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In the paper author presented the visualisation methods in acoustic flow fields based on the simultaneous 
measurement in real-live acoustic fields the value of the particle velocity v and pressure p, describing the 
sound intensity stream (I=p·v) as the energy motion. Graphical method will be presented to determine the 
real vector distribution in 3D flow wave field. Visualization of research results may shown in the form of 
a intensity streamlines in space and as a shape of floating acoustic wave and intensity isosurface in three-
dimensional space. This form of vector visualization is unavailable using conventional measurement 
methods with separately pressure microphone. 
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 barriers and 
solved in practical way a lot of scientific and engineering problems. Intensity measurements can be con-
ducted in the near field and in the presence of secondary and parasitic noise. This is a crucial asset in tests 
involving industrial acoustics and that is why the method is significant both practically and cognitively. 
Based on the research with intensity technique and using selected visualizations methods, in the publica-
tion are demonstrate many examples of vector space distribution of the real-live acoustic field, illustrate 
the application of the SI measurement for practical problems at the acoustical diagnostic and noise abate-
ment. 

1 Acoustic flow visualization 

Over the last decade flow visualization has 
been widely applied to simulation and ex-
perimental studies [1, 2]. Modern forms of 
vector flow visualization are often quite dif-
ferent. One can use a traditional distribution 
of vectors in the form of arrows, isosurface 
distribution maps or streamlines (pathways 
where the flow takes place). Flows shown in 
two or three dimensions are created by the 
available graphic systems that give the user 
the ability of choosing the most convenient 
presentation form. 

How we are going to present a flow de-
pends on many analytical factors, but the 
most popular choice is streamlining in two or 
three dimensions. As thin streamlines are very 
difficult to present in three dimensions, espe-
cially in cases of vortexes and turbulences, 
they can be made more distinct by a flat rib-
bon strip comprised of a few thin lines. This 
form is also suitable for presenting vortex ef-
fects in a flow field, and a twisting vortex 
flow. 

This short summary shows that flow 
visualization is not a new area and it already 
possesses some traditional forms. However, 

they are rarely used to describe acoustic phe-
nomena, despite the fact that acoustic fields 
(represented by sound intensity) have been 
known in sound theory for a long time. The 
little interest in the acoustic flow (energy 
transport in the acoustic field) has been 
mainly due to the limitations in the ability to 
directly measure vector effects. Typical inter-
ference phenomena, such as diffraction and 
scattering of acoustic waves, appear in a real-
life acoustic field as a result of interactions of 
component waves coming from different ele-
ments of the source surface is today possible 
and easy to measure. 

The literature on the subject indicates that 
the visualization of vector acoustic field ef-
fects is a domain still waiting for more effi-
cient methods Even in numerical simulation 
methods, the acoustic field models concern 
mostly pressure effects rather than energy 
transport [3]. Inseparable effects of the wave 
motion - the acoustic particle velocity (v) and 
the resultant changes in pressure (p) - are de-
scribed by one vector acoustic variable: sound 
intensity, which nowadays can be directly 
measured and graphical illustrated. 
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2 Sound intensity phenomenon  

Energy distribution images in acoustic fields, 
connected with the graphical presentation of 
the energy flow (derived from direct meas-
urements) are a new element in acoustic me-
trology. In traditional acoustic metrology, the 
analysis of acoustic fields concerns only the 
distribution of pressure levels (scalar vari-
able). In a real acoustic field both scalar 
(acoustic pressure) and vector (the acoustic 
particle velocity) effects are closely related.  

Sound intensity possibilities have greatly 
changed the approach to examining many 
acoustic phenomena. This new measurement 
technique has been applied to various studies 
on theoretical and applied acoustics, greatly 
simplifying the methods of research. The 
measurements can be carried out in a near 
field and in the fields with presence of para-
site noise, which is a significant advantage in 
research done in industrial conditions. 

Visualization of SI measured results may 
involve depicting various acoustic phenom-
ena, 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 mo-
tion within the medium, spatial diffusion and 
frequency irregularities of sound velocity. 
Technical acoustics could be interested in di-
rectional 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. 

Sound intensity studies suggest that 
previous theoretical models and computer 
simulations of acoustic fields in restricted ar-
eas may be far removed from reality. It is be-
cause the distribution of the real fields is 
much more complicated than previously ex-
pected. 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 vari-
ables or the geometry of the elements in 

space, may lead to radical changes in the 
field. 

