Acoustical investigation of aquatic fittings
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Abstract: - Water is an indispensable element for the life. This contributes to the appearance and
development of many phenomena, some of them accompanied by acoustical exhibitions. These ones are
received by the human being through his senses. In this paper, some considerations upon the realization
of ambient comfort generated by aquatic displacements are obtained by means of their acoustical

investigation.
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1. INTRODUCTION

Water is an indispensable element for the
existence of life forms. This appears under all
aggregation forms. Her participation in the
developments of many phenomena is received by the
human beings by means of his senses.

The motion of the water in an elastic
environment makes this to become a perturbation
source when interacts with the environment
generating acoustical waves and consequently an
acoustical field. Identification of this perturbation is
performed by the human beings by means of the
auditory organ. Investigation of the acoustical field
generated by aquatic motions as sources can be
made involving measurement and control electronic
devices.

2. WATER MOTIONS AS ACOUSTIC
SOURCES

Water motions confer it the character of
perturbation source generating acoustical waves.
The nature of these motions depends on the
aggregation form of the water. Thus, the
phenomenon of the change from the liquid form into
the gaseous form through boiling is happens
generating characteristic sounds. The exhaust of
water vapors through small diameter orifices is
accompanied with specific noise. Similarly, the
collisions of clouds characterized by a lot of
lightnings and thunderbolts are generating acoustic
waves.

Under his liquid form, the water participates to
different motions: the rain falling generates a

characteristic noise during the impact between rain
drops and some surfaces, the motion of the water in
not very deep rivers with an inhomogeneous relief of
the river course, the motion of the billows, the
motions of the water in artesian wells etc.

Under the ice form, the water behaves as a solid
body appropriating the solid properties concerning
the propagation and attenuation of acoustic waves.
In this way it must be emphasized the noise
generated at the impact of ice lumps with other
bodies as well as hailstone fallings.

In the same time, snow fallings unaccompanied
with snow storms are silent phenomena and the
presence of snow of different thickness contributes
to noise attenuation.

Each one of the above mentioned phenomena
where the water participates in under different
aggregate forms is characterized by specific spectra
and sound pressure levels. Depending on these ones,
the corresponding phenomena create a comfort or
discomfort climate for people.

3. PROPAGATION
WAVES

OF ACOUSTIC

The perturbation generated by water motions
under different aggregate forms propagates in the
environment under the form of spherical and
cylindrical waves. At long distance from the source
this propagations is made under the form of plane
waves.

In case of perturbation propagating as spherical
waves in an elastic, homogeneous and isotropic
environment, the acoustical pressure in a point of the
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acoustic field can be determined with the

expression [4]

p :poa)ésin(a)t—kr—i-a) (1)
r

where r is the radial coordinate, A is the amplitude
of spherical wave having the frequency
f = o/ 2n which propagates from the source with
the speed ¢ and k = @/ cis the wave number.

In the same time, there appear some cases when
perturbation generated by water motions propagates
under the form of cylindrical waves.

In this case, when the cylindrical waves
propagate uniformly, the acoustic pressure in a point
of the acoustic field can be written as [4]

p = AL, (kr)+ jY, (kr)le " )
where r is the cylindrical coordinate, A is a constant,
Jo is the Bessel function of the first degree and zero-
th order and Y, is the Bessel-Neumann function of
the second degree and zero-th order.

At short distance from the source Eq.(2) becomes

p= j(%j In(kr)e " ?3)
w

while for long distance from the source it reads

p:A %ej(krwtﬁ/ﬂ (4)

In the same way, taking into account that the
propagation of the perturbation can happens under
the form of plane waves and considering only the
case of the divergent wave, the acoustic pressure in
a point of the acoustic field is given by [4]

p = p,@Asin(wt — kx + @) ®)

Propagation of spherical, cylindrical and plane
waves is characterized by the variation of the
acoustic pressure in a specific point of the acoustic
field. If we consider that the acoustic pressure at a
given moment is p, then the instantaneous level of
acoustic pressure in a point of the acoustic field is

L=201g 2 6)
Po
where pg=2¢10" [N/m?] is the reference acoustical

pressure.

