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Local Stretch Rates at Non-stationary Non-premixed Edge Flames
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Abstract : An experimental study about effects of unsteadiness on extinction behavior of counterflow non-premixed edge

flame was conducted. The counterflow non-premixed edge flame was established in the flow field with non-uniform stretch

rate distribution between inclined counterflow slot-jet burners. Changes in the flow velocity, fuel volume ratio and fuel mass
flux at the burner exit resulted in propagation of the edge flame. The propagation velocity of the flame edge was measured
and the local stretch rate at the flame edge of the non-stationary edge flame was compared to that of the stationary edge
flame. Experimental results showed the propagation velocity of the edge flame was in proportion to the rate of change in
flow conditions. There was no difference between ignition mode in which the edge flame propagated toward a high stretch

side and extinction mode in which the edge flame propagated toward a low stretch side. The local stretch rate at the flame

edge of the non-stationary edge flame was the same as that of the stationary edge flame in all experimental conditions. It was
noted that these results were obtained in the flow field with a relatively small rate of change in the flow condition.
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Fig.1 Experimental apparatus
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Fig.2

Image of direct emission from stationary edge flame (R=30%,
U=17.5cm/s)
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Fig.3 Comparison of extinction stretch rates for planar counterflow
flames and local stretch rates at flame edge of edge flames
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Fig.4 Relation between mixture fraction (Z) and scalar dissipation rate
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Fig.5 Relation between exit flow velocity (U) and local stretch rate (Se)
at flame edge of stationary edge flame
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Fig.6 Relation between fuel volume ratio (R) and local stretch rate (Se)
at flame edge of stationary edge flame
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Fig.7 Relation between fuel mass flux (qr) and local stretch rate (Se) at
flame edge of stationary edge flame
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Fig.8 Image of direct emission from non-stationary edge flame in
extinction mode (R=30%, 6=6 deg., a=0.60cm/s’)
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Fig.9 Image of direct emission from non-stationary edge flame in
ignition mode (R=30%, 0=6 deg., a:-0.600m/sz)

beceleration a [em/s?]

100
—=—0.20 --e--0.20
—=0.40 --m--0.40
an ——() .60 --a---0.60

r [mm]

e W Lhe o

50

0 20 40 60 80
time [=]

Fig.10 Time histories of edge flame positions under constant fuel
volume ratio (R=30%, 6=6deg.)
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Fig.11 Dependence of velocity at flame edge on acceleration under
constant fuel volume ratio (R=30%)
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Fig.12 Velocities at flame edge under constant exit flow velocity
(U=20.0 cm/s)
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Fig.13 Comparison of local stretch rates at flame edge between
stationary and non-stationary edge flames under constant fuel
volume ratio (R=30%)
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Fig.14 Comparison of local stretch rates at flame edge between
stationary and non-stationary edge flames under constant exit
flow velocity (U=20.0cm/s)

B6ETHS, @DT—YIIELELY P 7L —LDIyY
RATERTH 2. Ko, KEBICEIT 2 N—FHO
T DZEK, BRI BOZTKIIB T, Ty I
JRFERIIEAT Yy P 7 L —bDMEEED RN LD
5. Fl, HEKE—FEHRE—FLOELBNLE»->
7o 15 IZREVEEREE B IR b s, Ty Y7
L —L%2BEISLEGADO Ty PRI ERZ N —F
Ot Lc7ay b LabDTH S, BEERTEZ
—EILT B E, Ty PHRERMERD —EELE %5, K15
KEWTY, Ty PERFTIEIED N —F O o ik
EOEICX 5T, CHEZY Y7L —LDRFTHERIC—3%

(44)

HABMEE &5 55524 160 %5 (2010 4E)

75 . . : .
Acdeleration a [om/s’] i ]
—0.10  ----- 0.60 - —-0.40
0020 ----010 -—--0.60 [~
- —0.40 -0.20 @ Steady
65
4
= 60
" ﬁmﬂwmmmem
al]
b0
CH4/M2-Air
45
20 21 22 23 24 25 o8
U [om/s]

Fig.15 Comparison of local stretch rates at flame edge between
stationary and non-stationary edge flames of CHs fuel under
constant fuel mass flux (qFO.OSOkg/mzs, R=30%)
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Fig.16 Comparison of local stretch rates at flame edge between
stationary and non-stationary edge flames of C3Hs fuel under
constant fuel mass flux (qf=0.070kg/mzs, R=15%)
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