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Some features of underwater noise produced by ships in the shallow sea

Eugeniusz Kozaczka
Gdansk University of Technology, ul. Narutowicza 11/12 Gdansk, Poland, ekoz@amw.gdynia.pl,
Naval University of Gdynia, ul.Smidowicza 69, 81-103 Gdynia, Poland, ekoz@amw.gdynia.pl,

Grazyna Grelowska
Naval University of Gdynia, ul.Smidowicza 69, 81-103 Gdynia, Poland, ggr el @amw.gdynia.pl,

Jacek Domagal ski
Naval University of Gdynia, ul.Smidowicza 69, 81-103 Gdynia, Poland

The contribution of the ship traffic to the total ambient noiseis very visible. There are differencesin noise
propagation between and shallow water conditions. The work presents results of experimental research on
underwater noise generated by moving ships in the shallow sea. The underwater acoustic disturbances of
examined vessels are bound with mechanica activity of mechanism and devices mounted inside of the
vessdl shull. Also the influence of ship propéllersis taking into account. The present work is focused on
certain way of interpreting of underwater acoustic disturbances generated by objects of the classic
propulsion. The identifications of acoustic features of underwater spectrum and the way of propagation
may be made even more difficulties cause by the fact that various ships devices may be sources of waves
of similar or even identifiable frequencies. The knowledge about features of underwater noise generated
by the ship traffic give us possibilities to give some actions to control this noise.

1 Introduction

The modern system of underwater observation based
on passive watching of changes in the underwater
acoustic field provides large possihilities with respect
to increasing the safety in possible cases of its being
threatened, especially nowadays with ared spectre of
terrorist activity. Means of underwater observation
make it possible to detect, identify and classify sources
of acoustic waves, and so - of al dynamic objects, with
application of the passive technique; these means are
therefore undetectable by possible threat factors. One
of the basic factors that can constitute potential threet
is a mobile weapon, carried by objects sailing on the
water surface and underwater.

The content of the present work is focused on a certain
way of interpreting underwater acoustic disturbances
generated by objects of classic propulsion. Particular
attention has been devoted to acoustic disturbances of
smal and medium frequencies propagating in a
shallow sea.

2 Characteristics of avessel's
acoustic spectrum

The acougtic field of moving vessels or ships changes
along with the change of their speed and is bound with
the mechanical activity of wave sources mounted in the
ship’s hull (main engines, current generating sets,
gears, pumps, shafts, pipelines, ventilation channels
etc) and of hydrodynamic sources like the ship's
propeler, the hull’s flow around [4 ].

247

The identification of sources of underwater noise
generated by the moving vessel, with various devices
mounted on her, is a complex subject and continues to
be an object of systematic research [1, 2, 3]. In the
structure elements of the ship the propagating vibration
energy interferes with acoustic waves originating from
various sources, which makes their identification even
more difficult.

A method of identifying the vessel’s underwater noise
is a penetrative examination of its spectrum. From
measurements carried out, some characteristic
components can be singled out, which are strictly
bound with the working of mechanisms and devices
mounted on the vessel. The continuous spectrum,
which reflects the work of the cavitating ship propeller,
turbulent flows in pipelines, ventilators, friction in
dlide bearings etc. aso constitute an object of interest.
In practice, it is difficult to identify underwater noise.
The vessal’s own noise “sums up” with technical noise
originating from the surround ships environment, the
shipyard industry or the working of aharbour. Thereis
also noise of natural origin: wave motion, wind, rain
and so on. The identification of acoustic spectrum
components may be made even more difficult by the
fact that various ship devices may be sources of waves
of similar or identica frequencies. ldentifying the
propagation of waves contained in the continuous
spectrum of a ship in motion is significantly more
difficult to interpret. The acoustic waves coming from
cavitating screw propelers, the hull’s flow around,
turbulent flow of air and liquidsin a vessd’s pipelines
propagate in a wide frequency range. Apart from that,
numerous transient processes generate acoustic
disturbances, which are difficult to interpret.
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This work presents results of research on the
underwater noise of moving vessels registered on
acoustic measurement range. During measurements the
ships move on set trgjectories through the measurement
range on a course and counter-course at constant
settings of the vessdl’s propelling system. The set
dynamic quantities of the vessel reach a minimum of
300 meters before the measurement antenna and do not
change it on a section of at least 600 meters (300
meters behind the measurement antenna). A constant
recording of acoustic pressure is performed in a certain
distance interval before the unit’s bow and behind the
stern. Information obtained in this way permits to
characterise the underwater disturbances of a given
unit in a good way. The unit selected for presentation
was the one that sailed through the measurement range
with a working main engine at rotation speed n =12.5
[1/s] and deflection angle of the propdler blades equal
t0 3,4, 7.5. With these settings, the vessel reached the
sailing speeds 3, 4, 6 [m/s] respectively. The passages
for this unit have been presented on spectrograms in
Fig.1.
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frequency range has been narrowed from 4 [Hz] to 2.8
[kHZz], and the registration time after transformation
has been presented as the distance covered by the ship
in motion. In places where “the loudest” part of the
vessdl noise was above the recelver, spectra have been
selected out of the spectrogram which are presented in
Fig. 2
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Figure 2: Spectra of underwater noise singled out of
spectrograms (made at locations marked with black
lines on the spectrograms)