2.1 Intensity probes 

Sound intensity amplitude may be determined 
by: a two-microphone method, cross correla-
tion transform between pressures from two 
microphones and as a direct measurement of 
pressure and acoustic particle velocity. The 
aforementioned advantages of the SI tech-
nique may be used in acoustic metrology 
much more effectively if a new 3D-USP 
miniature intensity probe is applied. The Mi-
croflown Ultimate Sound Probe - USP (made 
by Microflown Technologies B.V.) is a new 
type of sensor, as a practical SI transducer. It 
is a very compact and integrated sound probe 
that combines three orthogonally positioned 
particle velocity sensors and a miniature pres-
sure microphone. The actual sensor configu-
ration without its cap is less than 5 mm x 5 
mm x 5 mm. 

The Microflown 3D-USP, used as a 
scanning probe, was especially developed for 
measurements carried out very close to vibrat-
ing objects - the source of acoustic power. 
The USP effectively extends the traditional 
possibilities for complete sound intensity de-
pictions 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 may now be fully described in 
real-life experimental conditions. 

3 Acoustic wave in 3D space 

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

Better understanding of a mechanism that 
conveys structural sounds and back scatter-
ing, especially in a near field of the source 
(through the analysis of a graphical distribu-
tion of the vector acoustic field) can be espe-
cially used in noise protection in rooms, and 
in technical diagnostics using vibroacoustic 
methods. Visualization and analysis methods 
may be important in research of inhomogene-
ous structures, in acoustic metrology (level of 
noise, transmission loss characteristics of par-
tition, structure radiations studies), in struc-
ture mechanics (acoustic radiation character-
istics, lowering the noisiness of mechanism, 
localization of sources), in acoustic protection 
of transportation devices, and sound-
engineering 

Transforming vibrating energy into 
acoustic energy takes place on the boundary 
of two sources; as a result, acoustic waves ap-
pear outside the structure. Creation of the 
acoustic field round vibrating structures has 
been termed as the vibroacoustic effect, and, 
as it is a harmful phenomenon, it is deemed 
noise. 

The control of vibroacoustic effects in 
machines and technical devices is one of the 
basic tasks in the construction of modern in-
dustrial products. The most important element 
here seems to be a proper design, allowing for 
dynamic consequences not only inside but 
also in the environment surrounding the de-
vice. A quality criteria for modern products is 
the largest possible reduction in vibroacoustic 
activity, and it is assessed by the examination 
of the acoustic field surrounding the source. 

Understandably, theoretical descriptions 
of the acoustic field deal with simplified 
cases, where it is easy to determine properly 
the edge conditions to solve the differential 
equations. In many cases, general term formu-
las are identical to those from electromagnetic 

field analysis. Actual acoustic fields, created 
by a simultaneous action of various wave ef-
fects, cannot be explained by some general 
mathematical descriptions. That is why ele-
mentary acoustic phenomena are discussed 
separately and only in some cases is it possi-
ble to apply superposition rules to determine 
the final image. Stochastic phenomena in real-
life conditions are best described by experi-
mental studies on actual objects or on models 
build in certain scales. 

Studies on three-dimensional acoustic 
field and the efficient organization of time-
consuming intensity examinations require an 
acquisition of data from robotic systems 
(visualization of the 3D flow field requires ten 
thousand or so measurements of the x, y and z 
intensity vector components).  

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 for 
vector visualization of the acoustic field. Be-
low, we present a few examples of various 
visualization techniques from our own stud-
ies. 

4 Study of exper imental results 

In this paper authors have described the ex-
perimental investigation of real acoustic vec-
tor fields using SI technique to visualisation 
the acoustic energy flow and showed how 
these methods may assist scientists and engi-
neers to gain understanding of complex 
acoustic energy flow in real-life field. 

On the Fig. 1 are presented a distribution 
of flow wave in the measurement plane in a 
form of scattered streamlines. The aim of the 
tests carried out was to describe a distribution 
of sound intensity vectors in reflected field of 
a acoustically hard surface. The source of 
waves was the small loud-speaker supplied 
with white noise which was radiated at a dis-
tance of 1.3 m from a plane of three angles of 
incidence: 0°, 30° and 60°. Graphic analysis 
of the reflected field may include a picture of 
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streamlines of sound intensity flux. It is a cer-
tain form of qualitative analysis for stationary 
reflected fields which consists in a complex 
evaluation paths along which the acoustic en-
ergy is transported. An analysis of field dis-
tribution was in 1/3 octave frequency bands 
from 80 Hz to 5 kHz, but on the figure only 
example for 400 Hz is shown. 

