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Introduction

A modification of a thermoacoustic experimental setup is performed to obtain traveling
wave conditions. The setup has been used previously at the University of Twente to conduct
experiments in a standing wave environment. One method to obtain a traveling wave inside
the setup is to use a sound absorbing device. Two classes of sound absorbing structures can
be distinguished: porous materials and resonance absorbers [4]. A traveling wave
termination in the form of a resonance absorber was designed and tested.

Method

The experimental setup is depicted in Figure 1. For a detailed description, readers are
referred to [1, 5]. The termination of the main impedance tube can be removed, thus a
traveling wave termination can be attached to the end of the setup at x = 0. The termination is
made of a quarter-wavelength tube with a diameter such that the wave is dissipated.
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Figure 1: Experimental setup with attached traveling wave termination. P1 — P4 represents the location of pressure sensors.
Figure not to scale.

The idea of adding a traveling wave termination is to cancel the reflections at the end of the
setup. When an incoming wave f(x,t) is generated from the loudspeaker, it will be reflected at
the end of the setup (wave g:(x,t)). The incoming wave f(x,t) will also be reflected by the end
wall of the traveling wave termination (wave gi(x,t)). Wave g(x,t) should have equal
amplitude but 180° phase difference to gi(x,t) such that all reflected waves cancel each other
atx =0.

To model the wave propagation inside the impedance tube and the traveling wave
termination, a one dimensional Low Reduced Frequency Model [3] is used. From the
solution of the Low Reduced Frequency Model, the reflection coefficient and subsequently,
absorption coefficient can be obtained as follows,
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where p, and pp are the complex pressure amplitudes of the backward and forward
propagating wave, respectively.

Results

The one dimensional model was used to obtain the relation between tube radius, tube length,
absorption coefficient, and frequency. For each tube radius, there is one frequency and tube
length that correspond to the theoretical 100% absorption. The manufactured tube has an
inner radius of 5.985 mm and length of 73.7 cm. According to the model, it has a theoretical
absorption coefficient of 100% at a frequency of 113 Hz.

Once the traveling wave termination was built, two sets of experiments were conducted: (1) a

frequency sweep at pressure amplitude of 100 Pa and (2) a pressure amplitude sweep at 113
Hz. The results are presented in Figure 2.
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Figure 2: Experimental results of frequency sweep at P2 = 100 Pa (left) and pressure amplitude sweep at 113 Hz (right).
Error bars represent standard deviation within one measurement point.

The traveling wave termination works well at low amplitudes and at the predicted
frequency. At higher pressure amplitude, the reflection coefficient increases nonlinearly.
Possible causes for this phenomenon are tube imperfection or nonlinear effects [1, 2] that
occur at high pressure amplitude or due to flow disruption at x = 0.

Conclusions

A standing wave thermoacoustic setup is converted into a traveling wave setup by using a
traveling wave termination. The termination works best at 113 Hz with absorption of 99.9%.
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