Using the instantaneous acoustic level one can
compute the equivalent acoustic level of the noise
corresponding to an equivalent intensity which
would be constant during the whole period of time
T, defined by the expression

_ lT 0,1L(1)
Lech_lolg[?llo d (7

As it can be observed from Eq.(7), for
determining the equivalent noise level it is necessary
to know the instantaneous acoustic level.

Effectively, the equivalent noise level can be
obtained through computations using Eq.(7) or it can
be measured using for instance the B&K 2250
analyzer made by Bruel & Kjaer from Denmark,
which allows the measurement and recording of
many characteristic parameters of the noise as well
as the spectral analysis in frequency bands of 1/1 or
1/3 octave.

4. IMISION OF ACOUSTIC WAVES

The acoustic waves generated by water motions
under different aggregate forms are received by the
human beings through the auditory organ.

For the assessment of the sensations produced by
the acoustic waves, it must be taken into account the
characteristics of the constitutive parts of the
auditory organ. In this way, the auditory duct
behaves as a sonorous tube opened to an end and
closed at the other by a vibrating membrane, namely
eardrum. The auditory duct has a resonance
frequency approximately equal to 3000 Hz. Because
of this resonance to frequencies around 3 kHz, the
acoustic pressure in front of the eardrum is almost
10 dB bigger than the acoustic pressure at the
beginning of the duct. The resonance curve being
not very sharp, some gains of pressure are obtained
in a larger band of frequencies starting from 2000
until 6000 Hz. This explains the growing sensibility
of the auditory organ of human beings in this
domain of frequencies. Because of this enhanced
sensibility of the auditory organ, sounds having
frequencies in this domain are more annoying for
people. In the same time, there are annoying for
people sounds having a high level of intensity
approaching or even exceeding the threshold of
painful sensation.

By investigating acoustic fields generated by
perturbation due to water motions under different
aggregate forms one can establish if these ones
generate a  comfortable or uncomfortable
environment for people.

4. INVESTIGATION OF THE ACOUSTIC
FIELD

Taking into consideration the large number and
the variety of noise generating phenomena involving
the presence of moving water under different
aggregate forms, as well as the nature of the acoustic
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wave generated, the acoustic fields which form are
extremely complex and their study is indicated to be
performed experimentally.

In this way, there were investigated acoustic
fields generated by water motions under different
aggregate forms for artesian wells, the motion of the
water in not very deep rivers with an
inhomogeneous relief of the river course, the motion
of the billows, rain falling, thunders etc.

The investigation was performd using the B&K
2250 analyser made by Bruel & Kjaer.

The period of measurements was established so
that to be representative for the noise generated by
the specific phenomenon.

During measurement the microphone was
mounted in the position where the auditory organ of
the person receiving the noise is placed.

For each investigated phenomenon we obtained
the diagrams of noise levels variation in time, the
diagrams of spectral distribution of the noise in
frequency bands of 1/3 octave, the diagrams of
statistical distribution of the noise levels as well as
maximum and minimum time and frequency
weighted noise levels, the peak noise level, the A
weighted continuous equivalent noise level, some
time and frequency weighted acoustic levels, sound
exposure levels and percentage noise levels.

In the same time there are also determined the
meteorological parameters (the wind speed, the
humidity and the temperature) for each of the
performed testing.

6. ANALYSIS OF THE RESULTS OF
MEASUREMENTS

In the followings we present the results of the
measurements performed in order to investigate the
acoustic fields generated by water motions at
artesian wells, the motion of the water in rivers with
an inhomogeneous relief of the river course, the
motion of the billows, rain fallings, thunders etc. In
table 1 there are presented the values of equivalent
noise level characteristic for the above mentioned
acoustic fields.

