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Abstract

During the aero-engine operation, the intense combustion happens inside the combustion cham-
ber and the thermo-acoustics-vibration interaction exists unavoidably. The operating environ-
mental under high temperature, high pressure and high acoustical level has a great influence on
the fatigue life of the structure and the normal operation of the aero-engine. Simulation analysis of
the thermo-acoustics-vibration of combustion chamber was done through one-way coupling by
ANSYS-WORKBENCH software. At first the combustion computing was done in FLUENT module in
order to obtain the data of temperature and pressure fields. Then the temperature distribution on the
structure through steady thermal analysis module was obtained to feed into the pre-stress structure.
Modal parameters including eight modal frequencies and eight mode shapes were identified both by
one-way thermo-acoustics-vibration coupling and thermo-vibration coupling. The results show that
bending and torsional modes appear at lower frequencies earlier, and the cavity modes appear at
higher frequencies. In addition, modal frequencies from one-way thermo-acoustics-vibration coupling
are lower than those from uncoupling.
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Figure 1. Model of combustion chamber structure
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Figure 2. Structure of methane and air mixing
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Figure 3. FEM grids of combustion chamber
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Figure 4. FEM grids of fluid field
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Table 1. Flow parameters of methane and air inlets under power 60 KW and equivalence ratio 0.6

1. ThE 60 KW HELt 0.6 HEREMSSHEORESH

L (g/5) JE R AAFAS B (mol/L) RBLR R (L/s)

1.0783 24.5 1.6512

26.2542 245 22.1803
o1 lg.sOe.m
9. Ol)e 01 9.00e-01
8.50e-01 8.50e-01
8.00e-01 8.00e-01
7.50e-01 7.50e-01
7.00e-01 7.00e-01
6.50e-01 6.50e-01
6.00e-01 6.00e-01
5.50e-01 5.50e-01
5.00e-01 5.00e-01
4.50e-01 4.50e-01
4.00e-01 4.00e-01
3.50e-01 3.50e-01
3.00e-01 3.00e-01
2.50e-01 2.50e-01
2.00e-01 2.00e-01

1.50e-01
1.00e-01
5.00e-02
0.00e+00

5.00e-02
0.00e+00

(a) t = 1.0000e-04s (b) t = 4.5900e-03s
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Figure 5. Change of methane mass percentage with time
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Figure 6. Contour of total temperature
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Figure 7. Contour of total pressure
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Figure 8. Contour of acoustic strength
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Figure 9. Change of young’s modulus of stainless steel 310S with temperature
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Figure 11. The first 8 mode shapes of combustion chamber (left: thermos-acoustic-vibration; right:
thermos-vibration)
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Table 2. System resulting data of standard experiment
2. BEA-E-RBA TR IRIEE TR E SRR L

FEAS A2 (Hz) 1S i JEiikae 2025 it 3B i 21 2 E1Y 2 JE 28 2 JE 3B
H-FEIREA 203.32 334.52 386.93 4243 452.89 481.1 493.59 514.92

AR S 213.27 337.52 407.01 434.1 462.27 498.23 5112 536.83
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