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Experimental Study of Thermoacoustic Instability in Premixed Rijke Combustor

LI Guo-neng, ZHOU Hao, YOU Hong-yan, CEN Ke-fa
(State Key Laboratory of Clean Energy Utilization (Zhejiang University), Hangzhou 310027, Zhejiang Province, China)

ABSTRACT: In order to probe into the mechanism of the
excitation of thermoacoustic instability in the process of
combustion, experimental setup was built to study the
thermoacoustic phenomenon in the premixed Rijke combustor.
A closed-open Rijke combustor with 40 mm in diameter and
1066 mm in length was used. The flame holder made of dense
cordierite was installed in the quarter of the combustor. The
premixed gas of methane and air was ignited just downstream
of the flame holder to form a flat flame. Experimental results
show that the equivalence ratio ¢ has a significant effect on the
intensity of thermoacoustic instability. In order to sustain the
combustion in the Rijke combustor, the inferior and superior
limit of the equivalent ratio was 0.63 and 1.75 separately. The
largest intensity of thermoacoustic instability occurrs when ¢ at
about 1.30 other than 1.0. The intensity of thermoacoustic
instability maintains at a relatively large level when ¢ at the
range of 1.0~1.5.
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Fig. 1 The schematic diagram of experimental system
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Tab.1 The experimental cases

75 ) 23 A/ (LImin) 9 R/ (L/min)
1 0.60 4.80 0.30
2 0.63 4.80 0.32
3 0.73 4.80 0.37
4 0.79 4.80 0.40
5 0.89 4.80 0.45
6 0.99 4.80 0.50
7 1.09 4.80 0.55
8 1.19 4.80 0.60
9 1.29 4.80 0.65
10 1.49 4.80 0.75
11 159 4.80 0.80
12 175 4.80 0.88
13 179 4.80 0.90
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Fig. 2 Pressure waveforms
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Fig. 3 Start-oscillation process of ¢=1.75 and flame
extinguishment process of ¢=1.79
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Fig. 4 Limit cycle pressure oscillation and
spectrum analysis(¢=0.99)
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Tab. 2 Experimental results
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Fig. 5 Average pressure amplitude and temperature

AR IAEEAT ORI, BT LA FSE B gl 48 KT 98K
FEGRT 1O, LB HE ETHE T B

3 it

AT Rijke TRBAKE S AR AFE M FRL:
G4, R T AL I AT IR S B R
RI IR T LA N &

(D) b2 Lt Rijke TR BREE RS A B A
Fooe Mo A R, 4ERF Rijke TR
FREBRBE )T BRI BR Ak 27 24 5 A b BR A B Ak 5
it 4 0.63 Al 1.75,

(2) Rijke TRVRIARE AT P9 FA P AR E (1) 55 Kk
FE AR R A g=1.0 I, T/ LE ¢=1.30
ey, HE MR &S 250 Pa.

(3) 4 1.0< ¢<1.5 W, RijkeTiBELE#S P11
AT E B AERF R 5L, XU S U T
Rijkelfh b #5175 5y K R SR pe I E ANFa 8 ) o 1X—
45 S RNOKR LI 73 2 e KB - it
BMZ%.

S0k

[1] Dowling A P. The challenges of lean premixed combustion

~\

[C]. Proceedings of the International Gas Turbine Congress, Tokyo,
2003.

[2] Backhaus S, Swift G W. A thermoacoustic stirling heat engine
[J]. Nature, 1999, 399(6734): 335-338.

[81 BRI, B, 4. A5 RS K R LT Tk e [3]. B
2EIMH, 2004, 49(9): 825-834.

Cheng Guobang, Tang Ke, Jin Tao. Advances in thermoacoustic
engine and its application to pulse tube refrigeration[J]. Chinese
Science Bulletin, 2004, 49(9): 825-834(in Chinese).

[4] Backhaus S, Twand E, Petach M. Traveling-wave thermoacoustic
electric generator[J]. Applied Physics Letters, 2004, 85(6): 1085-
1087.

[5] Backhaus S, Swift G W. A thermoacoustic-string heat engine: detailed
study[J]. Journal of Acoustic of the Society of American, 2000,
107(6): 3148-3165.

[6] Swift G W. Thermoacoustics: A unifying perspective for some engines
and refrigerators[J]. Journal of Acoustic of the Society of American,
2003, 113(5): 2379-2381.



55 29 ) [ RS -

ERIT PR IAE ds B ARUE NIRRT T 27

(71 BEFIWT, PhoRB], wkak, &, KA D) R BHLRIBIT ] 4

ARG G RFPLMEERID]. R TR, 2003, (9),
1-7.
Qiu Liming, Sun Daming, Zhang Wu, etal. Study of a large-scale
multi-function thermoacoustic heat engine with high efficiency: Part
1. design and construction of the engine[J]. Cryogenics, 2003, (9):
1-7(in Chinese).

(8] iAW, sKul, FhRWI, 2. KAZ D) RBIHLRIBTE AT

A B A A RSN SRR [T]. R AR, 2003,
(3): 1-6.
Qiu Limin, Zhang Wu, Sun Daming, etal. Study of a large-scale
multi-function thermoacoustic heat engine with high efficiency Part
11. preliminary experiments on the engine[J]. Cryogenics, 2003, (3):
1-6(in Chinese).

