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Abstract

The first part of the thesis focuses on developing a numerical methodology
to simulate the acoustic properties of a hybrid liner consisting of a perforated
plate, a porous layer and a Helmholtz cavity. Liners are always a standard
way to reduce noise in today’s aeroengines, e.g. the fan noise can be reduced
effectively through the installation of acoustic liners as wall treatments in the
ducts. In order to optimize a liner in the design phase, an accurate and efficient
prediction tool is of interests. Hence, a unified Linearized Navier-Stokes
equations(LNSE) approach has been implemented in the thesis, combining
the LNSE in frequency domain with the fluid equivalent model. The LNSE is
applied in the vicinity of the perforated plate to simulate sound propagation
including viscous damping effect, and the fluid equivalent model is used to
model the sound propagation in the porous material including absorption.

The second part of the thesis focuses on the prediction of thermoacoustic
instabilities. Thermoacoustic instabilities arise when positive coupling
occurs between the flame and the acoustics in the feedback loop, i.e. the
flame acts as an amplifier of the disturbances (acoustic or fluid) at a natural
frequency of the combustion system. Once the thermoacoustic instabilities
occur, it will lead to extremely high noise levels within a relatively narrow
frequency range, resulting in a huge damage to the structure of the combustors.
Hence, a solution must be found, which breaks the link between the
combustion process and the structural acoustics. The numerical prediction
of thermoacoustic instabilities in the thesis is performed by two different
numerical methodologies. One solves the Helmholtz equation in combination
of the flame n − tau model with the low Mach number assumptions, and the
other solves the Linearized Navier-Stokes equations in frequency domain with
mean flow. The result show that the mean flow has a significant effect on the
thermoacoustic instabilities, which is non-negligible when the Mach number
reaches to 0.15.
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