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In the acoustical practice, up until the last two decades, the study of vectors fields and 
acoustic flow visualisation are rather seldom. To day, flow motion described by the 
acoustic particle velocity together with the acoustic pressure may be measured 
experimentally and as the sound intensity can be used to collect the data to visualisation all 
the phenomena occurring in investigated acoustic fields much more effectively than with 
classical methods. The visualization of acoustic power flow in real-life acoustic fields can 
be explain many particulars energetic effects (scattering, vortex flow, shielding area, etc.), 
concerning the areas in which it is difficult to make numerical analysis. 

In our research, using the 3D miniature Microflown probe, visualization of acoustic 
power flow inside the real-live field will be shown in the form of intensity streamlines, as a 
shape of acoustic wave or intensity isosurface in three-dimensional space. That is new 
possibility in the acoustical metrology. In paper, numerous methods of visualization 
illustrate the possibility of application the SI measurement for practical problems at the 
acoustical diagnostic and noise abatement. 
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1.   Introduction 
 
In recent years, considerable advances have been made in computational fluid dynamics 
(CFD) such that there are now available a number of commercial codes which can be used 
to predict, for example, the vortex shedding behind a different shape of obstacles in 
turbulent air flow [3]. In normal conditions the real features of obstacles in the field and 
interactions with the environmental cause their shielding efficiencies to be very often 
drastically differ to comparison the result of theoretical prediction. Today, the power flow 
inside the sound field can be measured directly (even in the near-field region) using sound 
intensity technique and results of the research can be illustrated with a rich form of acoustic 
energy flow visualization. At the some time it is a convenient technique making it possible 
to empirically verify the flow field scattered on the obstacles. Main advantages of the 
research carried out with the application of a sound intensity technique consist in the fact 



that the measurements taken refer to energy dependencies of the acoustic field and that they 
can be carried out in real conditions of working sources. Vector visualization of 
vibroacoustic phenomena, in contrast to pressure methods, significantly improves acoustic 
diagnostics of machines and devices by a precise localization of noise-radiating sources 
(hot points). Precise indication of such local vibration sources is very significant in limiting 
the noise radiated by devices and facilitates their structural and parametrical modification. 

Presented in this paper result of experimental investigations will be concerned with 
the use sound intensity measurement technique in study of the acoustic wave propagate in 
three-dimensional field, if on the way, some of the obstacles as a plane and three-dimension 
structures are present. Direct measurement of the flow intensity sound as the energetic 
fields and graphically description of the results, can explain a diffraction and scattering 
phenomena occur on the real acoustical conditions and solved in practical way a lot of 
scientific and engineering problems. Hitherto existing traditional visualisation methods of 
acoustic phenomena with acoustic pressure mapping are not well suited to analyse the 
vectors phenomena of acoustic field. The sound intensity as opposed to the analysis of 
pressure distributions fields represents a more accurate and efficient solution compare to 
the spatial sound fields modelled with computer simulation methods. This is one of the 
reasons why the experimental investigation fields using sound intensity technique are a 
useful tool for the noise control engineer. 

In the paper, an graphical methods will be presented to determine the real intensity 
vector distribution in 3D flow wave field as a energy streamlines, intensity isosurface and 
as a shape of wave in real-life acoustic fields. Measurement will be done with a new type of 
miniature 3D Microflown intensity probe. 

 
2.   Identification of vector  effects in the 3D acoustic flow fields 

 
The previous theoretical methods of acoustic field modelling deal with simplified cases, 
where it is easy to determine edge conditions in order to solve differential equations and if 
the processes are linear. In three dimensional fields, acoustic radiation from vibrating 
structures, mutual interferences of waves, scattering effects, absorption by and diffraction 
on the obstacles, the emergence of standing waves - very well described as separate events - 
have not been successfully synergetic linked together in a mathematical model. 

Sound intensity studies suggest that previous theoretical models and computer 
simulations of acoustic fields in restricted areas may be far removed from reality. It is 
because the distribution of the real fields is much more complicated than previously 
expected. One may also conclude that dynamic acoustic phenomena that take place in real 
structures and systems, are usually unstable and even small changes in wave flow variables 
or the geometry of the elements in space, may lead to radical changes in the field. 

