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Nomenclature

a : Local strain rate

g : Global strain rate

D : Burner diameter

g : Acceleration of gravity

k : Thermal conduction

L : Separation distance between the fuel and the oxidizer nozzle
Ly : Flame length

l,, : Mixing length thickness

q, : Lateral heat loss

Ty : Flame radius

T : Temperature

Timax : Maximum. flame’ temperature

Ur  : Nozzle exit velocity-of fuel

Vr : Velocity ratio

vV, : Axial velocity at oxidizer nozzle exit

Vi : Axial velocity at fuel nozzle exit, Propagation velocity
v, : Buoyant Convection Velocity

Xi : Mole fraction of chemical species i

7 mixture fraction
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Fig. 3.2 Experimental apparatus of counterflow burner
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D=18 D=26 D=26 D=46 D=46
. L=15 | L=15 | L=20 | L=15 | L=20
Voo |Regime | (mm) | (mm) | (mm) | (mm) | (mm)
Ay, 57! dy, s dy, 57! Ay, s dy, s
I _ _ _ _
1 I 27-36 30 25-34 - -
il 37< 31< 35< 34< 27<
T.P. 37 31 30 - -
I i = 4 -
L5 I 23-38 25-31 20-34 22-23
) Jill 39< 32< 35< 24 <
T¥P; 37 31 30 24
I <23 <28 <27 -
) II 24-41 29-30 28-34 20-24
I 42 < 318 35< 25<
{[P* 39 31 30 25
| <28 <28 <28 -
3 I 29-44 29-38 29-34 18-20
I 45< - 35< -
T.P. 39 32 31 -
I <30 <29 <29 -
I 32-39 30 30-35 16-20
4
I _ _ _ _
T.P. - - 32 -

Table 4.1 The classification of flame extinction modes at various

flame conditions.
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Role of Outer Edge Flame on Flame Extinction

in Counterflow Diffusion Flames

Yong Ho Chung

Department of Mechanical Engineering and Interdisciplinary
Program of Marine-Bio,
Electrical & Mechanical Engineering,
Graduate School
Pukyong National University

Abstract

The present, study in nitrogen-diluted non-premixed  counterflow flames
with finite burner-diameter experimentally investigates‘the important
role of outer edge flame .in flame extinction. Flame stability diagrams
mapping the flame extinction response of nitrogen-diluted non-premixed
counterflow flame to varying global strain rate in terms of burner
diameter, burner gap, and velocity ratio are explored. There exists a
critical nitrogen mole fraction beyond which the flame cannot be
sustained, and also the curves of critical nitrogen mole fraction versus
global strain rate have C-shapes in terms of burner diameter, burner
gap, and velocity ratio. At the sufficiently high strain rate flames, the
critical nitrogen mole fractions with global strain rate collapse into one

curve and the flames can be of 1-D flame response of typical diffusion
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flame. Three flame extinction modes are identified: flame extinctions
through the shrinkage of outer edge flame with as well as without
having an oscillation of the outer edge flame prior to the extinction
and flame extinction through a flame hole at the flame center.
Measured flame surface temperature and numerical evaluation of the
fractional contribution of each term in energy equation show that the
radial conductive heat loss at flame edge destabilizes the outer edge
flame and the conductive heat addition as well as the convection heat
addition to the outer edge from trailing diffusion flame to outer edge
stabilizes the outer edge flame. The radial conductive heat loss at flame
edge is the dominant extinction mechanism  through the shrinkage of

the outer edge flame.
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