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In-duct circumferential acoustic mode measurement of

axial fan/compressor
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Abstract .~ In-duct circumferential acoustic-mode of asingle stage fan was measured using
equidistant microphone array with high back ground noise and high rigid wall reflection. Pri-
mary circumferential acoustic, mode amplitude was obtained by utilizing the cross-correlated
(CC) reference channel mode detection technique and the conventional root mean square-av-
eraging (RMS) mode detection technique. The results were compared with Tyler and
Sofrin’s duct mode théory, finding that both CC mode detection technique and RMS mode
detection technique can obtain the ideal mode detection results with high back ground noise
and high rigid wall reflection, and the mode amplitude of the former was lower than that of
the latter. This is because CC mode detection technique decreases the impact of random noise
on the mode amplitude. It is also found that the error of mode amplitude from CC mode de-
tection technique is lower than 1 dB when the number of microphone in the circular micro-

phone array is more than four times of the circumferential acoustic mode order.
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Table 2 Primary mode amplitude of noise at 90 % design rotating speed (unit:dB)
LA
—6 —5 —4 —3 —2 —1 0 1 2 3 4 5 6
cC 87.0 82.7 82.5 87.2 94.3 96.1 92.9 111.3 103.6 91.2 87.1 97.1 78.7
1 BPF
RMS 87.2 83.0 83.0 87.3 95.6 96.9 93.1 111.6 104.1 91.6 87.5 97.3 79.1
CC 87.5 81.3 96.9 82.8 90.2 90.0 92.5 83.4 107.5 86.5 96.8 100.8 97.3
2 BPF
RMS 87.8 83.0 97.0 82.9 90.3 90.0 92.6 83.8 107.6 87.0 96.9 100.9 97.3
CcC 90.8 91.2 78.2 82.5 84.6 86.5 83.3 87.7 90.4 103.6 93.1 92.1 80.3
3BPF
RMS 90.8 91.2 78.2 82.6 84.7 86.5 83.4 87.8 90.4 103.7 93.2 92.2 80.9
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Table 3 Primary mode amplitude of noise at 70% design rotating speed (unit;dB)
" BB
—6 —5 —4 —3 —2 —1 0 1 2 3 4 5 6
CC 88.9 79.5 83.1 87.7 9.6 91.7 97.5 112.8 98.4 91.4 86.3 88.0 83.3
1BPF
RMS 89.1 79.8 83.4 88.2 91.9 92.0 97.9 113.0 98.6 91.8 86.5 88.2 83.5
CC 79.0 79.0 88.0 78.6 81.3 88.3 82.0 73.7 103.9 96.4 96.7 87.2 68.5
2BPF
RMS 79.0 80.6 90.1 79.1 81.5 88.3 82.0 74.6 103.9 96.5 96.7 87.2 69.3
CC 85.8 8.2 83.4 87.2 83.5 8.6 8.6 79.0 74.5 97.4 81l.4 77.8 8l.9
3BPF
RMS 85.9 85.2 83.5 87.2 83.5 8.6 86.3 79.4 74.8 97.5 81.7 78.3 82.0
R4 60%EITHETEERSESIRIG ($L4L:dB)
Table 4 Primary mode amplitude of noise at 60% design rotating speed (unit;dB)
N B
A
—6 -5 —4 —3 —2 —1 0 1 2 3 4 5 6
CC 90.6 77.1 85.3 90.1 92.0 97.2 100.5 1473 198.6 92.4 8977 88.3 87.1
1 BPF
RMS 90.6 77.1 85.3 90.1 92.0 97.3 100.5-114.3 98.6 ' 92.4 \ 897 88.3 87.1
cC  74.0 73.3 78.3 84.8 77.5 83.1 87,8 8478 99.9. 90.8 75.8 76.3 74.7
2 BPF
RMS 75.6 74.8 79.3 856 782_ 84.6_89.1 85-7-101.1 ) 92,0 ~76.7 77.6 75.9
CC 73.2 747 _75.6 68.1 693 70.156.1 70.5° 73.2 87.3 68.0 82.0 80.6
3BPF
RMS 74.9 74,8 \75.7 +68.4 69.1% 70.2 59.7 710 73.8 87.6 70.3 82.2 80.8
R 5\ 50%i%HEET F EREESIRIG ($£4:dB)
Table 5\ Primary mode amplitude-of noise at 50% design rotating speed (unit:dB)
R A
B
—6 —5 —4 —3 —2 —1 1 2 3 4 5 6
CC 87.5 8.3 81.9 8.9 89.8 91.9 96.7 111.7 96.3 90.3 87.2 86.8 81.8
1 BPF
RMS 87.5 80.3 82.0 89.0 89.9 92.1 96.7 111.7 96.3 90.3 87.2 86.9 81.9
CC 72.9 78.3 68.7 83.1 85.5 85.2 81.6 86.8 99.6 85.6 70.6 78.4 76.1
2BPF
RMS 72.9 78.4 68.8 83.1 85.6 95.3 81.6 86.9 99.7 85.7 70.9 78.4 76.1
CC 59.8 65.0 79.2 72.9 70.6 71.8 67.6 72.8 80.0 89.3 66.6 68.0 66.6
3BPF
RMS 60.0 65.4 79.4 73.0 70.7 71.9 67.7 72.9 80.0 89.3 71.1 68.0 66.6
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Table 6 Symbol of microphone array

