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Methodology
• Experimental Approach
Host institution

Determination of the non-linear acoustic properties in terms of the non-linear
scattering matrix of perforates in an impedance tube where the sample is placed in
a holder in the middle of the duct.
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Perforate plates are in some applications used to absorb sound. They consist of
plates, with small hole diameters in the order of a millimeter and with a low porosity.
This material appears in many technical applications, e.g. automotive mufflers, and
aircraft engine liners.
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Fig. 3 Schematic of the setup.

Non-linear scattering matrix model
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Fig.1 Schematic of samples and applications.

The noise reduction of the perforated plate can be influenced by the mean flow and
temperature field as well as high acoustic excitation levels. If the acoustic
excitation is random or periodic with multiple harmonics the acoustic properties at
a certain frequency will depend also on the excitation level at other frequencies.
Studying this harmonic interaction with the purpose to increase the physical
understanding and to develop a model including these effects is the idea of this
project.
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• Analysis
Comparison between the result of non-linear scattering matrix studies using tonal,
multi tone and broadband excitation.

Main objective of the present study
• To study the non-linearity phenomenon at the perforated plate which is
associated with large particle velocities.
• To directly be able to extract the non-linear acoustic properties including
harmonic interaction from a limited set of experiments using either random
or periodic excitations.
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Result and Further Development
Result

•

Scattering coefficient between incident wave excitation and three times of that for
tonal excitation with different frequencies and varying levels of excitation
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Fig. 2 Schematic of perforated plates.

Previous studies for tonal excitations has been made [1-3]. A preliminary study using
band-limited broadband random excitation for different levels of excitations showed
that it is potentially promising to find a method for determination of non-linear
scattering matrix data [4].
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The quantities that characterize the sample impedance are pressure difference
over the sample and particle velocity through the sample. In the linear case the
impedance is independent of the excitation level but when the sound pressure level
is high the perforate impedance is dependent on the acoustic particle velocity in
the holes. Semi-empirical models indicate that the sample impedance is
proportional to the peak particle velocity through the sample in the non-linear
regime.
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Fig. 4 Scattering matrix element S3f,1f for model.

• Further development
•
•
•
•
•

Perform experiments using tonal, multi ton and random excitation
Analyze phase relation between harmonics for different types of excitation
Analyze the Reflection factor, Transmission, and Absorption factor
Compare non-linear scattering matrix results obtained using tonal, multi tone and
broadband excitation
Analyze data using other non-linear system identification techniques
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