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Introduction 

Flow induced noise is known to depend on details in the 

geometry and surface of an object. Acoustic measurements 

in the flow might be helpful in analysing the noise sources. 

As accelerometers can not be used to measure flow induced 

noise, acoustic particle velocity sensors become a viable 

alternative worth while considering. In combination with 

sound pressure sensors the sound intensity can be used for 

sound localisation / quantification. 

Although acoustic particle velocity sensors are susceptible to 

wind, they can be used in the presence of a flow if the 

sensors are mounted in a nosecone. Cross correlation 

techniques can be used to circumvent the issue of flow 

induced noise even further. 

Experiments carried out up to 70m/s at the windtunnels at 

University of Twente and NLR will be presented and 

discussed. 

The PU nosecone 

A nosecone was constructed with an opening sideways that 

was sealed with an acoustic transparent metal foam, see 

Figure 1 (right). The foam prevents DC wind to enter the 

probe and at the same time is rigid so low frequency 

turbulences cause no vibrations. Inside the probe a high level 

Microflown [1], [3] plus a regular sound pressure element 

are placed, see Figure 1 (middle). 

Because low frequency, high level turbulences cause such 

high level signals that a regular Microflown would be 

overloaded a high level Microflown is required. And these 

low frequency overloading would cause distortions in the 

higher frequencies too. 

   

Figure 1: A Microflown with a micromachined 

windshield (right) combined a miniature sound pressure 

microphone (middle) is mounted in a specially designed 

nose cone (right). 

The probe is tested in several wind tunnels. First in a small 

tunnel that has an upper limit of 8m/s, this tunnel is made to 

be able to test indoors. After this first test showed  

successful, the probe was tested in two professional wind 

tunnels.  

Measurements 

The combined probe is put in the nose cone and tested in an 

open wind tunnel with an upper flow range of 8m/s. A 

loudspeaker is placed outside the flow generating a pure tone 

of 500Hz. 

As can be seen in Figure 2, the particle velocity is almost not 

affected by the flow. The sound pressure is affected a bit 

more. This is believed to be caused by the noise of the wind 

tunnel. The Microflown is not affected by this because the 

non sensitive direction is pointing towards de flow. 
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Figure 2 upper: Auto spectrum of the particle velocity 

without wind (grey) and with 8m/s flow. Lower: Auto 

spectrum of the sound pressure without wind (grey) and 

with 8m/s flow. 

To get an impression of the consistency of the sound 

pressure and particle velocity sensors the acoustic 

impedance is measured. The impedance is measured 

(modulus and argument) rotated and measured again. Since 

the impedance equals the cross spectrum divided by the 

autospectrum, this test proves the capability to measure 

intensity. The impedance test is a good indication if this 

probe can be used as an intensity probe. 
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The phase shift must shift 180DEG due to that an the 

amplitude of the impedance should not alter. As can be seen 

in Figure 3, the phase shifts roughly 180 degrees. As can be 

seen, the signals are affected due to the flow at the lower 

frequencies. The reason can be the probe or the somewhat 

simple (irregular) wind tunnel. 

The ripple in the phase response at approx. 1kHz (Figure 3, 

lower plot) is most probably caused by a standing wave in 

the wind tunnel opening. 
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Figure 3 upper: modulus of the acoustic impedance for 

various velocities. Lower: phase shift after rotation. 

The pu probe in the nose cone was tested in the small wind 

tunnel at the University of Twente. A loudspeaker was 

positioned outside the flow and generated a pure tone of 

100dB at 500Hz, see Figure 4. 

 

Figure 4: The PU probe in a nose cone is measured in 

the small wind tunnel of the University of Twente. 

The sound levels are measured, results are shown in Figure 

5.  
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Figure 5: Particle velocity level (upper) and sound 

pressure level (lower)measured in a wind tunnel at 

several wind velocities up to 33m/s. 

In Figure 6 the cross spectrum of the sound pressure and 

particle velocity is shown. The self noise of the cross 

spectrum is much lower than the velocity self noise levels 

[2]. This indicates that the noise in the sound pressure signal 

and particle velocity level caused by the nose cone are 

highly uncorrelated. 
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Figure 6: Magnitude of the cross spectrum of the sound 

pressure signal and particle velocity signal. 

The pu nose cone was also tested in a small wind tunnel of 

the NLR. In this case a two dimensional velocity sensor is 

used in combination with a sound pressure element. A small 

planar sound source was positioned in the flow at a wing 

shape in the middle of the open tunnel, see Figure 7. 

NAG/DAGA 2009 - Rotterdam

127



 
Figure 7: The PU probe in a nose cone is measured in 

the small wind tunnel of the NLR up to 70m/s. 

The sound source is emitting at 6300Hz sine and the spectra 

are shown in Volts. The sound level at the probe is in the 

order of 110dB. 

 

 

 
Figure 8: The PU probe in a nose cone is measured in 

the small wind tunnel of the NLR up to 70m/s. Upper: 

sound pressure, middle particle velocity and lower cross 

spectrum. 

In Figure 8 the output levels of the pu probe are shown. All 

signals have a peak at 6300Hz and this peak is of similar 

value for each air speed. The sensitivity of the probe is 

therefore not depending on wind velocity. 

The upper curve shows the sound pressure signal. At 1kHz 

the selfnoise is rising approx 60dB due to the 70m/s wind 

speed. The velocity signal is affected slightly more: 70dB. 

The cross spectrum is also rising 70dB. 

Conclusion 

A pu nosecone is constructed that enables to measure sound 

pressure and particle velocity in a environment with a high 

laminar flow. The probe is tested up to 70m/s. 

It is shown that the probe is capable to measure complex 

acoustic impedance and the sound intensity. 
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