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Influence of Burner Temperature on Local Burning Velocity at Laminar Flame Base just

before Flashback
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Abstract : Various factors that influence flame flashback of a laminar flame were studied. We focused on a stationary
laminar flame base just before flame flashback to apply concepts of stationary conditions. In our experiments the flame
stretch rate and the heat release rate in the vicinity of a lean methane/air premixed flame base were quantitatively measured
using a single, rectangular port burner that controlled the surface temperature. The variations of the flame temperature
and the mass flux were led from the analytical equations, that the previous study had shown, and our experimental results.
In order to examine the mechanism of a flashback occurrence, it was explained that the equilibrium position between the
fluid velocity and the burning velocity was located near the maximum position of the flame stretch rate along the flame.
At this position, the local burning velocity estimated from the analytical equations increased in the maximum by 9% from
the laminar burning velocity because the contribution of the flame curvature is the largest between factors that relate to the
variations of the the local burning velocity. This result shows that the flame curvature according to the flame shape at the
equilibrium position between the fluid velocity and the burning velocity becomes the main factor to occur the flashback.
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Fig.l1 Schematic of the experimental apparatus.
1 CH, tank; 2 air compressor; 3 dryer; 4,5 mass flow controller; 6 mixing
tube; 7 flashback arrester; 8 flow straightener; 9 water-cooled wall; 10
heater; 11 quartz window; 12 burner port; 13 temperature controller.
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Fig.2 Schematic diagram of the optical system.
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Fig.3 Direct photograph of a methane/air flame (without heating,
V,=05m/s,¢=0.71).
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Fig.4 Schematic illustration of burning velocity and fluid velocity above
the burner rim and measurement range along the flame.
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Fig.5 Influence of burner temperature on flashback limit.
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Fig.6 Temperature profiles of unburned gas at the burner port without
flame at ¥, =0.5 m/s.

7 mm WY TS, BAREEIE NN —F RO Tt b &
(B2 Ebhol, INEDMERNPS, DETERT
LIS 2 RREERIRE & LTI N —FBEDHLIE x
=7mm ICBISPEEIE T, LD, K6 kh N—FiE
T,=323,373,473K ZNZFIUTE VT, T,=320,360, 440 K
L7

4.2 KRMHE

X 71X PIV IZ & 2 KRIEEDOMEER T b Vo34l i s 5
THY, T,=313KIZETS V,=0.5ms, ¢fb=0.67 DI
TTh 5. KODFERIIEET EH 615 5 N7 KK DT
M ZRY, N—FRE T, DEVICK ST, HEXT b
LDGHEHIRIZIEIERETH D, B\ T, 13 IR0 ME
DI 725 2 ERIERL TS, F N —Fih
5 KAEHI £ TOMBEC W T, T, DEWIC L & ¢ HR
Echot,
KRMENTEE DA & KR OMMED» S BAfEd 2 2 &3
Hen, KEME  OFHICIENoRE G 72[13].

2| LI U Nt

2_

Nttt A7
1t 7?7 s -

R A A A N R —
- ’ff/////l_’_‘ﬂ_‘Flame
é—ffl‘f/// front
> ’ A, /7

o[ttt

Fttt sy
1
, , ttt oy Burner
-1 T | T T I J
5 6 7 . 9

X [mm]
Fig.7 One of the velocity vector distribution using the PIV (7, =0.5 m/
s, ofb =0.67 at T, =373 K).

(53)



138

500

—e— Burner 323K
—v— Burner 373K |

400 N S s o— Burner 473K

300

200 o o e NG

x [mm]

Flame stretch rate « [1/s]

100 - b

P, 5

urner

.\,O

.0

Fig.8 Flame stretch rate k along the flame (7, =0.5 m/s, ¢fb = 0.68,
0.67 and 0.65 at 7,, = 323, 373 and 473 K respectively).
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Fig.12 Ratio of influence factors on local burning velocity.
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