Contents

1 Introduction
1.1 Introduction. .. .. ... ...
1.2 State of theart . . .. ... ..
1.3 Objectives . . . . . .. .. ...
1.4 Methodology . ... ......
1.5 Thesis outline . . . . . .. ...
2 Literature review
2.1 Imtroduction. .. ... .. ...
2.2 Measurements of radial compressor noise signature
2.3 Numerical study of the flow field
2.4 Noise source analysis . . . . . .
2.5 Impact of inlet duct geometries
2.6 Conclusions . . ... ... ...
3 Computational models
3.1 Imtroduction. . ... ... ...
3.2 Studied configurations . . . . .
3.2.1 Compressors . .. ...
3.2.2 Inlet geometries. . . . .
3.2.3 Operating conditions . .
3.3 Numerical model . . . . .. ..
3.3.1 Numerical method . . .
3.3.2 Domain discretization .
3.3.3 Boundary conditions . .
4 Experimental validation
4.1 Introduction. . ... .. .. ..
4.2 Validation of compressor cl . .
4.2.1 Experimental setup . . .
4.2.2 Numerical setup . . . .
4.2.3 Operation variables . .
4.2.4  Acoustic validation . . .
4.3 Validation of compressor c2 . .

XV

N O O N =

10
14
16
18
21

23
24
24
24
25
28
30
30
35
40



4.3.1 Experimental setup. . . . . . .. ...
4.3.2 Numerical setup . . . . . . . .. ... L
4.3.3 Operation variables . . . ... ... ... .........
4.3.4 Acoustic validation . . . . . ... ... ... L.
4.3.5 Aeroacoustic analogy . . . . . . .. ...
4.3.6 Local flow field validation . . . . ... ... ... .....
4.4 Conclusions . . . . . . . . .. . e

Frequency analysis of the flow field

5.1 Imtroduction. . . . . . .. . .. .o
5.2 Flow field modal decomposition . . . . . . ... ... ... ....
5.2.1 Introduction . .. .. ... .. ... .. ... .. ...,
5.2.2  Analytical spinning modes . . . . . . ... ... ...
5.2.3 Dynamic Mode Decomposition . . .. ... ... .. ...
5.2.4 Implementation . . . . . .. .. ..o
5.2.5  Visualization of the DMD modes . . . . . ... ... ...
5.3 Spectral and modal analysis . . . . . ... ... L.
53.1 clbep . . ...
5.3.2 clmsg . . ...
533 c2rsd . ...
5.3.4  C2MSZ . ...
5.4 DMD analysis of the impeller flow field. . . . . . ... ... ...
5.5 Conclusions . . . . . . . ...
Study of the noise-generating flow structures
6.1 Introduction . . . . . . . . . . . .. ...
6.2 Inducer mean flow field of compressorcl . . . . . . ... .. ...
6.2.1 Straight inlet duct . . . . . .. ... oL
6.2.2 Elbow inlet duct . . . ... ... ...
6.3 Inducer mean flow field of compressor c2 . . . . . ... ... ...
6.3.1 Straight inlet duct . . . . . ... ... ... L.
6.3.2 Elbow inlet duct . . . . . .. ... ... ...
6.4 Impeller mean flow field . . . ... .. ... ... ..., ...
6.5 Diffuser mean flow field . . . .. ... ... ... ...
6.6 Unsteady flow structures . . . . . .. ... ... ... ...
6.6.1 Literaturereview . . . . . . . . .. .. ... ... ... ..
6.6.2 Unsteady flow structures in compressors ¢l and ¢2 . . . .
6.7 Conclusions . . . . . . . ...
Conclusions and future works
7.1 Introduction . . . . . . . . . . .. . ...
7.2 Conclusions . . . . .. ...
7.2.1 Methodology . . . ... .. ... ... .
722 Results . ... ... .o
7.3 Futureworks . . . . . . .. ...

Xvi



