Contents

Nomenclature \%
Abstract XV
Kurzfassung XVII
1 Introduction 1
1.1 Stateoftheart . . . . . . . . . . . .. 2
1.1.1  Sound emission of axial fans under inflow distortions . . . . . . 2

1.1.2  Impact of fan blade skew on the sound emission . . . . . . ... 4

113 Sound reduction by leading edge modifications . . . . . .. .. 6

1.2 Motivationforthethesis . . . . .. ... .. ... ... ... ..... 9

1.3 Structureofthethesis . . .. ... ... .. ... ... .. . ..., 10

2 Fundamentals of fluid mechanics 11
2.1 Basicequations of fluid mechanics . . . . .. ... o0 1
2.2 Basic equations of aeroacoustics . . . . ... .o e e 20

3 Fundamentals of turbomachinery 27
31 Basicequations of turbomachinery . . . . ... ... 28

3.2 Fanbladeskew . . . . . . .. . ... 38

33 Fanacoustics . . . . . . . . e e e e 41
3.3.1 Sound generation mechanisms forairfoils . . . ... ... ... 41

3.3.2  Sound generation mechanisms for low-pressure axial fans 44

4 Axial fan design 49
41 Designmethodology . . . ... ........ .. .. .. ... ..., 49
4.2 Investigated low-pressure axial fans . . .. 60

S Experimental setup and measurement methods 71
S.1 Axialfantestchamber . . ... ... ... .. .. .. .. ... ..., 71

5.2 Generation of inflow distortions . . . . . ... ... ... ... .... 74

I

Bibliografische Informationen
http://d-nb.info/1155496477 digitalisiert durch



http://d-nb.info/1155496477

5.3 Sound field characterisation . . . . . ... .. ... ... . ... ...

5.4 Soundsourcelocalisation. . . . . ... ... ... ... . ... ... .
5.4.0 Beamforming . . .. ... ...... ... .. ... .. ...
5.4.2 Microphonearraysetup . . . ... ... L

5.5 Flow field characterisation . . . . ... ... ... ...........
5.5.1 Velocity measurements . . . . . ... ...
5.5.2 Wall pressure fluctuations . . . . .. ... L

Inflow properties

6.1 Freeinflowconditions . . . . .. .. ... ... ... ...

Characteristic curves
7.1 Characteristic curves under free inflow conditions . . . . ... ... ..
7.2 Characteristic curves under distorted inflow conditions . . . . ... ..

Sound emission under free inflow conditions

81 Soundfield . . .. ... ... ... ...
8.1.1  Averaged sound pressurespectra . . . . .. ... ... ...
812 Soundmaps . ... ..... ... ..
8.13 Integrated sound pressurespectra . . . . ... ... ... ..

8.2 Interrelations berween the sound field and theflowfield . . . . . . . ..
8.2.1 Wall pressure fluctuations . . . . . ... ... L.
8.2.2  Velocity distribution on the suction side and pressure side . . . .

Sound emission under distorted inflow conditions

91 Soundfield . . . . ... ... . ...
9.1.1  Averaged sound pressurespectra . . . . .. .. ... ...
912 Soundmaps .. ... .. ... ... oo
9.1.3  Integrated sound pressure spectra . . . . . ... ... ... ..

9.2 Interrelations between the sound field and wall pressure fluctuations

10 Sound reduction by leading edge modifications

10.1 Simplified fan and leading edge modifications . . . . . . ... ... ..
10.2 Impact of leading edge serrations on the characteristic curves . . . . . .
10.3 Impact of leading edge serrations on the acoustic properties . . . . . . .

11 Summary and outlook

II

103
103
105

111
111
114

153
154
156
160

165



Bibliography

Appendices

A

B

Fan blade skew angle conversion
Fan design parameters

Supplementary plots: Characteristic curves

C.1 Characreristic curves under free inflow conditions . . . . ... ... ..

C.2 Characteristic curves under distorted inflow conditions . . . . . .. ..
C.2.1 Evaluation and correction of grid-induced pressure losses
C.2.2 Characteristic curves: Grids TGl, TG2and VG1 . . . . . .. ..
C.2.3 Characteristic curves: Grids TG3and VG2 . . . . . . ... ...

Supplementary plots: Free inflow conditions

D.d Soundfield . . . . . ...
D.1.1 Averaged sound pressurespectra . . . . . .. .. ... ..
D12 Soundmaps . .. .. ... .. ... ..
D.1.3 Integrated sound pressurespectra . . . . . . .. .. ... ...

D.2 Interrelations between the sound field and the flow field . . . . . . . ..
D.2.1 Wall pressure fluctuations . . . . .. ...
D.2.2 Velocity distribution on the suction side and pressure side . . . .

Supplementary plots: Distorted inflow conditions with grids TG3 and VG2
El Soundfield . . ... ... ... . . ... ..
Ell Averaged sound pressurespectra . . . . . ... ... ......
El2 Soundmaps . ..........................
El3 Integrated sound pressurespectra . . . . ... ... ... ...
E2 Interrelations between the sound field and wall pressure fluctuations

Supplementary plots: Distorted inflow conditions with grids TG1, TG2
and VGl1

F.1 Inflow conditions at the design volume flowrate . . . . . ... ... ..
F.2 Averaged sound pressurespectra . . . . . . ... ... . L.

171

189

191

193

205
205
207
207
209
209

217
217
217
218
218
219
219
220

229
229
229
233
241
243

11



