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In contrast to the classically described acoustical fields with acoustical pressure distribu-
tions (scalar effects), the graphical presentation of the acoustic energy flow in real-life acoustic
fields as a vector mapping, can explain many particulars concerning the areas in which it is
difficult to make a theoretical analysis (direct and near field, vortex flow, effects of scattering
on obstacles, reflection on partitions, efficiency of acoustics barrier, etc.). With the experimen-
tal application of the sound intensity (SI) measurement method in real-life fields as well as the
technique of presentation the results in a 2D and a 3D graphical form, numerous examples
illustrate the results of applying the SI measurement for practical problems presented in the
article. Concerning the intensity vector distribution of the real near and fare field, the paper
presents the paths of the acoustic energy flow over the barriers and the form of the acoustical
radiation field of vibrating structures. This type of information enriches the knowledge about
vector acoustic fields and the mechanism of the acoustic energy flux through the real partitions.

1. The study of wave fields

Sound being reflected from several limiting surfaces, together with the direct sound
from the source, built up a sound field with such complicated patterns that even a most
careful analysis is incapable of describing it completely. Such a problem is encountered
mainly as an acoustic pressure distribution field in rooms or bounded spatial systems and
can be solved theoretical and experimentally in several ways [2]. These study include the
wave theoretical model, the geometrical acoustic model, the use of statistical methods,
the psycho-acoustic approach or the physical modelling.

MORSEandINGARD have theoretically calculated diffraction and scattering from
various geometrical shape structures [12]. Basing on the theory, also numerical method
can be used to write acoustical computer programs [1, 13]. The main numerical mod-
els are concerned with the geometrical presentation of the spherical sound propagation,
that is to say that phase and wave spherically are ignored. In general, analytic models
assume an omnidirectional source, reverberation absorption coefficients, especially re-



192 S. WEYNA

flecting flat surfaces, and air absorption quantified by the air absorption exponent. Each
of these approaches provides useful information about acoustic pressure fields, but none
currently offers a full vector mapping of the acoustic energy flow (vectors effect) in front
and back of any scattering systems working in real environmental conditions. Interfer-
ence, diffraction and scattering of waves make the real field very complex and modelling
theoretically the acoustic efficiency of the barriers is difficult.

The acoustical design of the barriers is mainly empirical for two reasons: firstly,
because of the lack of a precise theory of the acoustic flow fields around even simple
barriers, and secondly because of the great variety and complexly of the acoustical en-
vironment in which the barriers are used. For a very long barrier, the distribution of the
acoustical pressure can be easier to predict and the attenuation provided by a barrier of
finite length between a point source and the receiver can be estimate by the procedure
given in [11]. This and the even more commonly known theoretical methods have one
weak point – the shadow area is mainly described as a pressure (potential) field and the
description of the mechanism of the acoustic energy flow transported as a vector effect
over the obstacles is practically omitted.

At normal conditions, the real features of barriers and interactions with the environ-
ment cause that their shielding efficiencies often differ drastically in comparison with
the results of modelling with a theoretical prediction. The analysis of sound propagation
is made today usually by the application of many commercial computer programs, but
theoretical calculations and predicted results are not so often compared with experimen-
tal measurements for checking the accuracy of the programs (see [15, 16] comparing re-
sults of theoretical modelling with “SYSNOISE” v.5.3A and investigations of real-field
measurements with the (SI method). Reflection of waves, having a wavelength similar
or smaller than the obstacle dimension, scattered in all directions and the paths of the
transported energy are not easy to predict theoretically. The degree of the discrepancy
between modelling results and the real structure of the field formed over barriers grows
proportionally to the degree to which the simplifying calculating assumptions differ
from the conditions encountered in reality. The differences mainly result from the fact
that a theoretical forecasting uses simplifications far too big or that it is impossible to
obtain proper data on real physical features of the tested area.

This is one of the reasons why the experimental investigation fields using Sound
Intensity technique (SI) are a useful tool for the analysis of the vector acoustic flow
field distribution around the barriers. A properly used sound intensity method ensures
the chance of displaying the acoustic energy flow distribution in any place of a restricted
space, even within the near field. At the same time, it is a convenient technique making
it possible to verify empirically the acoustic flow field at real-life conditions [3].

