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Abstract 

Above 140dB, acoustics become non linear. For testing it 

then becomes relevant to measure simultaneously sound 

pressure and particle velocity of the sound field. The 

standard Microflown sensor works up to 135dB PVL (re. 

50nm/s), [1], [2]. For aerospace applications, a particle 

velocity probe is developed that is able to measure the 

particle velocity up to 170dB PVL (re. 50nm/s), requiring of 

course proper calibration. 

With current techniques like the standing wave tube [3], [4], 

[5] and the piston on a sphere [5] it is not possible to 

calibrate at such high levels. For this reason a special 

calibrator is developed to measure the response of this probe 

at those high levels. 

The calibrator consists of two equal monopole sound sources 

that are placed closely in front of each other. First, only one 

of the two sources is switched on, measuring the sound 

pressure at some distance. With this measurement the 

volume velocity of the two sources is determined. Next the 

two sources are switched on in anti phase to generate a 

known high particle velocity level between the sources. 

Introduction 

The Microflown sensor is capable of measuring the acoustic 

particle velocity, [1]. There is a demand to measure the 

particle velocity at higher levels than is possible at this 

moment, up to 170dB (re. 50nm/s). To reduce the flow 

through the sensor it is encapsulated, see Figure 1 right. 

This encapsulated sensor is less sensitive than the standard 

sensor but it is not possible to calibrate at these high levels 

with current calibration techniques. The piston on a sphere 

calibration method [5] makes use of the ratio of pressure and 

velocity at 30cm distance from the source. But it is not 

possible to generate 170dB at such a distance. 

In the middle of a standing wave tube [3], [4], [5] the 

particle velocity is measured and related to the pressure at 

the endplate. High enough levels can be reached, but the 

sound waves are not linear and the relation between sound 

pressure and particle velocity is not valid anymore.  

In this paper a calibration technique is proposed based on a 

monopole sound source. The air is forced by an enclosed 

speaker through a small enough tube. At the end of the tube 

the sound is omitted omni-directionally and thus a monopole 

sound source is created. At the opening of the tube there is a 

high amount of particle velocity and theoretically no sound 

pressure. The velocity at the opening can be determined with 

a reference pressure microphone at a certain distance. 

 

 

The boundaries of this method are explored and the 

functionality of the probe is tested. 

    

Figure 1. High velocity probe. left: Microflown sensor, 

right: sensor with damping packaging 

Monopole calibration 

With a low frequency monopole it is possible to generate 

high particle velocity levels. With additional narrow intake, 

the velocity is increased even more. The sound source has an 

omni directional radiation at lower frequencies and behaves 

therefore as a true monopole.  

 

Figure 2. Low frequency monopole sound source 

 

Although the set up works also for high levels, an additional 

effect occurs: the monopole source is generating wind at 

higher levels. This is due to a non linear effect: the 

loudspeaker pushes the air out in the shape of a jet and sucks 

the air inward in an omni directional way. With a DC flow 

sensor a flow of 12.8m/s is measured at the monopole 

opening with 160dB particle velocity level.  
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Dipole calibration 

Two equal monopole sound sources are positioned close to 

each other and are driven in anti phase to avoid DC flow. 

The monopole sources together form a dipole that reaches 

170dB PVL. When the sources are powered in anti-phase 

less turbulence is created and the particle velocity level 

doubles (+6dB). Air particles are moved between the two 

sources instead of being pushed to the surrounding 

environment. 

True particle velocity sensor test 

To prove the sensor is still measuring particle velocity the 

sensor is rotated in a sound field with the two monopoles in 

anti phase. The original sensor has a figure-of-eight 

sensitivity, meaning the phase shift is 180 degrees when the 

probe is positioned in the opposite direction and the 

sensitivity is zero in the non sensitive direction. In Figure 3 

is shown this is also the case with the high velocity probe. 
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Figure 3. Time signal due to rotation of the probe 

In a next experiment the sources are powered in phase. Now 

the sound pressure doubled compared to a monopole 

situation. Exactly between the sources the particle velocity is 

goes to zero, see Figure 4 and Figure 5.  

The sensor submitted to the sound pressure field to verify 

that it is truly velocity sensitive and not pressure sensitive. 

Previous versions of the probe had sound leakages or parts 

where vibrating which made the sensor partially pressure 

sensitive. The particle velocity level increases when the 

probe is shifted from the middle and is moved closer to one 

of the sources. This shows that the sensor is particle velocity 

sensitive. 

 

Figure 4. Two sources in phase. The probe is moved 

from the center to each source to show that the sensor is 

particle velocity sensitive. 
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Figure 5. Particle velocity signal between two equal 

sources powered in phase 

Conclusion 

The probe that is designed to measure high particle velocity 

levels can now be calibrated with a specially developed 

technique that is presented in this paper. 

The calibration method breaks down in two steps. First the 

particle velocity at the opening of a single monopole is 

determined with the relation to a reference pressure 

microphone at a certain distance. Next the second equal 

source in anti-phase is turned on. With less turbulence is 

generated by this dipole it now is possible to reach high 

enough levels without overloading the particle velocity 

sensor. It is shown that there is a 6dB increase of particle 

velocity when the second source is also turned on. From this 

the generated particle velocity level of the dipole can be 

derived. 

Also the directivity and the susceptibility of the probe to 

sound pressure can be checked with this set up. 

If the sources are switched in anti phase the sound pressure 

is low at the measurement position and the particle velocity 

level is high. When the sources are switched in phase, the 

inverse is true. 

Overall the high dB velocity sensor shows to be roughly 

65dB less sensitive than a regular particle velocity sensor. 

The set up and sensor are capable to reach 170dB PVL. 
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