The emergence of technologies that can measure the sound intensity (SI) vector in 
three dimensional space, created a need for a suitable visualization, where spatial 
distribution of sound intensity vectors could be clearly shown and interpreted. The problem 
is how to create an image of 3D space and use modern visualization methods (vector effect, 
animation, multimedia) to show the dynamics of acoustic phenomena, eg. in a turbulent 
flow field. 

Visualization of results may involve depicting various acoustic phenomena, 
depending on the area of interest. In sound engineering, it may be an acoustic wave power 
density distribution in space, the wave dissipations, the evaluation of its motion within the 



medium, spatial diffusion and frequency irregularities of sound velocity. Technical 
acoustics could be interested in directional characteristics of industrial sources and the 
variables connected with reflection, scattering and diffractions on obstacles, which are used 
to draw maps of the noise levels and to evaluate the effectiveness of anti-noise monitors in 
industrial premises. 

Experimental studies carried out on real models and structures are documented with 
graphical records of acoustic fields created by surface sources (radiation of vibrating 
structures) and the effects of wave interference on obstacles and barriers placed in the flow 
field. This graphical description allows us to assess the effects of the mutual influence of 
the sources and examine the energy distribution of actual acoustic sources. Traditional 
methods of acoustic metrology, based on acoustic pressure distribution, do not offer such 
possibilities. 

Better understanding of a mechanism that conveys structural sounds and back 
scattering, especially in a near field of the source (through the analysis of a graphical 
distribution of the vector acoustic field) can be especially used in noise protection in rooms, 
and in technical diagnostics using vibroacoustic methods. Visualization and analysis 
methods may be important in research of inhomogeneous structures, in acoustic metrology 
(level of noise, transmission loss characteristics of partition, structure radiations studies), in 
structure mechanics (acoustic radiation characteristics, lowering the noisiness of 
mechanism, localization of sources), in acoustic protection of transportation devices, and 
sound-engineering. 

The results of studies using sound intensity technique contribute to the theory of 
sound and general knowledge about the physics of flow acoustic phenomena, especially in 
near acoustic fields. In the paper we present a few examples of various visualization 
techniques from our studies. In post-processing and in choosing the most suitable form of 
visualization, we use modern achievements in flow visualization: animation and 
multimedia technologies. We also use and develop our own software (SIWin) for vector 
visualization in the acoustic field. 

 
3.   Sound intensity transducers 

 
Modern equipment for measuring sound intensity was launched on the market in the 1980s. 
Today, this method frequently complements conventional methods used in acoustic 
metrology. Sound intensity amplitude may be determined by: 

- a two-microphone method, 
- a cross correlation transform between pressures from two microphones, 
- a direct measurement of pressure and acoustic particle velocity. 
The first two methods may be carried out with an intensity probe built from two 

omni-directional pressure microphones (pressure-pressure probe) placed in a distance � r 
proportionate to the wavelength. The relative position of the microphones may vary, but the 
most effective position is when they are facing each other. The microphones are usually 
1/2" or 1/4" condenser microphones. 

A pressure-velocity probe is significantly different from the two-microphone probe. 
For example, the NE-216 probe, produced by NORSONIC S.A., is comprised of a 1/2" 
condenser microphone (for pressure measurements) and two pairs of crystal microphones 
(for velocity measurements of the acoustic wave, according to a method based on the 
Doppler effect). The two pairs of crystal converters are on one ring, with the condenser 



Figure 1.   The “ Microflown”  Ultimate Sound Probe – USP as a miniature 3D sound 
intensity transducer during investigation in anechoic chamber 

microphone in the middle. The ring diameter is about 70 mm. 
The aforementioned advantages of the sound intensity technique may be used in 

acoustic metrology much more effectively if a new 3D-USP miniature intensity probe is 
applied. The Microflown Ultimate Sound Probe - USP (made by Microflown Technologies 
B.V.) is a new type of sensor, as a practical alternative to 3D p-p type intensity probe. The 
Microflown USP probe is a very compact and integrated sound probe that combines three 
orthogonally positioned particle velocity sensors and a miniature pressure microphone 
(0,1”). Particle velocity sensor measures the relative change in electrical resistance of two 
tiny platinium strips heated to about 300 oC. When particle velocity is present, it 
asymmetrically alters the temperature distribution around the resistors and relative change 
his resistance, which quantifies the particle velocity. From measurement of the particle 
velocity of the three mutually perpendicular directions and simultaneously measured the 
pressure of acoustic wave in this same place, the time averaged active sound intensity 
vector can be calculated [1]. The actual sensor configuration without its cap is less than 5 
mm x 5 mm x 5 mm (see Fig. 1). 

