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Thermal and Chemical Quenching Phenomena in a Microscale Combustor (IT)
- Effects of Physical and Chemical Properties of SiO,(x <2) Plates on Flame Quenching -

Kyu Tae Kim, Dae Hoon Lee and Sejin Kwon

Key Words :  Thermal Quenching(®€ 4%), Chemical Quenching(3}8 £ %9), Oxygen Vacancy(224
&F), Heat Loss(8 £4), Quenching Distance(2 ¢ A 2])

Abstract

In order to realize a stably propagating flame in a narrow channel, flame instabilities resulting from flame-
wall interaction should be avoided. In particular flame quenching is a significant issue in micro combustion
devices; quenching is caused either by excessive heat loss or by active radical adsorptions at the wall. In this
paper, the relative significance of thermal and chemical effects on flame quenching is examined by means of
quenching distance measurement. Emphasis is placed on the effects of surface defect density on flame
quenching. To investigate chemical quenching phenomenon, thermally grown silicon oxide plates with well-
defined defect distribution were prepared. Ion implantation technique was used to control defect density, i.e.
the number of oxygen vacancies. It has been found that when the surface temperature is under 300°C, the
quenching distance is decreased on account of reduced heat loss; as the surface temperature is increased over
300T, however, quenching distance is increased despite reduced heat loss effect. Such abberant behavior is
caused by heterogeneous surface reactions between active radicals and surface defects. The higher defect
density, the larger quenching distance. This result means that chemical quenching is governed by radical
adsorption that can be parameterized by oxygen vacancy density on the surface.
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Fig.3 A series of flame photographs when the
temperature of virgin Si0, plates is 100 C. The
distances of two plates are 4.95, 4.89, 4.85, 4.79,
4.75, 4.70mm in downward order
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Table 2 Low temperature reaction mechanisms of

methane
Reaction mechanisms A b E
CH4+04» CH3+HO, R1 7.90E13 | 0.0 | 234.30
CH;+0,~ CH,O0+OH R2 | 3.60E10 | 0.0 37.43
OH+CH,~ H,O0+CH; R3 1.60E6 2.1 10.29
OH+CH,0— H,0+HCO R4 3.43E9 1.2 1.88
CH,0+0,» HCO+HO, R5 | 2.00E13 | 0.0 | 163.18
HCO+0O,~» CO+HO, R6 7.58E12 | 0.0 1.72
HO;#+#CH4~» H,O,+CH; R7 1.81E11 0.0 78.24
HO,+CH,0~ H,0,+ R8 147E13 | 0.0 63.60
HCO
OH- wall R9
CH,~ wall R10
HO,~ wall R11

k=A T’ exp(-E/RT), unit: cm’, mol, kJ
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Table 3 Langmuir-Hinshelwood  surface  reaction

mechanisms, where * means vacant surface
sites and H* means an adsorbed H radical

Radicals Reaction Mechanisms
H H+*-> H*
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o O+*—> O
20% - O, +2*
OH + * > OH*
OH 20H* » H,O+O* +*
20* - O, + 2*
HO, +2* > OH* + O*
HO, 20H* - H,O0+0O* +*
20* » O, +2*
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