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Abstract

Proposed paper will be concerned with the use sound intensity (SI) measurement using the
new concept of acoustical particle velocity sensors (in the 3D miniature Sl probe Microflown
USP ) to study vortex shedding in the space of real acoustic flow fields. A several graphical
methods will be presented to determine the real vector distribution in 3D flow wave field
around rectangular plates (thick and thin one). The energy streamlines, intensity isosurface
and as a shape of wave in real-life acoustic fields will be presented. 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 alot of engineering problems.

SCATTERING ON THE OBSTACLES

The scattering by a sound-hard thin rectangle has been solved numerical,
mostly by a direct integral equation method. The numerical implementations are
straightforward and relatively high frequencies can easily be handled [1]. The edge
conditions are incorporated into formalism, but no special measures are taken for the
corners where the stronger singularity visible become.

In respect to technical applications, not so often the results of theoretical
solutions have implementation to the practices. From this, the generaization of
acoustic scattering problems to vector cases is most interesting from the application



point of view. This paper is concerned with the use of sound intensity technique
methods in visualization of exterior three dimensional distribution of the vector fields
around arectangular, acoustical hard plates.

The problem of determining reflected or diffracted sound fieldsis a classic one.
Main interest in experimental investigations is some times close connected with the
reactions of objects if the wave length is close to the dimension of body in the
acoustics flow fields. If the size of the body is comparable to the wave length of the
sound source, the wave distribution near the object is very complicated. Many objects
of practical interest have edges and vertices and treatment of such singularities in
integral equationsis not completely clear.

A principa purpose of this paper is to present methods for the treatment of
singularities when using experimental methods for visualizations the acoustic power
flow in real conditions of working sources. There are modern approaches to acoustics
metrology of this kind and obtained very straightforward results easy to use and aso
applicable to bodies of complex shape.

TOPOLOGICAL PRESENTATION OF FLOW FIELDS

Today, when powerful graphics computers are available, visual methods play a great
role in the scientific investigations. In the field of scientific visualization numerous
methods have been devel oped to depict vector fields graphically. Without an intuitive
image of a vector field the dynamical behavior of the analyzing system cannot bee
understood in full detail.

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. 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.

An important aspect of prediction an acoustic flow field is its topology [2]. It
present essential information by partitioning the flow field in regions using critical
points which are linked by streamlines. Critical points are points in the flow where
the velocity magnitude is equal to zero and by means of visualization are the
identification of futures like source or sinks, vortices or periodic orbits. Visualization
of topology is impressive when applied to not complex flow fields, but in high-
resolution turbulent flows problem may arise and the set of computed critical points
will become very large [3].

Topological graphics can be also successfully applied to a acoustic power flow
visualization using the data directly from measurement. It is generally known, that the
power flow inside the sound field can be measured directly even in the near-field
region using sound intensity (SI) technique and results of the research can be
illustrated with a rich topological form of acoustic energy flow. As the example that



typical critical points can be found by intensity measurement in the flow acoustic
field, a critical points (attracting nodes, focus and saddle point) forming the vortex in
real-live acoustic vector fields are shown on the Fig. 1.

Fig.1. Anexample of a critical points( attracting nodes, focus and saddle point)
forming the vortex in real-live acoustic vector fields

The graphical form of analysis the field flow acoustic fields may include a
picture of streamlines of the sound intensity flux, shape of acoustic wave or intensity
isosurface. Thisisaform of qualitative analysis for stationary fields which consistsin
a complex evaluation of the paths along which the acoustic energy of a radiating
source is transported.

FLOW WAVES STRIKING A BARRIERS

Sound being reflected from severa limiting surfaces together with the direct sound
from source built up a sound field with such complicated patterns that even the
simplest care is practically impossible to describe completely. Based on the theory of
sound, numerical method can be used to write acoustical computer programs [4]. In
general, analytic models assume an omni directional source, reverberation absorption
coefficients, reflecting flat surfaces, and air absorption quantified by air absorption
exponent. Each of these approaches provides useful information about pressure
acoustics pressure fields, but none currently offers a full vectors mapping of the
acoustic energy flow (vectors effect) in front and back of any scattering systems
working in real environmental conditions. Interference, diffraction and scattering of
waves made the real field very complex and is difficult to the theoretical modelling
the acoustic efficiency of the barriers.

More commonly known theoretical methods have one weak point - the shadow
areais mainly described as a pressure (potential) field and description of mechanism
of the acoustic energy flow transported as a vectors effect over the obstacles is
practically omitted.

This is one of the reasons why the experimental investigation fields using
Sound Intensity (SI) technique are a useful tool for the analysis of vector acoustic
flow field distribution around the barriers. A properly used sound intensity method
ensures the chance of display the acoustic energy flow distribution in any place of a
restricted space, even within a near field. At the same time it is a convenient



technique making it possible to empirically verify the acoustic flow field in real-life
conditions [5].

This paper motivates and illustrates how S| technique has been applied to
analysis of flow acoustic field resulting from measurement vector data. Main
advantages of the research carried out with the application of a Sl technique consist in
the fact that the measurements taken refer to energy dependencies of the field
described by intensity streaming flow and that they can be carried out in unrestricted
environment.