The graphic image of the flow acoustic 
reflected wave generated into three-
dimensional space by the oblique 60° source 
are shown on Fig. 2. The image of an acoustic 
wave represents the 3D shape of the intensity 
isosurface and streamlines (for the half of 
measure space). 

At sound oblique incident, it can be 
stated that it is not possible to find any rela-
tions between the nature of reflected wave 
distribution and geometric law of reflection. 
For most cases of frequency it may be seen 
that there is formed a close-to-surface wave 
running tangent to the reflecting surface. 

Examples of a graphic image of the vec-
tor field generated into three-dimensional 
space of a free-hinged plate excited by a 
broad band noise is shown in Fig.3, as an 
streamlines in ribbon forms for 1/3 octave 40 
Hz, as an shape of radiated wave (the acoustic 
image of the modal vibration of plate at the 
800 Hz) and isosurface. Notice how stream-
lines form a circular pattern surrounding each 
primary vortex close to the plate. Sound in-
tensity surfaces in three-dimensional space 
represents the noise flow as an acoustic wave 
radiated by vibrating plate. 

In order to more clearly emphasize the 
usability of method to presentation of acoustic 
energy transport, on the Fig. 4 presented scat-
tered field formed around the acoustically 
hard disc in diameter of 0,6 m. The disc acts 
as a reflecting and scattering shield and it is 
easily noticed the wave flows around as a in-
tensity streamlines, shape of wave behind the 
disc and intensity isosurface. Notice how 
these streamlines form a circular pattern sur-
rounding each primary vortex close the rear 
side of models. The shadow area represent fo-
cusing of sound energy. Such a phenomenon 

could not be observed by using pressure data 
to present the acoustic field. 

5 Summary 

Static and dynamic forms of visualization of 
acoustic energy streamlines in a three-
dimensional field significantly contribute to a 
more comprehensive interpretation of acous-
tic radiation mechanisms in limited spaces. 
Presentation of pathways on which the acous-
tic energy is conveyed, is especially useful in 
the visualization of complex acoustic sources 
(machine diagnostics, radiation of vibrating 
inhomogeneous structures) and in explaining 
their action in real-life conditions. It is a form 
of a qualitative analysis that appeals directly 
to imagination; observation of acoustic wave 
distribution in the air and the assessment of 
wave reaction to obstacles and acoustic barri-
ers in their way becomes more ‘ tangible’  and 
helps in complementing the theoretical 
knowledge of non-linear phenomena occur-
ring in acoustic fields. 

Vector visualization of vibroacoustic 
phenomena, in contrast to pressure methods, 
significantly improves acoustic diagnostics of 
machines and devices by a precise localiza-
tion of noise-radiating even from very small 
local sources (hot points).  

The application of the sound intensity 
technique has improved the quality of acous-
tic diagnostics and has made it possible to 
visualize energy wave phenomena (vector dis-
tribution) in a vibrating structure, or in an 
acoustic field around the structure. 
Direct energy analysis of acoustic fields was 
not possible earlier because the classical stud-
ies used a converter (microphone) measuring 
pressure changes, but pressure is a scalar ele-
ment of acoustic waves. Only when direct 
measurements of sound intensity (as stream-
lines of acoustic energy - a product of acous-
tic pressure and acoustic particle velocity) be-
came possible, could the wave distribution be 
analyzed in the form of wave acoustic energy 
transport. The results of studies using sound 
intensity technique contribute to the theory of 
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sound and general knowledge about the phys-
ics of flow acoustic phenomena, especially in 
near acoustic fields. 
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Figure 1.  Acoustic wave incidence of  three angles 0°, 30° 60° and reflected 
into three-dimensional space 

            500 Hz                                                800 Hz                                                 1250 Hz 

a) 

b) 

Figure 2.  The image of 3D shape intensity isosurface (a) and streamlines (b) (for the half of 
measure space) in the oblique 60o incident wave operations 
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Figure 3.  Acoustic energy radiated from vibrating plate as: an intensity streamlines f=40 Hz (a), shape 
of radiated wave f=800 Hz (b) and intensity isosurface f=63 Hz,  65 dB (c) 
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Figure 4.  Acoustic vector fields in space around the disc (d=0,6 m) as: an intensity streamlines (a), 
shape of shadow wave (b) and intensity isosurfaces (c) 


