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Fig.1 Simulated tonal sound field without noise
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Fig.2 Simulated tonal sound field with noise level
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Table 1 Sub-sampled microphone schemes for mode

reconstruction
i R I %8 WA
A #18,#22,#38,#39,#40,#44 ,#46,#47 ,#58 ,#60
B #3,H6 ,#T ,#11,#12,#24 , 431 ,#41,#47,#51
C #9,#10,#12,#13,#14,#22 ,#36,#54,#62 ,#63

=R TR B I A SR T ST B LR S A A
AN 3R, al UL i A BB A 7 i AR L,
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Fig. 3 Mode reconstruction results, using simulated data

Table 2 Mode reconstruction results under three sensor

schemes
A Jey J5 % AR R AE,/dB AE_,,/dB

L, 1.74 5.31
A L, 0.21 1.19
USM 0.01 1.86
L, 2.38 14.87

B L., 0.51 -
USM 0.03 1.08
L, 0.95 0.73
o Ly, 0.27 1.19
USM 0.17 1.98
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AR S IR B K B .
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| B TR

[ L by

i ! s
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| turbine 11 — | : |

| | o]
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| |, |

1
| | |

_ 4 Lo e e e e ——— 4 _/_ |
Microphones

Fig. 4 Test system

Table 3 Number of blades and vanes in the aero-engine

compressor
Blade categories Number

IGV 17
First—stage rotor R1 22
First—stage stator S1 15
Second-stage rotor R2 34
Second —stage stator S2 62
Third-stage rotor R3 38
Third —stage stator S3 89

22 v DI 8 B J 1 45 e] B BE T T 32 4R I R
2 FLAL, 5 1) B A B2 11,257, 70 78 R WL
AbFE T A BRI R B B S TR S S
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Fig.5 An illustration of the measurement section
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Fig. 6 Extraction of the tonal noise
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Fig. 7 Mode spectrum obtained by FSA
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An unbiased sparse reconstruction method for duct
acoustic mode on aero-engine compressor
WEN Bi'*?, LI Zepeng"z, DU Jun®, WANG Yanan', LIU Yuanshi®, QIAO Baijie', CHEN Xuefeng'

(1. School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2. Taihang National Laboratory, Chengdu 610213, China;
3. AECC Sichuan Gas Turbine Establishment, Mianyang 621022, China)

Abstract: To overcome the difficulty of a large number of sensors required for a uniform circular array and

low accuracy of traditional sparse estimation methods when applying acoustic mode decomposition technology to

analyze the characteristics of intercepted acoustic modes within compressor ducts, this paper proposes an unbi-

ased sparse acoustic mode reconstruction method which solves for the support set of the acoustic mode solution

vector using L,—norm regularization and achieves unbiased estimation of modal amplitudes through least squares.

The superiority of the proposed method is validated through both simulation analysis and experimental research.

The results indicate that the unbiased sparse reconstruction method proposed in this paper significantly improves

the accuracy of acoustic mode reconstruction and demonstrates better robustness compared to classic sparse re-

construction method. Compared to the L, norm regularization method, the reconstruction accuracy of dominant

acoustic mode amplitude is improved by 1.74 dB, 2.36 dB and 0.78 dB under three different sensor layouts, re-

spectively. Compared to the L,,, norm regularization method, it has better robustness in order identification.

Key words: Compressor; Aeroacoustics; Duct acoustic mode; Acoustic array; Sparse reconstruction;

Regularization
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