This paper motivates and illustrates how the SI technique has been applied to the
analysis of the flow acoustic field resulting from measurement vector data. The main
advantages of the research carried out with the application of a sound intensity tech-
nique consist in the fact that the measurements taken refer to energy dependencies of
the field described by the intensity streaming flow and that they can be carried out in
unrestricted environment. As has been pointed out, the advantages of a sound inten-
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sity technique presented may be used in acoustic metrology much more effectively than
classical methods, e.g. to verify the theoretical methods of vector field modelling with
check-up measurements taken in real conditions.

2. Introduction to the theory of the vector acoustic field

The spatial distribution of acoustic energy in a field restricted by partitions depends
mainly on the ratio between the room dimensions and the wave length radiated by a
source placed inside, or by acoustically active partitions of the room (structure-borne
noise). In order to determine the parameters of an acoustic field by means of computa-
tional methods, one of the methods known from literature and based on wave, geomet-
rical or statistical models can be used [9]. Each of the methods has different ranges of
application and, while using them practically, they assume quite serious simplifications.
It is even possible to formulate a hypothesis that no contemporary theoretical method
used for modelling acoustic fields in acoustically small rooms gives a proper description
of the energy distribution of the field.

The trials of applying field modelling to small parallelepiped rooms (e.g. to prob-
lems connected with acoustic protection of ships living quarters) also face numerous
difficulties and limitations. The literature seldom contains publications in which the re-
sults of analytical model calculations are verified by experimental tests. At its best, such
an analysis concerns only a distribution of pressure levels, i.e. a scalar parameter of the
acoustic field. However, in a real acoustic field, there is a close connection between
scalar and vector effects represented by the acoustic pressure and particle velocity. It
is a scalar-vector description of an acoustic field character represented by two forms
of mechanical energy: the potential and kinetic energy that fully explains the physi-
cal meaning of the wave phenomena, and makes possible to consider the mechanisms
of propagation, radiation, diffraction or scattering. A good form of the illustration of
scalar-vector phenomena occurring under real conditions is the application of the sound
intensity technique in tests in which the product of the pressure and particle velocity of
the acoustic wave is measured by means of a proper measurement intensity probe (p−p
or p− v type).

The visualisation of the distribution of the active and reactive parts of the acoustic
field provides the possibility of a full analysis of the acoustic wave. A properly used
intensity method ensures a chance of measuring the vector distribution in any place
of the restricted space, even within the near field. At the same time, it is a convenient
technique making it possible to verify empirically the field parameters determined by
means of a computational method. The verifying tests using an intensity technique may
show how much the theoretical image of the acoustic field distribution differs from
the distributions obtained from measurements at real conditions. The differences result
mainly from the fact that theoretical forecasting uses simplifications that are far too
gross, or that it is impossible to obtain proper data on the real physical features of the
area tested.
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Nevertheless most analytical dependencies describing the phenomena occurring in
an acoustic field refer to a free and diffusive field, or possibly to an acoustic field in ho-
mogeneous ducts at frequencies below the cut-off frequencies. For such fields, treated
usually as fields with propagating plane waves, the pressure and acoustic intensity are
in phase (free field), or, as in the case of a diffuse field, the interference phenomena are
neglected for the frequencies corresponding to wavelengths shorter than the compart-
ment dimensions. In reality, however, there are no compartments which could be fully
qualified as containing free or diffuse fields.

Although very useful in certain applications, the geometrical approach to room
acoustics is not a satisfactory method for attempting to explain the behaviour of sound
within an enclosure. A more adequate, but more difficult approach, is based upon wave
acoustics, that is, upon the motion of sound waves within a three-dimensional enclo-
sure. This method is characterised by the establishment of boundary conditions which
describe mathematically the acoustical properties of the walls, ceiling, and other sur-
faces in the room [7].

One of the larger limitations in using classical wave theories of acoustic field analy-
sis in real rooms is the great variety of the inside shapes of rooms and the heterogeneity
of the absorption properties of partitions [14, 4, 9]. In most rooms, the floors are made
of materials of a much higher absorption coefficient than the walls. The furniture and
other equipment cause irregularities in the acoustic field. For this kind of rooms it is not
possible to use Sabine’s theory directly or its modification introduced byM ILLINGTON ,
EYRING andKNUDSEN [10]. This results from the fact that the basic assumption for the
use of these theories is field isotropy i.e. they refer to fields in which the energy density
is the same at each point. Since there are no fields of purely diffusive nature in prac-
tice, it would be necessary to find out the degree to which the room under consideration
meets the conditions resulting from a definition of a diffuse field. Thus the problem of
the evaluation of field diffuses has become a question which has attracted many the-
oreticians and experimentators [12, 16, 17]. However, the analysis tends to refer only
to limited frequency ranges corresponding to wave lengths comparable with the room
dimensions, which results in neglecting interference phenomena.

