extinction Limit Extension of Unsteady
Counterflow Diffusion Flames

Uen Do Lee, Ki Ho Lee, Kwang Chul Oh, Eui Ju Lee and Hyun Dong Shin

Unsteady Extinction Limit(¥] 3/ 48 &tA)), Equivalent Strain Rate(5 7} ¥ & §), Convective-
Diffusive Zone(d] -4t 4 9), Diffusive-Reactive Zone(ZH4k-4H3- g o)

Abstract

In this study, extinction limit extension of unsteady (CH4+N,)/air diffusion flames was investigated
experimentally. A spatially locked flame in an opposing jet burner was perturbed by linear velocity variation,
and time-dependent flame luminosity, transient maximum flame temperature and OH radical were measured
over time with the high speed camera, Rayleigh scattering method and OH laser-induced fluorescence,
respectively. Unsteady flames survive at strain rates that are much higher than the extinction limit of steady
flames, and unsteady extinction limits extend as the slope of the strain rate increases or the initial strain rate
decreases. We verified the validity of the equivalent strain rate concept by comparing the course of unsteady
extinction process and steady extinction process, and it was found that the equivalent strain rate concept
represents well the unsteady effect of a convective-diffusive zone. To investigate the reason of the unsteady
extinction limit extension, we subtracted the time lag of the convective-diffusive zone by using the equivalent
strain concept. Then the modified unsteady extinction limits become smaller than the original unsteady
extinction limits, however, the modified unsteady extinction limits are still larger than the steady extinction
limits. These results suggest that there exist the unsteady behavior of a diffusive-reactive zone near the
extinction limit due to the chemical non-equilibrium states associated with unsteady flames.
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Fig. 2 Velocity change over time [results of five
times repeating experiments]

#AS ENE 571 ¥ E(equivalent strain rate)S
H4319 3 ol T3 uAY A3 A FB
423 A9 Holg A3 o7 HABY FF
dAHE & A WHYE B WMPEY A
AArE nEP T WHEBEE oj8sT A0l
3o Ao AR B} © L 9uiE s
gx F3 P} Kyritsis 52 HFE ELsE
HwEgg wog ke dExsie a7 A4E
(scalar dissipation rate)o] ©l A G Ao
Aztzt Astm, 2lekRaman) AHEHE o]-4-3ho
v A4 Aol Aol dojus AHe 27
AN8E F3 O A 6iFY L9 A
A7 A 23 FARG 5% ~ 26%BE FE
B3 FAR™ ol WHPEL FIA 4sE
A9E g 23dol An F v o] Aol Wd
Santoro 9] ZAxe} viwd w H]FY 435 A<

Qg 23 @A Aolst I3 FoE Aol

PH Kaa = ARG AFA Fueld e
asel 95e BARS W TPEE ORR
se] asel AL Tu FANHE T

o} 9) Mo wet 3P A3 AV dHL
Bt o5 dad xHe wWYgsI
A7ve} 2SS B3 43 IFAS AHESE
Wy EH Age AME BFAM % ¥WEo] o
FA3 Ao ot 43 FA7 FFHYow 7
A4S HAm 27 ANER 23%E BRAY W
SAeE wAY 23 A Alo]9

Age wm AR w=@ 48

34 2t
ol 7k 743

o715 - 2B - olgF  NAF

Al Wghe) FARwrS 9 9(diffusive-reactive
zone)ol| A 9] v|AY Axs
AF3HRG. ol Zol

AREr] 4% gy
ol u|AA FHEe 23 A o]
B3tgk Aol Qe Aol Apdolt. oo B
APl AE HAY &H olfe & ARES
Higg dgzzoA g F& UFEH =7
ZZ0 we dgs i stE9 uAZY 4
H4& 58 uAY g AFs EA4E #F
. &3 AN 2sHFIA wAZS A
H4e 45 wnda Tt APEY @I
e F7lsl nu ol B Fihwhg 499
A fde] Wal dolrEF st B AT

o
09‘_3
o
N
)
2
oo
lo

ol g

F

2se B 45 Wl dd 9F v Fy
a7z WsE WAds B ¥ 4+ Qod
OERY gge) e wo

Hele) 43 @
W8 WY 4+ 9% AoR Azdrh

L A3 FAY AEgzo|th A4F FA=
€ % dHolA ¢ 57 Aa¥er
5 A A FEeE2 UFE 7
3 AlE v] v (opposing jet burner)

ek dare

2 F4 &9 UAEL dmmolL FUAF =F9
W4e 20mmolth. YFo| FUIE QLEFA
d49 ¢ HeEg FFHAT AsA =FH
A8 xZ Alol9 A 4mmE 3 AF
FFAE AHgse] fFE 2R =g
Re Fddo #5955 F7] A8 24 HAeH

A9 AFAE AFHIE BEe T OAY
A 22T olES FEE A% stde Y
qaBoz FAHO . &4 wWEY A7E
A d2E9 AAd o AAHAA Hed,
A H2E9 HAE Dygn = 20mm, 30mm,
40mm=  wHyelZiw A2 & #4 WuEsd
7Vystact. Alzhol upel wslsles 349 259 OH
goze $T& 5A387] A5t Rayleigh
7] ¥ (Rayleigh scattering method)® OH LIF o]
A4 5 QI ThB 539 Rayieigh AMd 7] Nd:YAG
# o] A (Continuum, 500mJ, 532nm) & JFYo=
A1e3t 99 =3 HeE|(band pass filter, 532nm,
FWHM 10nm)Z #&3F ICCD (Princeton Inc.
512x512)2 4138 &A%t OH LIFE Nd:YAG
HolHe ©lBol toldye) delA H FF
B3t 7] (frequency doublen)E ©]&3+o] 283.01nm=E
Txd  HolAE FYozm AE UL,
ATTTEXTHv=1, v'=0)"°] Q6 =212l OH LIF



MAYG WGF FA B 4

Fig. 3 Behaviors of flame during unsteady extinction process (a) visualization of flow field (b)
flame images at 90 degree view (c) flame images at 45 degree view [pictured by HICCD

camera, CH4:Ny= 5:5 a;32=266.1 (1/5)]
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Fig. 4 Extinction limits of the flame with
respect to different strain history
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