The presented advantages of a sound intensity technique may be used in
acoustic metrology much more effectively if a new 3D-USP miniature intensity probe
will be applied. The Microflown Ultimate Sound Probe - USP (made by Microflown
Technologies B.V. [6]) is anew category in sensors, adapters a practical alternative to
pressure microphones, mini accelerometers and laser vibrometers. 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. The actual sensor configuration with a out its cap islessthan 5 mm x 5
mm x 5 mm.

The Microflown 3D-USP as a scanning probe was specially developed for
measuring very close to vibrating objects radiated the acoustic power. The USP
effectively extends the traditional possibilities for sound intensity measurements for
the full description of a 3D energetic fields, by measuring 3 particle velocity vector
components and the acoustic pressure (scalar one). Minimizing the array distance to
the sound source we have possibility investigates particle velocity levels under, very
near field conditions, in so called hydrodynamics region, and the power acoustic flow
isnow possibleto full describe in the real-live experimental conditions.

RESULTS OF INVESTIGATION

The tests concern the application of sound intensity technique to graphic presentation
of gpatial distribution the acoustic energy flow around flat, hard-acoustics rectangular
plates. Two investigation plates of dimensions 052 x 0,32 m and thickness 25 mm
and 2 mm are located in a anechoic chamber and excited by axially travelling incident
wave (stationary broad band pink noise) 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. On the Figures 2 and 5 the
geometry of experimental set-up was full describe.

On the Figure 2 the geometry set-up and distribution of intensity streamlines in
the plane of symmetry axis of the thick (25 mm) rectangular (0,52 x 0,32 m) plate is
show. The SI measurement was taken with afixed point method. Around the plate the
measurement space of 0,69 x 0,51 x 0,51 m was divided on 6647 cubic, in the centre
of which there were taken measurements of x, y, z components which give a 19041
measured S| vectors using as a data to graphical visualizations.



Measured space 0,69 x 0,51 x 0,51 m

032m 0,51 m 678 HZ 866 HZ

0,52m
#0,025m 0,69 m

0,51 m
917 HZ 1090 Hz

Fig.2. The geometry of experimental set-up and distribution of intensity streamlinesin
the plane of symmetry axis of the thick (25 mm) rectangular (0,52 x 0,32 m) plate

In this work only the investigation results with graphical image will be
presented. Figure 3 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 rear side of the plate. The
intensity streamlines and shape of wave in shedding area as well as the intensity
isosurfaces are presented for some selected frequencies.

a

866 Hz 1029 Hz 2304 Hz
b 818 Hz 1830 Hz 2901 Hz
C. 1250 Hz 1950 Hz 2175 Hz

85,9 dB 83,5dB 73,3dB

Fig. 3. Intensity steamlines (a) and the normal intensity component as a shape
of wave (b) in rear side of thick plate together with intensity isosorface
(c) for some selected frequencies



On the Figure 4, SI streamlines as an acoustic energy flow map around the hard
and thick plate, is describe. Using the intensity streamlines seems to be very useful
and meaner way for representation the transport paths of acoustic energy in
environmental conditions. We can see that direct flow wave excited on the front
surface together with back wave made in the field many vortices and curls (effect of
backscattering).

688 Hz 917 Hz

1000 Hz 1223 Hz

Fig. 4. Sound intensity steamlines around rectangular thick plate (only a
half of the measure space is show). Source is 0.6 m from center

In the second part of our research, the investigations of sound intensity stream
distributions will be made in the space around the corner of acoustically hard, thin (2
mm) plate. Experimental set-up is shown in Figure 5, where also distribution of
intensity streamlinesin the plane for some of 1/12 octave band frequency is shown. In
the image of energetic acoustic field we can show the intensity streamlines in ribbon
form in the three-dimensional space close to lower the corner of plate (see Fig. 5). In
this measurements according to previous one, we used more compact measurement
net.

The investigated sound intensity distribution in measured space is shown in
Figure 6. It can be seen that sound intensity streamlines distributions on both sides of
aplate are strongly depend on the frequency and phase of the source signal. When the
phase are opposed over a certain part of the front and rear of plate (reflected and sink
waves), the effect is to produce cancellation in the space distribution. 1t may be seen
in Fig. 6 as a blue colour streamlines. The direct and back waves made in the field
many vortices and curls.



Measured space #0,002m
0,28 x 0,24 x 0,24 m 0,52 m

0,32m
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0,24m

028m 1830 Hz 2175 Hz

Fig.5. The geometry of experimental set-up and distribution of intensity streamlinesin
the plane of symmetry axis of the thin (2 mm) plate. Only ina quarter of a
space was investigated and graphically described

1029 Hz 1372 Hz
1830 Hz 2175 Hz
917 Hz 3073 Hz

Fig.6. Distribution of intensity streamlines in space around one of corners of thin
acoustic hard rectangular plate



ONCLUSIONS

The tests of the acoustic energy flow and presentation of the results in a graphic form
shows, that the presentation of vector distributions in rea acoustic fields can explain
many particulars, concerning in the areas for which it is difficult to make theoretical
analysis (direct and near field, effects of scattering, shielding area, etc.).

The check-up measurements using an intensity technique may show how often
anumerical simulations and theoretical image of an acoustic field distribution differs
from the shape of field obtained through the measurementsin real conditions.

An important consideration for a flow acoustic wave visualization is the
collection of visualization methods and the effectiveness of these methods in
investigation of acoustic engineering. These techniques illustrate how the governing
ideas can put to practice to explore a acoustic vector field. Traditional visualization
method with acoustic pressure distributions are not well suited to analyse these
phenomena of acoustic field.
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