3. Experimental flow visualisation

A description of the basic visualisation methods for the graphic description of the
effects of fluid flow are developed and are described in literature [8]. Particularly vector
field visualisation techniques have been developed over the past several years. Many of
the techniques used in computer graphics flow visualisation have been adapted from the
traditional methods practised in wind and water tunnels. Scientific visualisation consists
in the use of computer graphics to create visual images which aid the understanding of
these often immense data set. A visualisation system, by serving a dual role as a provider
of exploration and exposition capabilities, have become indispensable in the analysis of
computational fluid dynamics(CFD) results [18].
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There is a host of CFD visualisation techniques which involve combinations of fil-
tering, resampling and numerical integration. The results of these techniques are known
to the users of the visualisation systems as vector plots, paths lines or isosurfaces. The
two main types of line patterns used in experimental flow visualisation are path lines
and stream lines. The path lines (particle path) are defined as the actual path traversed
by a given fluid particle and the stream line is a line everywhere tangent to the velocity
vector at a given instant. Streamlines are the most commonly used model for investigat-
ing the structure of flow fields. Another aid is the representation of each path line not as
a curved line, but as a space-filling and shades narrow ribbon. Ribbons in space provide
information regarding the rotational component of the intensity flow motion and may be
twisted about the normal vector near the curved path. These models also provide visual
causes to help to observe the interpreted a two-dimensional image.

Up to the last decade, studies of sound flow visualisation are rather seldom in the
acoustical practice. At present, flow motion as the acoustic particle velocity may be
measured experimentally using intensity probes, which can be used to collect the vec-
tors data for the visualisation of all the wave phenomena occurring in the real physical
space [15, 16]. In this paper, the author has described the visualisation methods in acous-
tics and showed how these methods may assist scientists to gain understanding of the
complex acoustic energy flow in a real-life field.

Having the technical possibilities of measuring a sound intensity vector in the three-
dimensional space, it was necessary to work out a proper form for the graphical presen-
tation of the acoustic vector field distribution. The problem involved a way of demon-
strating on a two-dimensional or three-dimensional form vector field.

A simultaneous measurement of the three components of the intensity vectors for
the frequency intervals makes it possible to imagine the spatial placement of the vector
at a given measurement point. Additionally, a graphical analysis of the field may include
a picture of streamlines of the sound intensity flux. This is a form of qualitative analysis
for stationary fields which consists in a complex evaluation of the paths along which the
acoustic energy of a radiating source is transported.

The intensity measurement during the research was carried out by means of a fixed
point method [3]. The main measurement plane was divided into sub-area, each point
being placed in the middle of a sub-area of 0.1 m by 0.1 m, into which all the measure-
ment area was divided. The vector field distribution in the measurement plane, defined
for each measurement point as the vector sum of three mutually perpendicular intensity
components, was examined in one-third octave bands from 25 Hz to 6300 Hz. As an
example of the intensity measurement vector distributions of acoustic fields in a model
of ships accommodation for one source (loudspeaker), and for two sources placed close
to the inner edges of the model are presented in Fig. 1. The analysis was carried out in
the full acoustic 1/3-octave frequency range, however, for the lack of space, the results
are shown only for 400 Hz.

A summary of discussing the results according to the model research for one source
and for two sources makes it possible to evaluate the resultant effect of the interference
of the direct waves and the reflected ones for each point of the measurement grid. As
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the frequency increases, the mutual amplitude and phase relations between the waves
create field areas of a vortex flow nature. The rotational character of the field can also
be seen in both cases, when driving at frequencies above 400 Hz, for which the model
can be treated, in acoustical terms, as a big room.

Fig. 1. Vector field distributions in the model of the ship cabin with acoustic sources inside: intensity
vectors and intensity streamlines (frequency 400 Hz, 1/3 octave band).