[0 ¥4, ®IUL, M, & RAHIC SRS I 5 R AR TS
RHPLA]. FR2#EIR, 2005, 50(3): 605-607.

Luo Ercang, Ling Hong, Dai Wei, et al. A high pressure-ratio, energy-
focused thermoacoustic heat engine with a tapered resonator
[J]. Chinese Science Bulletin, 2005, 50(3): 605-607(in Chinese).

[10] #ASIE, 2 4. ARLiEHGE IR IAT L], (KRS BT,
2005, 33(3): 11-16.

Hu Jianying, Luo Ercang. Advances in the research of nonlinear
thermoacoustic theory[J]. Cryogenies and Superconductivity, 2005,
33(3): 11-16(in Chinese)

[11] Chatterjee P, Vandsburger U, Saunders W R, etal. On the spectral
characteristics of a self-excited rijke tube combustor: numerical
simulation and experimental measurements[J]. Journal of Sound and
Vibration, 2005, 283(3): 573-588.

[12] Annaswamy A M, Rumsey J W, Rrasanth R. Thermoacoustic
instability: model-based optimal control designs and experimental
validation[J]. |EEE Transactions on Control Systems Technology,
2000, 8(6): 905-918.

[13] Campos-Delgado D U, Zhou K, Allgood D, etal. Active control of
combustion instabilities using model-based controllers[J]. Combus-
tion Science and Technology, 2003, 175(1): 27-53.

[14] Lawn C J, Evesque S, Polifke W. A model for the thermoacoustic
response of a premixed swirl burner, part 1: acoustic aspects
[J]. Combustion Science and Technology, 2004, 176(88): 1331-1358.

[15] Nord L. A thermoacoustic characterization of a rijke-type tube
combustor[M]. Virginia Polytechnic Institute and State University,
Blacksburg, Virginia, 2000.

[16] #i&, ¥WHKIE. Rijke A ALMEARE B R FEMBIEL].
2224, 1996, 21(4): 362-367.

Han Fei, Sha Jiazheng. Study on nonlinear increasing procedure of
Rijke thermoacoustical instability[J]. Acta Acustica, 1996, 21(4):

362-367(in Chinese).

[17] #%, EEA& WERIE. Rijke #UERGMARLIERN]. EEY
R, 1997, 22(3): 249-254.
Han Fei, Yue Guosen, Sha Jiazheng. Nonlinear effect of Rijke
thermoacoustic oscillation[J]. Acta Acustica, 1997, 22(3): 249-254(in
Chinese).

[18] sk, xI70, FEWIE. Rijke BHSLIGHIFURBLIS/MHT[I]. TR
P AEIR, 2001, 22(6): 706-708.
Zhu Yongbo, Liu Ke, Cheng Mingkun. Experimental investigation
and theoretical analysis on Rijke tube[J]. Journal of Engineering
Thermophysics, 2001, 22(6): 706-708(in Chinese).

[19] MRegi%E, WRAM, 60 DS, Rijke-zt BUBKBhRRLESS 1SR HER T
[3]. H%%4R, 2004, 29(6): 521-524.
Chen Fulian, Chen Xiang, Bao Weibing. Investigation on frequency
response of Rijke-ZT type vallveless self-exciting combustors[J]. Acta
Acustica, 2004, 29(6): 521-524(in Chinese).

[20] fEE, fikaH, JHIBRZE, 45, Bkl Rijke FAKERE EAFIEIHTL].
KRR, 2000, 6(2): 175-178.
Ren Jianxing, Xiong Qiang, Tang Xiaojun, etal. Analysis and study
on the character of a new-type Rijke tube combustor[J]. Journal of
Combustion and Technology, 2000, 6(2): 175-178(in Chinese).

[21] xU4kF, FEA, R, . G5 BEEUE BT R YR G T
[0]. TREAYFEZIR, 2006, 27(4): 658-660.
Liu Jiping, Zhou Zhijie, Zhong Daotong, et al. Numerical oscillatory
on the simulation of thermoacoustic waves[J]. Journal of Engineering
Thermophysics, 2006, 27(4): 658-660(in Chinese).

[22] Kinsler. Fundamentals of acoustics{M]. Third Edition. New York:
John Wiley & Sonn Inc., 1982.

[23] Shalaby H, Thévenin D, Laverdant A. Using DNS to investigate
flame/acoustic interaction[C]. Euromech colloquium 467: turbulent
flow and noise generation, Marseille, France, 2005.

ks HEA: 2007-04-20.

EE RN

Z4=[HRE(1981—), T, M LwFTAE, ETMFMPaL R AR TR
HIBEST, guonengli@zju.edu.cn;

o R1973—), U, i, EZNFHEINOJSRPEEAR .. THELHiA
JiEAETTIMEST,  zhouhao@cmee.zju.edu.cn;

JuitHE(1983—), Z, WA, ETMNFMPaL R AR TR
PRI

A R[V4(1935—), Y5, TRERERE L, TN REYR PR AU 1 BT

N
7,

(g F12%)



