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Nomenclature

a : Local strain rate

g : Global strain rate

D : Burner diameter

g : Acceleration of gravity

I : Thermal conductivity of gaseous mixture
L : Separation distance between the fuel and the oxidizer nozzles
Ly : Flame length

L : Mixing length thickness

q, : Radial conductive heat loss

Ty : Flame radius

T : Temperature

Tmax ¢ Maximum flame temperature

Vi : Nozzle exit velocity in the fuel side

Vr : Velocity ratio

V, : Nozzle exit velocity in the oxidizer side
Vi : Buoyancy-induced Convection Velocity
X : Mole fraction of chemical species i

7 mixture fraction
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Fig 3.4 The comparisonof counterflow flame between helium

and nitrogen curtain flow
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Regime

He mole fraction at curtain flow

1.0 0.9 0.8 0.7
I < 16 < 15 <1 <9
II 17-31 16-31 12-30 10-29
I1I 32 < 32 < 31 < 30 <
T.P 31 30 30 29

Table 4.1 Classification of flame extinction modes in terms of He

mole fraction in curtain flow.
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Study on Flame Extinction Behavior

in Buoyancy-minimized Counterflow Diffusion Flame
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Department of Mechanical Engineering,
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Pukyong National University

Abstract

An experimental study was conducted to elucidate flame extinction
phenomena in = buoyancy-minimized = counter-flow flames. Considering a
small difference between the densities of flame zone and, helium, helium
curtain flow was adopted to minimize buoyancy force ' in non-premixed
counterflow configuration.: Experiments were performed such that diluent
mole fraction in the “fuel" side could increase until the flame was
extinguished, and the buoyancy force could increase gradually by adding

nitrogen to the helium curtain flow.

Critical helium mole fraction at flame extinction with global strain rate
showed the typical C-shape. The global limit strain rate, below which
even pure methane could be extinguished, was 4.7 s”. The limit strain
rate was expected to have lower values in case of larger burner

diameters than 26 mm.

The outermost edge flame without buoyancy effect was self-excited in
oscillation range of 4~5 Hz irrespective of global strain rate and diluent
mole fraction in the fuel side. Such orders in frequency could be caused

by buoyancy and/or Lewis number. In the past study on self-excitations
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in laminar lifted jet flames, Lewis-number-induced self-excitation was
shown to be suppressed by buoyancy-driven one, and both had the
similar order of O(1.0 Hz). In this sense, experiments were conducted by
varying the buoyancy force via adding nitrogen into the helium curtain
flow. The result showed that the self-excitation frequency decreased with
increasing buoyancy force and it disappeared below the critical helium
mole fraction in curtain flow (above the critical buoyancy force),
implying that the buoyancy force suppressed the self-excitation.
Considering many aspects observed in the past studies, the self-excitation
might be addressed to Lewis number. Nevertheless, further research

efforts are required to solve it in the future.

_67_



	제 Ⅰ장   서  론 
	제 Ⅱ장   이론적 고찰
	2.1 대향류 확산화염 
	2.2 S-curve 거동 특성
	2.3. 대향류 확산화염 수치해석

	제 Ⅲ장   실험장치 및 방법
	3.1 실험장치 
	3.1.1 대향류버너
	3.1.2 상부버너 냉각수 순환장치와 장막유동
	3.1.3 질량유량 제어기

	3.2 실험방법
	3.2.1 대향류화염의 소화특성 가시화
	3.2.2 화염분석을 위한 Matlab 기법
	3.2.3 실험조건
	3.2.4 부력의 제거


	제 Ⅳ장   실험결과 및 고찰
	4.1 부력이 제거된 대향류화염의 소화거동
	4.2 대향류 확산화염의 진동과 부력

	제 Ⅴ장   결  론
	감사의 글
	참고문헌
	영문초록