In the theoretical description, it is usually assumed that a nonlinear character of the
acoustic field with prevailing rotational waves can be encountered only in near fields,
i.e. at distances from the source lower than a one wave length (MORSE [12]). A large
number of direct measurements in a real acoustic field using intensity techniques, how-
ever, point to some differences from the theory.

4. Sound waves striking a barrier

In many practical situations in acoustics, the wave strike a structure and some of
the acoustic energy is transmitted through the structure to another acoustic domain with
wave diffraction and scattering effects. The solution of the direct scattering problem is
of fundamental importance to many areas of techniques. The basic approach consists in
modelling the interaction between the wave and the obstacle by differential or integral
equations. Since the analytic solution is available only for a limited number of models,
various approximations and simplifying assumptions are used for analysing the system.

The article presents the application of the sound intensity technique for the graphic
presentation of the spatial distribution of the acoustic energy flow. As one of the results
of the research, the graphic analysis of the sound intensity flux in the plane of the axis
of symmetry of the barriers is shown in Fig. 2. The distribution of the acoustic flow
field is analysed for different types flat barriers (I, T and Y shapes at the top) located
in a three-dimension half space. The tests concern the vector streamlines (2D form)
in the axis of symmetry of the objects for the acoustic excitation coming from a broad-
band loudspeaker installed on the lower surface position before the investigated barriers.
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Fig. 2. Distribution of intensity streamlines around flat barriers of different shapes at the top.

The source signal was a stationary broad band pink noise. The measurements are car-
ried out in third-octave bands and the flow map has been build in the frequency range
between 25 Hz and 6300 Hz. In Fig. 2, only the results for 400 Hz can be found. Look-
ing at the graphics, it seems that the shape at the top of barriers strongly influences the
sound intensity streamlines formed around the barriers.

As the next example of the investigation, the tests concern the intensity streamlines
in ribbon form in a 3D acoustic field. Excitation coming from a broad-band loudspeaker
installed in front of the investigated obstacles. The distribution of the acoustic field
shown in Fig. 3 is analysed around the flat barrier (dimension 0.6 m by 1.4 m) located
in a three-dimension half space and for the wall divided by two next to the door rooms.
We can clearly notice how much energy flows through the ceilings and the wall junction.

Fig. 3. Intensity streamlines in ribbon form around the barriers: hard barrier in a 3D half space and the
wall between two next door rooms.
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In Fig. 4 the shape of the sound shadows in a 3D space behind the obstacles: a
hard rectangular plate, a sphere and a circular cylinder, are described. The shadow area
represent the focusing of the sound energy and this could constitute a major acoustical
problem in many cases. Such a problem could not be observed by using pressure data
to present the acoustic field.

Fig. 4. The shape of the sound shadow in a 3D space behind the obstacles: a rectangular flat plate, a sphere
and a circular cylinder.

5. Acoustic radiation of surface sources

The ability of conducting tests for the near-field area with external noises paves
the way for the development of tests in real conditions. The wave properties described
in the field of the source working in its natural environment allow one to analyse the
field qualitatively as well as quantitatively, i.e. to evaluate its energetic distribution and
visualize the wave distribution in the tested area.

The radiation from mechanically excited structures is usually associated with reso-
nant of the modes, i.e. around their natural frequencies. The effectiveness of the sound
radiation by the vibrating surface is the total radiated sound power normalized on the
area and the velocity of surface vibration. As an example, for the ship accommoda-
tions the knowledge of the radiation characteristics of the partitions makes it possible
to determine the resultant noise level of the inside caused by structural sounds of the
partitions excited to vibrations. The sound power radiated by the structure can be mea-
sured directly by the intensity measurement technique. The images of the vector field
distribution illustrates not only in what frequency range the particular elements of the
construction radiate, but also how is the affect in the 3D field.

For the purpose of estimating their sound radiation characteristics, many structures
of practical interest may be modelled sufficiently accurately by rectangular, uniform
flat plates. Examples include walls and floors of buildings, factory machinery casings,
parts of vehicle shells, etc. Figure 5 presents the results of the experimental investiga-
tion of the acoustic energy radiation into a three-dimensional space by a free handed
rectangular plate mechanically excited by a point-force in the centre of geometry. The
visualization of the result is accompanied by images of propagation of the energy flux
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streamlines or the intensity wave head as the acoustic radiation by an excited plate in
the open space and at restricted field conditions.

