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Characteristics of Thermoacoustic Instability in a Rijke-type Combustor Under
CO,/O, Atmosphere
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ABSTRACT: The objective of this paper is to study the
instability mechanisms of Rijke-type
combustor under the CO,/O, atmosphere, an experimental

thermoacoustic

setup has been built. Temperature distributions, combustion
completeness and thermoacoustic oscillations were investigated
under different combustion powers P, (oxidant flow rate g:
83.3, 116.7 and 150 mL/s), oxygen concentrations Xo, (25%
and 30%) and equivalence ratios @ (0.6, 0.7, 0.8, 0.9 and 1.0).
A closed-open stainless tube with a diameter of 40 mm and a
length of 1066 mm was used as the combustor, and the flame
holder made of dense cordierite was mounted in the
cross-section at the quarter place downstream of the combustor
inlet. The premixed gas of CO,/O,/CH, was ignited just
downstream of the flame holder. Experimental results showed
that the temperature inside the combustion chamber was
greatly related to the P, and @. The un-burn-off rate of methane
decreases with @, showing a good linearity. The excitations of
thermoacoustic instability differ a lot with the cases under the
air atmosphere, their resonant frequencies are lower than those
under the air atmosphere. Results showed that the instabilities
did not occur when @<0.6 under the condition of go,=83.3 or
116.7mL/s, and that the instabilities did not occur when
@ <0.7 under the condition of g, =150 mL/s.

KEY WORDS: Rijke-type combustor; CO,/O, atmosphere;
thermoacoustic instability
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R1 (x=83.3mL/sHYRIE TRIRMINE)
Tab.1 Experimental case gox=83.3 mL/s (low heat power)
M5 geoJ(MLIS) go(MLIS) genJ(mL/s) [ Xo,/%
1 58.3 25 125 1.0 30
2 58.3 25 11.25 0.9 30
3 58.3 25 10.0 0.8 30
4 58.3 25 8.75 0.7 30
5 58.3 25 7.50 0.6 30
6 62.5 20.83 10.42 1.0 25
7 62.5 20.83 9.375 0.9 25
8 62.5 20.83 8.33 0.8 25
9 62.5 20.83 7.29 0.7 25
R 2 Qu=116.7 mL/sHIIRIE TR (B AINE)
Tab.2 Experimental case qo=116.7 mL/s
(medium heat power)

W good(MLIS) go(MLIS) gend(mLis) @ Xo/%
1 81.7 35 175 1.0 30
2 81.7 35 15.75 0.9 30
3 81.7 35 14.0 0.8 30
4 81.7 35 12.25 0.7 30
5 81.7 35 10.5 0.6 30
6 87.5 29.2 14.59 1.0 25
7 87.5 29.2 13.13 0.9 25
8 87.5 29.2 11.67 0.8 25
9 87.5 29.2 10.21 0.7 25
F 3 ox=150 mL/sBYiR I TR (E S INE)
Tab. 3 Experimental case gq=150mL/s
(higher heat power)

%5 gcod(mL/s) go(mL/s) gen/(mL/s) [ Xo,%
1 105 45 225 1.0 30
2 105 45 20.25 0.9 30
3 105 45 18.0 0.8 30
4 105 45 15.75 0.7 30
5 105 45 13,5 0.6 30
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Fig. 2 Temperature distribution (gex=83.3 mL/s,
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Fig. 3 Temperature distribution (gox= 150 mL/s,

Xo,=30%)
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Fig. 4 Oxygen concentration (Xo,=30%0)
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Fig. 5 Oxygen concentration (Xo,=25%)
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Fig. 6 Methane un-burn-off rate (Xo,=30%0)
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Fig. 7 Methane un-burn-off rate (Xo,=25%)
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Tab .4 Linearity fit of un-burn-off rate of CH,

Xo, AR R
25% y=95.4245-96.12x 0.997
30% y=93.68467-94.39667 x 0.997
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Fig. 8 Pressure waveforms and spectrum analysis of
thermoacoustic instability (qox=83.3 mL/s,
Xo0,=30%, @=1.0)

400

200 §.

~200 fi #

00 . . .
0.000 0.005 0.010 0.015 0.020
tls

(@) EJ1BE

250 t
200
150
100 +
50 r
0 A
0 200 400 600 800 1000
fIHz
(b) B 5y v
B O A AEETEHIE B B ST 4 7 (Gox = 116.7 mLs,
X0,=30%, @=1.0)
Fig. 9 Pressure waveforms and spectrum analysis of
thermoacoustic instability (qox=116.7 mL/s,
Xo0,=30%, @=1.0)
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Fig. 10 Pressure waveforms and spectrum analysis of
thermoacoustic instability (¢ox=150 mL/s,
Xo,=30%, ®=1.0)
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