Table 1. Values of the equivalent noise levels

Lecr [dB]
Phenomenon Near
At source P
building
Artesian well Mechanics Faculty 61,6 55,6
Artesia well Cardinal Points 69,7 66,7
Artesian well Olimpia Hall 72,1 69,8
Water motion in a river 66,2 -
The motion of the billows 67,5 -
Rain falling 44,9 44,9
Thunder - 48,2

phenomena, Figs.6-10 show the diagrams of spectral
distribution of the noise for the same phenomena
while Figs.11-14 show the statistical distribution
diagrams for recorded noise levels. Following the
results of performed measurements it can be
observed that the equivalent noise levels generated
by these phenomena took values situated between
449 and 72,1 at the source and between 44,9 and
69,8 near the building.
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Figure 1. Diagram of time variation for the noise level
generated by artesian well from Mechanics Faculty
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Figure 2. Diagram of time variation for the noise level
generated by water motion in a river
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Figure 3. Diagram of time variation for the noise level
generated by the motion of the billows
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Figura 4. Diagram of time variation for the noise level
generated by rain falling
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Further, Fig.1-5 present the diagrams of time
variation of noise levels for some of the investigated
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Figure 5. Diagram of time variation for the noise level
generated by thunder
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Figure 6. Diagram of spectral distribution in frequency
bands of 1/3 octave of the unweighted noise measured for
the artesian well from Cardinal Points, Timisoara
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Figure 9. Diagram of spectral distribution in frequency
bands of 1/3 octave of the unweighted noise measured for
rain falling

Figure 7. Diagram of spectral distribution in frequency
bands of 1/3 octave of the unweighted noise measured for
water motion in a river
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Figure 10. Diagram of spectral distribution in frequency
bands of 1/3 octave of the unweighted noise measured for
thunder
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Figure 8. Diagram of spectral distribution in frequency
bands of 1/3 octave of the unweighted noise measured for
the motion of the billows

Figure 11. Diagram of statistical distribution of noise
levels generated by the artesian well from Mechanics
Faculty at Timisoara
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Figure 12. Diagram of statistical distribution of noise
levels generated by water motion in river
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Figure 13. Diagram of statistical distribution of noise
levels generated by the motion of the billows
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Figure 14. Diagram of statistical distribution of noise
levels generated by rain falling

Analysing the diagrams of spectral distribution
one can conclude that the noise generated by
artesian wells is characterised by spectral
components having frequencies lower than 125 Hz
and others components included between 500 and
2000 Hz, the noise generated by the motion of water
in river has a frequency lower than 500 Hz, the noise
generated by the motion of the billows has a
frequency lower than 125 Hz and other components
included between 500 and 2000 Hz, the noise

generated by rain falling has a continuous spectrum,
but components of bigger intensity are those of
lower frequency and finally, in the case of thunder,
the components are of very high intensity.

The spectra of the noise generated by artesian
wells, the motion of water in river, the motion of the
billows and the rain falling remarked by the absence
of predominant components between 2000-6000 Hz,
there are not annoying for people and moreover,
they generate a comfortable environment.
Contrariwise, the noise generated by thunder has
components of high intensity, which make them
annoying or even insupportable for people.
Therefore, the artesian wells, the motion of water in
rivers, the motion of billows and the rain falling are
phenomena which generate a comfortable
environment for people and their listening if
beneficial. Their development could be recorded on
magnetic tape or by means of other recording device
and replayed later in order to generate an ambient
comfort.

4. CONCLUSIONS

Water motions under its different aggregate
forms constitute sources generating acoustic fields.
These ones can be investigated using appropriate
devices, such as the B&K 2250 analyser made by
Bruel & Kjaer from Denmark.

After investigating these fields one can establish
if these ones generates comfortable or
uncomfortable environments for people. The noise
found to be beneficial for the ambient comfort can
be recorded and artificially replayed later under a
form of acoustic therapy.
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