Fig. 5. Visualization of the acoustic energy radiated by a rectangular free hanged plate excited mechani-
cally: intensity streamlines in a ribbon form and the wave head surface in front of the plate.

The hard flat plate of 0.6 m by 1.4 m was suspended on steal ropes fixed in the vicin-
ity of the corners of a shorter side of the plate. The point forcing, using broadband noise
of a constant amplitude of accelerations, was carried out by means of an electrodynamic
exciter whose head was connected to the geometric centre of the plate with a thin steel
bar. The SI measurement was taken with a fixed point method. The measurement space
of 1.1 m × 1.7 m × 0.7 m was divided in 1309 cubic spaces of0.1 × 0.1 × 0.1 m,
in the centre of which there were taken measurements of the componentsx, y, z of the
intensity vector.

Examples of graphic images of the vector field generated into the three-dimensional
space of a free hinged plate excited by a broad band noise is shown in Fig. 5, as intensity
streamlines in ribbon forms and as wave head surfaces in space for 800 Hz (the acoustic
image of the modal vibration of plate). Notice how these streamlines form a circular
pattern surrounding each primary vortex close to the plate. The sound intensity as an
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acoustic wave head surface in the three-dimensional space represents the noise flow
radiated by the vibrating plate.

6. Acoustic field inside the ship accommodation

In the evaluation of the interior noise of ships accommodation, an essential role
is played by the dynamic state of the partitions forming the cabins. Depending on the
mechanism of transmitting noise to the inside, the partition may be a source of airborne
noise (transmitted from the area behind the partition) or a source of structural sounds as
noise radiated by the vibrating structures (structure-borne noise). In practice, the noise
occurring in the ship’s accommodation comes mainly from structural sounds emitted
by vibrating partitions. The ship’s partitions, characterised by a high constructional
heterogeneity (partitions made of panels of sandwich structure, walls with windows
and doors), are surfaces of a heterogeneous distribution of vibrations, and the acoustic
power radiated by such a surface source may be determined experimentally. In this case
the sound intensity technique is a very useful tool in the research of noise abatement on
ships.

The sound intensity method offers the possibility to identify the structure borne
noise energy transmitted through different parts of the vibrating structure and is a useful
information in the study of the phenomena of the acoustic field inside the ship accom-
modations. The aim of the research is to show the estimation of the sound power radiated
from this partitions. As a result of the investigation a three-dimensional flow map of the
time-averaged active intensity vectors is illustrated by different graphical methods.

One of the main advantages of marine vibroacoustic control by means of sound
intensity analysis is that it enables one to identify the airborne and structure-borne en-
ergy transmitted through the different parts of the cabin partition, and to find the flank-
ing transmission paths and the vibroacoustic bridges as an acoustic weak area on the
considered partitions. This acoustichot pointsand flanking transmission paths in the
description of the energy transportation in real structures can not be find by the classi-
cal measurement method (with an acoustical pressure) and take play a very important
role in engineering problems of noise abatement in small enclosures. The measurement
technique as well as the way of visualization the results can enrich the knowledge of the
mechanism of the acoustic energy flux through the real ships partitions.

The test results for the acoustic energy distribution inside the ship cabin are shown
in Fig. 6. The selected results (for 200 Hz and 2500 Hz) described the sound intensity
radiation by the cabin wall with windows as streamlines in the 3D space shape of the
wave head close to the cabins window. Its shape confirms the fact that the directivity of
the radiation from the real cabin partitions into the inside area may be disturbed much
more than it results from the theoretical prediction models.

The noise occurring in the ship’s accommodation comes mainly from structural
sounds emitted by vibrating partitions. Ship’s partitions, characterized by high con-
structional heterogeneity (partitions made of panels of sandwich structure, walls with
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windows and doors), are surfaces of a heterogeneous distribution of vibrations, and the
acoustic power of such a surface source may be determined experimentally. By using
the SI method to measure the radiated sound power directly, it should also be possible to
determine the amount of the radiated sound power from different parts of the test parti-
tion. The usefulness of the sound intensity technique may be confirmed by the presented
results.

Fig. 6. The vector field inside the ship cabin – intensity streamlines in the cabin space and the intensity
wave head surface which radiated from the cabin wall with windows.

