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Abstract 
Some absorbing materials can behave differently under influence of flow and measurements need to be 
taken under these conditions. With traditional methods like the Kundt’s tube and the reverberant room it is 
not feasible to measure the sample reflection or absorption under these conditions. Instead the insertion 
loss can be measured in a duct, but this value can be different from the actual material transmission.   
Up to now there is no effective control during production of absorbing materials. With current methods it 
is only possible to make sample wise checks that do not give a direct response, are time consuming, costly 
and might not reflect the behavior of a larger batch. A real time measurement system is needed to ensure 
quality at a production line.   
In this report the pressure-velocity based free field impedance method is also used to measure moving 
acoustic absorbing materials and materials under influence of DC flow. 

1 Introduction 

Depending on the sample and it structure the absorbing properties might change under influence of flow. 
Modeling can be difficult and certainly needs to be supported by actual measurements. It is impossible to 
build a tube based on the method of Kundt that has a fully reflective endplate for sound but is able let 
through DC flow. To introduce flow in a reverberant room but not introduce noise would require a special 
anechoic wind tunnel and would be unpractical and very costly. 

There are different techniques available to test acoustic absorbing materials. Many times a combination of 
several methods is used to assess the behavior of a new material. But to test material consistency in a 
production line an in situ method is necessary. It is often not possible to make sample wise checks are 
frequently enough to guarantee product consistency. 

One special problem is the absorption measurements on roads after opening for traffic. The acoustic 
absorption coefficient is a measure for the road absorption, but also gives valuable information about the 
structure of the material and the degree of pollution after some time. After the road is opened for traffic it 
is very costly to close down the road for measurements. A technique is needed that is able to measure at 
high speeds (80km/h at highways) not to cause traffic congestion. 

This study gives the first results of the PU probe based free field surface impedance technique used under 
DC flow conditions and with moving samples to address the above mentioned problems. To calculate the 
material absorption and reflection coefficient the acoustic impedance is needed. Impedance is the ratio of 
pressure and velocity. Pressure can be measured with a microphone. The velocity can be calculated out of 
two microphone spaced at a certain distance, but can also be measured directly. This direct PU method 
makes use of a so-called Microflown particle velocity sensor, see Figure 1. 



 
Figure 1. PU free field impedance setup 

Many studies show this method is able to measure under all angles of incidence [1] and can be used in 
more noisy conditions [2] (e.g. regular office), and even reverberant conditions [3] (e.g. car or airplane) 
and with millimeter resolution [4]. 

2 Impedance measurements with DC flow 

2.1 Sensor windshield 

A disadvantage of the standard particle velocity sensor is the susceptibility to wind. To reduce turbulences 
the sensor is housed within a special nose cone, see Figure 2. The cone is directed perpendicular in the 
wind direction. Velocity being a vector is measured in the other direction perpendicular to the material. 
This windshield has already been tested successfully for measuring intensity up to 30m/s [5]. 

 
Figure 2. Left: The inner parts of the nose cone. Right: stream lined nose cone 

2.2 Measurements close to the material 

In a laminar flow the absorbing material can induce turbulence. The sensors in the close proximity of the 
sample can be affected by this. Less influence of turbulence is experienced when the distance from the 
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material is increased. The sensor is directed to the material perpendicular to the air flow, see Figure 3. The 
distance from the probe to the material is varied. 

 
Figure 3. The acoustic damping material and probe are positioned at the exit of the wind tunnel 

Measurements 15 millimeter distance 

When the signals of both sensors are analyzed an increasing disturbance at higher wind speed can be 
observed at lower frequencies, both for pressure but especially for the velocity sensor. 
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Figure 4. Sensor deviation 15mm from the material at various flow speeds. 

Left: pressure, right: velocity 
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Figure 5. Impedance deviation 15mm from the material at various flow speeds.  

Left: Z magnitude, right: Z phase 
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Measurements 45 millimeter distance 

When the measurement distance increased it is shown the microphone is almost not affected while the 
velocity is still distorted but not overloaded. However impedance is the ratio of p/u. Because this 
turbulence is not common to both sensors and is averaged to zero when the transfer function is taken, see 
Figure 7. This reduction of no common noise is earlier used during intensity measurements in [5]. The 
impedance measurement is almost not affected below 200Hz up till 5m/s wind speeds and below 400Hz at 
7.4m/s. 
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Figure 6. Sensor deviation 45mm from the material at various flow speeds.  

Left: pressure, right: velocity 
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Figure 7. Impedance deviation 45mm from the material at various flow speeds. 

Left: Z magnitude, right: Z phase 



3 Measurements on a moving sample 

 
Figure 8. A round patch of "cotton felt" absorbing material is rotated on a pick-up 

A 95mm diameter patch of “cotton felt” is mounted on a rotated disk with increasing speed. A standard 
probe positioned at 15cm from the surface the absorption coefficient is measured and compared relative to 
the still standing sample. If the measurement time is reduced errors in the FFT calculation occur starting at 
lower frequencies. Figure 9 shows it is still possible to determine the absorption with reasonable accuracy 
using standard non parametric transfer function estimation if an area of constant surface impedance is 
measured for more than 0.05 seconds. Driving on a highway at 80km/h this means the resolution of this 
method would be 1.1 meter. At 0.04 seconds errors occur at lower frequencies. Results at even shorter 
time periods might be achieved in the future with dedicated parametric estimation methods. 
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Figure 9. Absorption coefficient with decreasing measurement time 



4 Conclusions 

Current techniques to determine material reflection and absorption are ineffective to be used with DC flow 
and to measure on moving samples. In the previous paragraphs the PU free field impedance technique has 
shown to be able to measure under these conditions. 

Measurements show the presented pressure-velocity method was not affected by turbulence induced in the 
presence of the material at wind speeds up to 5m/s wind speeds from 200 Hz upwards and 7.4m/s higher 
than 400Hz. With a dedicated nose cone to reduce the disturbance to wind the velocity sensor is less 
affected. Because the noise is not coherent to both sensors and taking the transfer function instead of the 
auto-spectrum the turbulent wind noise further reduced. 

Tests at higher wind speeds have to be taken because the probe reached the maximum wind speed of the 
used wind tunnel. In the measurements the source volume produced roughly 60dB SPL at the probe 
position. This level can be increased reduce the influence to wind. Also a larger distance between the 
probe and the material would improve the results. 

It is possible to determine the absorption coefficient when the measurement time above an area of constant 
impedance is 0.05 seconds or larger. For instance if a sample is moving at a speed of 20km/h the area 
would then be 28cm and 110cm at 80km/h. More sophisticated parametric transfer function estimation 
methods might further improve this spatial resolution. In [3] is shown the method can be used in a highly 
reverberant car and [6] shows it is even possible to measure with background noise only instead of an 
actual source. This indicates there is a good potential for this method to be used in a production 
environment. Future measurements will have to show to which extend the background noise actually is of 
influence. 
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