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Description

In the work presented, a detailed aerodynamic analysis of an aero engine centrifugal compressor is given. Steady and unsteady 3D-RANS simulations as well as extensive experimental data are used for the analysis. The compressor investigated contains a close-coupled pipe-diffuser. A radial-axial deswirler guides the air into the combustion chamber.



The investigation presented gives a detailed insight in the loss mechanisms as well as their origin within the centrifugal compressor. In the past, the aerodynamic loss mechanisms within the centrifugal compressor have been discussed on a phenomenological basis. Within this work, the loss mechanisms are identified by analyzing the irreversible entropy production. The single loss mechanisms are quantified, enabling consolidated statements on the potential improvement as well as on the approach on how to reduce the losses induced.



An investigation of four different diffuser concepts is given, representing the time-wise evolution of the diffusion system towards a higher efficiency, increased stall margin and smaller outer diameter. Within the original diffusion system, a flow separation within the pipe-diffuser results in a thick shear layer with a high level of entropy production. By truncating the pipe diffuser, the large flow separation is prevented. The original downstream deswirler is not matched with the truncated pipe-diffuser's discharge flow. In order to increase the compressor’s efficiency, two 3D deswirler designs using a single row and tandem rows respectively, are compared.
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