The application of the sound intensity technique and the inclusion of a vector distri-
bution image of the acoustic intensity characterizing the field may bring a new insight
into the evaluation of the field formation in small limited spaces, for which the acous-
tic conditions differ considerably from the analytic dependencies which describe the
phenomena occurring in a free or diffusive field.

7. Conclusions

Most acoustic vector fields encountered in practice are too complicated to be pre-
cisely modelled mathematically. The degree of discrepancy between the predicted re-
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sults and the real structure of the field formed over a barrier, grows proportionally to
the degree to which the simplified calculated assumptions differ from the conditions
encountered in reality. The differences result mainly from either the fact that theoretical
forecasting uses too sweeping simplifications or that it is impossible to obtain proper
data on the real physical features of the tested area. This is one of the reasons why the
experimental investigation fields using the sound intensity technique differ from those
obtained from numerical simulating models. The described results of the investigation
can enrich the knowledge of the scattering effects and of the influence of a partition on
the formation of the acoustic energy flux around the obstacles.

The sound intensity as opposed to the analysis of the pressure distributions fields
represents a more accurate and efficient solution if compared to the spatial sound fields
modelled by computer simulation methods. The acoustic intensity technique is also a
very useful method of the location of noise sources and provide the advantage that the
measurements can be made in almost any environmental without the requirement of spe-
cial facilities such as anechoic room, and the research can be made in the presence of a
parasitic noise. This attribute of the intensity method is very important in any industrial
acoustic investigations. The good agreement obtained by the experimental measure-
ments encourages to use this method more and more in the future to predict the effect
of the acoustic wave interaction on obstacles and the treatment of noise abatement in
living and industry accommodations.

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

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

Acknowledgment

The author would like to thank the Committee for Scientific Research (KBN), Poland,
for financial support (grant PB 8TO7B 05220).

References

[1] P. M. BURTON, G. F. MILLER, The application of integral equation methods to the numerical
solution of some exterior boundary value problems, Proc. Royal Soc., A323, 202–210, London 1971.

[2] L. CREMER, H. MULLER, Principles and applications of room acoustics, Applied Science, London
1982.



IDENTIFICATION OF REFLECTION . . . 203

[3] F. J. FAHY , Sound intensity, Elsevier Applied Science, London 1990.

[4] K. FUJIWARA, Steady state sound field in an enclosure with diffusely and specularly reflecting
boundaries, Acustica,54, 266–273 (1984).

[5] M. GENSANE, F. SANTON, Prediction of sound fields in rooms of arbitrary shape: validity of the
image source method, J. Sound Vibr.,3, 1, 97–108 (1979).

[6] B. M. GIBBS, D.K. JONES, A simple image method for calculating the distribution of sound pres-
sure levels within an enclosure, Acustica,63, 1, 24–32 (1979).

[7] Y. H IRATA , Geometrical acoustics for rectangular rooms, Acustica,43, 247–252 (1979).

[8] G. D. KERLICK, Moving iconic objects in scientific visualization, Proceedings of visualization’91,
124–129, San Francisco 1990.

[9] C. W. KOSTEN, The mean free path in room acoustics, Acustica,10, 245–252 (1960).

[10] H. KUTTRUFF, Room acoustic, Applied Science Publishers Ltd., London 1979.

[11] Z. MAEKAWA , Noise reduction by screens, Man. Faculty Eng., Kobe Univ.,II , 29 (1965).

[12] P. M. MORSE, K. U. INGARD, Theoretical acoustics, McGraw-Hill, New York 1968.

[13] H. A. SCHENK, Improved integral formulation for acoustic radiation problems, JASA,44, 1, 41–55
(1968).

[14] M. R. SCHROEDER, D. HACKMAN , Iterative calculation of reverberation time, Acustica,45, 269–
273 (1980).

[15] S. WEYNA, The vector analysis of acoustic fields of the reality sources[in Polish], Report for Com-
mittee for Scientific Research (KBN), Grant PB 7S10103507, 1996.

[16] S. WEYNA, An experimental investigations of acoustic fields scattered on the cubic obstacles[in
Polish], Report for Committee for Scientific Research (KBN), Grant PB 962/T07/97/13, 1999.

[17] S. WEYNA, Radiation efficiency characteristics estimated by sound intensity method, Archives of
Acoustics,18, 2 181–190 (1993).

[18] G. M. YAMASAKI et al., Visualization of computational fluid dynamics, CFD Review 1995, Wiley,
Chichester 1995.