 

 
The Microflown 3D-USP, used as a scanning probe, was especially developed for 

measurements carried out very close to vibrating objects - the source of acoustic power. 
The USP effectively extends the traditional possibilities for complete sound intensity 
depictions of 3D energetic fields, by measuring three particle velocity vector components 
and the acoustic pressure (a scalar value). By minimizing the array distance to the sound 
source, we may investigate particle velocity levels in very near field conditions (a so called 
hydrodynamic region), and the power acoustic flow and acoustic impedance may now be 
experimentally described in real-life conditions. 

 
4.   Results of investigations and conclusion 

 
As the first example of investigation, on the Fig. 2 a graphic presentation of spatial 
distribution the acoustic power flow around the two models in shape as a “ two steps of 
stairs”  and “ inclined plane” are show [2]. In the experiment, acoustic excitation coming 
from broad-band five loudspeaker installed in line on the lower surface position before the 



investigated models. The source signal was a stationary broad band pink noise. The 
measurements are curry out in 1/12-octave bands and flow map have been build in the 
frequency range between 25 Hz and 6300 Hz. On the figure only part of all streamlines (in 
shadow area for 194 Hz) are shown. The shape of sound shadows close behind the models 
are described. Notice how these streamlines form a vortex close the rear side of models. 
The shadow area represent focusing of sound energy. Such a phenomenon could not be 
observed by using pressure data to present the acoustic field. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The next test concern the application of sound intensity technique to graphic 

presentation of spatial distribution the acoustic energy flow around flat, hard-acoustics 
rectangular plate of dimensions 052 x 0,32 m and thickness 25 mm located in a anechoic 
chamber and excited by axially travelling incident wave coming from loudspeaker on a 
distance 0,6 m central, before to the plate. The measurements with using USP intensity 
probe are curry out in one-third- and one-twelfth octave bands and vectors map have been 
build in the frequency range between 25 Hz and 6300 Hz. Some of the results are describe 
on the Fig. 3 as a distribution of intensity streamlines in the plane (2D) of symmetry axis in 
lower part of thick rectangular plate. Please put your attention on the vortex effects in the 
intensity field. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.   Intensity streamlines in shadow area (vortex one selected for 194 Hz) of two 
models: a) inclined plane and b) two steps of stairs 

 a)  b) 

Figure 3.   Distribution of intensity streamlines in  the plane of symmetry axis in 
lower part of thick rectangular plate 

               1372 Hz                                                2304 Hz                                                 2585 Hz 

   



 
Figure 4 are show examples of vector field distribution using different methods to 

the presentation of investigating results that create the pictures of scattering effects and 
acoustic shadow formed in the 3D space in front and ear side of the plate. For the better 
viewing only results in one half of the measured space is show. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In conclusion, we can set that by the direct measurement of acoustic power flow and 

graphically description of the results, we can explain a diffraction and scattering 
phenomena occur on the real acoustical barriers and solved in practical way a lot of 
scientific and engineering problems. For instance, the flow of acoustic energy presented by 
the intensity streamlines shows the way of energy flow in acoustic field. Showing the paths 
along which it is transmitted may be very useful when the necessity arises to visualize the 
"shape of noise" radiated by vibrating mechanical structures (machines, vibrating 
heterogeneous plates, equipment's, etc.) and can show their acoustical activity also in 
limited 3D spaces. This is a form of qualitative analysis for stationary acoustic fields which 
consists in a complex evaluation of the paths along which the acoustic energy of a radiating 
source is transported. 
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Figure 4.   Examples of intensity streamlines (a), intensity isosorface (b) and the 
normal intensity component (as a shape of wave) in rear side of thick plate (c) 

 for some selected frequencies 

                      688 Hz                                                      1600 Hz,  76 dB                                                  516 Hz 


