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Study on Combustion Performance and Burning Velocity in a Micro Combustor
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Abstract

The effect of heat loss on combustion performance and burning velocity of micro combustors in various
conditions were exploited experimentally. Three different gases were used, and various geometric matrixes
were considered to figure out the phenomena of combustion in a micro combustor. The micro combustors
used in this study were constant volume combustors and had cylindrical shape. Geometric parameter of
combustor was defined as combustor height and diameter. The effect of height was exploited parametrically
as 1mm, 2mm and 3 mm and the effect of diameter was parameterized to be 7.5 mm and 15 mm. Three
different combustibles which were Stoichiometric mixtures of methane and air, hydrogen and air, and mixture
of hydrogen and air with fizel stoichiometry of two were used. By pressure measurement and visualization of
flame propagation, characteristic of flame propagation was obtained. Flame propagations which were
synchronized with pressure éhahge within combustor were analyzed. From the analysis of images obtained
during the flame propagations, burning velocity at each location of flame was obtained. About 7 % decrease
in burning velocity of CH,/Air stoichiometric mixture compared with previous a empirical result was
observed, and we can conclude that it is acceptable to use empirical equations for laminar premixed flame
Huming velocity to micro combustions. Results presented in this paper will give fine tool for analysis and
prediction of combustion process within micro combustors.
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Table 1 Combustor geometry matrix

Combustor Height (mm)
geometry v 1 2 3
Diameter 15 0 0 0
(mm) | 75 | NA 0 N/A
Electrode
Diameter
] Exhaust Z Inlet

Sensor

]
Height t::;“;:
|

1 1

Quartz window

Fig. 1 Schematic of combustor

Combustor

; Pressure sensor

Light _ .
source ‘ “

High speed ccra
Fig. 2 Schematic of experimental apparatus
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Table 2 Minimum initial pressure to guarantee flame
propagation in tested micro combustor

Chamber Chamber height (mm)
diameter
(mm) 1 2 3
H,/ Air, ¢=1
7.5 N/A less than 1 N/A
15 lessthan1  lessthan1 lessthanl
H,/ Air, =2
7.5 N/A 25 N/A
15 more than 6 3 13
CH,/ Air, ¢=1
7.5 N/A 1.3 N/A
15 3.1 1.3 less than 1
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(c) CHy/Air, $=1.0, D=15 mm

Time to reach maximum pressure in each
experiment condition
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Table 3 Pressure ratio for each height condition
(CH,/ Air, ¢=1)

Height 1 mm 2 mm 3 mm

Pressure Ratio 2% 7% 13%
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t =125ms’

Fig. 5 Flame propag_ation images in case of the
‘occurrence of quenching (CH,/Air, ¢=1.0, D=15
mm, H=1 mm, P;; =3 bar)

t =145ms

t=16.5ms

t=.5 ms

t=125ms t=145ms t=165ms
Fig. 6 Flame propagation images (CHJ/Air, ¢=1.0,
D=15 mm, H=3 m, P;;;=3.1 bar)
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Fig. 7 Flame propagation images (CHy/Air, ¢=1.0,
D=15 mm, H=3 m, P;,;=3.0 bar)
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Fig. 10 Comparison of burning velocity of micro
combustor with burning velocity obtained
using empirical equations (CH,/Air, ¢=1.0,

- D=15 mm, H=3 mm, Pi=3 bar)
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