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Effects of gas nozzle and resonators on acoustic characteristics

of combustion chamber

CAO Chen', TAN Yonghua®, CHEN Jianhua', LI Longfei'

(1. Science and Technology on Liquid Rocket Engine Laboratory,
Xi’an Aerospace Propulsion Institute,
China Aerospace Sicence and Technology Corporation, Xi’an 710100, China;
2. Academy of Aerospace Propulsion Technology,
China Aerospace Sicence and Technology Corporation, Xi'an 710100, China)

Abstract: In order to obtain the influence of gas-liquid nozzle and acoustic resonators on
the acoustic characteristies of combustion chamber and explain the mechanism of tangential
frequency differentiation in acoustic experiments, a model combustion chamber with cylindri-
cal tubes was investigated by acoustic finite element method (FEM). The analysis results
were verified by the experiment of a single injector chamber. On this basis, the influence
rules of gas nozzle, orifice and resonators on acoustic frequency were established in terms of
the frequency and sound pressure distribution. The phenomenon of frequency differentiation
was explained by the sound pressure distribution results. Results showed that the energy of
tangential mode transferred into the gas nozzle and changed the original mode of combustion
chamber, when the frequency of first order longitudinal mode of gas nozzle or resonator was

equal to that of the tangential mode of combustor, and the phenomenon of frequency differ-
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entiation in tangential modes emerged in acoustic experiments. The coupling relationship be-

tween gas nozzle length and diameter of orifice was discovered, enabling to make combinato-

rial parameter optimization during rocket engine design.

Key words:

frequency differentiation
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Table 1 Frequency of acoustic modes with different

mesh sizes
Wi/ Hz
fir 2 MRS MRS BRE/N
25 mm 30 mm
1L 783.59 783.59 0
1T1 1326. 2 1326.4 0.015
1T2 1332.1 1332.2 0.0075

1 Model combustor; 2 Cover plate; 3 Bottom plate;
4 Speaker; 5 Injector; 6 Signal generator;
7.8,9 Acoustic probe; 10 Charge amplifier;
11 Spectrum analyzer.

Pl 4 RLIBTIE PR A R S 0 R SR

Fig.4 Single injector acoustic experimental system

x2 EFWIEIHSHE
Table 2 Acoustic experiment parameters of combustion

chamber with single resonator

2.2 FERRKEMBREERFHENRZM
BT AT DUET X P I BE AT W 5 PR IR
be s i A FAETE . LTS B 3k 4 s
A BROCEE RN 5 B
R4 FREEBEFESHE
Table 4 Simulition parameters of combustion chamber

with single resonator

#RpeE 42 R./mm 20

P EK B H./mm 10
P o/ (m/s) 1169.3
AERE L/mm 2~26

7 B A% d/mm 2

28 R B

#RBE % H AR/ mm 150
#RbE % K /mm 220
P/ (m/s) 340

Mt I < B/ mm 120
M5 I 38 3 1542 /mm 10

R3 FEFESIRERIL
Table 3 Comparison of simulation results and

experiment results

A FEMR/Hz SRR/ Hz  RE/ %
1T1 1326. 2 1311 1.16
1T2 1332.1 1378 —3.3

Hi 3 HT R TR 2 A BROG 7 B E A
AR BE 2 1 B U 1) R 5 S0 00 45 2R e KRR 22
3. 300 UE M T IR BB FL 7 1 A S RS

Bl 5 RBE T A I A FROC S

Fig.5 Finite element model of combustion chamber

with single resonator
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Fig. 6 Sound pressure contour of first three order tangential modes with single resonator
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Fig. 9 Sound pressure contour of 3T1 mode with different resonators length
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Fig. 10 Sound pressure contour of first three tangential modes with single injector
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