W51 2 155 TS o0 A A FH 19 22 38 KU 5
M16 Mic # 1~Mic # 16
Mic# 1,Mic# 3,Mic#5,Mic#7,
MSA

Mic# 9,Mic# 11,Mic# 13,Mic# 15
Mic # 2,Mic# 4,Mic# 6,Mic# 8,

M8B

Mic# 10, Mic# 12, Mic# 14, Mic# 16
M4A Mic# 1,Mic#5,Mic# 9,Mic# 13
M4B Mic# 2, Mic# 6, Mic# 10, Mic # 14
M4C Mic# 3,Mic# 7,Mic# 11,Mic# 15
M4D Mic # 4, Mic £8Mic #12,Mic # 16

K7 ARAEBERXFEFIIRSH 1BPF TH 1 M E RS ESIRIE (846 :dB)

Table 7 1-order circumferential acoustic mode amplitude at 1 BPE-obtained using different microphone arrays (unit:dB)

AHXTEE /Y% ML6 MSA MS8B M4A M4B M4C M4D
100 118.9 119.3/0. 4 118.7/—0.2 120. 0.1 17.8/51.1) 118.97—0.0  119.2/0.3
90 111. 3 111.6/0.3 110:9/—0. 4-110.9/—0-4—_110-0/— 13 110.9/—0.4  111.8/0.5
80 115.2 11554/0.'2 114:9/—0.3 14, 7/—0-5—114.4/—0.8  114.4/—0.8  115.4/0.2
70 112.8 113. 0Y0. 2 112.6/—0.2 —112.2/<0.6 112.0/—0.8 112.2/—0.6  113.2/0.4
60 114.3 114.5/0. 2 114.0/—0.3- 113.8/—0.5 113.3/—1.0 113.8/—0.5 114.6/0.3
50 111.7 112.0/0. 3 11+4/—0.3 111.1/—0.6 110.6/—1.1 111.1/—0.6 112.1/0.4
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Table 8 2-order circumferential acoustic mode amplitude
at 2 BPF obtained using different

microphone arrays (unit:dB)

X/ % M16 MSA M8B
100 109.0 110.0/1.0 108.0/—1.0
90 107.5 108.0/0.5  107.1/—0.4
80 109. 0 109.8/0.8  108.3/—0.7
70 103.9 104.2/0.3  103.7/—0.2
60 99.9 100.3/0.4  99.5/—0. 4
50 99. 6 100.0/0.4  99.2/—0.4
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Table 9 3-order circumferential acoustic mode amplitude
at 3 BPF obtained using different

microphone arrays (unit:dB)

X EE /% M16 MSA MS8B
100 103.5 104.2/ 0.7  102.8/—0.7
90 103.6 105.5/1.9  101.3/—2.3
80 99. 8 101.0/1. 2 98.5/—1.3
70 97. 4 96.0/—1.4 98.9/1.5
60 87.7 89.2/1.5 85.7/—2.0
50 89.3 89.6/0.3 89.0/—0.3
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