where: 1- spectrum obtained from spectrogram 1 made
at sailing speed 6 [K],

Distance [m)]

+75

75

4 16 B3

Vessel’s sailing speed [k], screw setting 3
engine P+L n = 125[l/s

[Hz]

[dB1 00U Ps]

— 150
— 142
— 134
— 126
—11&
— 110
— 102
— 940
— &6.0
— 750
— 700

1k

Distance [m]

+75

15

4 16 B3

Vessel's sailing speed 8
Engine P+L n = 125[1/s

[k]. screw setting 47

[dB1 00U Ps]

— 150
— 142
— 134
— 126
— 1&g
— 1o
— 102
— 4840
— &6.0
— 75.0
— 700

1k

Distance[m] E

+75

Vessel's sailing speed 12

[k], screw setiing 75
ine P+L n = 125[l/s

[dB1 00U Ps]

— 130
— 142
— 134

Figure 1: Spectrograms of underwater noise obtained during testing a vessel on amobile measurement range made at
rotation speed of main enginesn = 12.5[1/s] and respective screw settings 3, 4 and 7.5

The applied software settings made it possible to
collect and analyse the courses, duration time 60.73 [5]
of underwater noise. On the spectrograms presented the
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2- spectrum obtained from spectrogram 2 made at
sailing speed 8 [K] (signal damped by 40 [dB]),

3- spectrum obtained from spectrogram 3 made at
sailing speed 12 [K] (signal damped by 80 [dB]).
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Two images are visible in these figures. In the range up
to about 100 [Hz] we can |ocate characteristic spectrum
components related to work of the propelling systems.
The technique applied, however, made it difficult to
identify these acoustic waves. This is why in order to
characterise them more accurately, the analysis of the
first area was performed using filters with constant

bandwidth and resolution 0.25 [Hz].
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Figure 3: Spectrum of underwater noise registered on a
dynamic polygon with rotation speed of main engines
n=12.5[1/q]

where: 1- spectrum made at sailing speed v = 6 [K] and
screw setting 3,

2- spectrum made at sailing speed v = 8 [K] and screw
setting 4 (sgna damped by 30 [dB]),

3- spectrum made at sailing speed v = 12 [K] and screw
setting 7.5 (and screw setting 60 [dB]).

Kozaczka, Grelowska, Domagal ski

3 Propagation of acoustic waves
gener ated by a moving wave sour ce
in a shallow sea

During underwater research on acoustic disturbances
consisting in determining 3-D noise characteristics in
the system of frequency, distance, intensity, there were
observed characteristic lines bound with energy
concentration, which assume the shape of hyperboles,
where the frequency axis is one of the asymptotes.

During detailed research made for ships of three
classes, with various main propulsons (compression-
ignition engines and turbines) on various measurement
depths and different saling speeds, there could be
observed numerous characteristic lines visible both
during the vessdl’s approaching and sailing away from
the sensor. The characteristic lines represent locally
higher densities of acoustic energies with specific
features of wave propagation in a shallow sea.

These lines are more visible when the way covered by

the vessedl is longer. The spectrograms with the
discussed area have been shown in Fig. 4.
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Figure 4: Spectrogram obtained during the testing a vessel on a mobile measurement range established at the depth
h=10 [m] (measurements made at the speed v = 13 [K])
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An object moving away from the log was sdlected for
the research. The applied analyser software made it
possible to watch spectra registered every 1 [9] in the
frequency range from 4 to 1600 [Hz] with 4 [HZ]
resolution. An example of a spectrogram obtained from
this research has been presented in Fig. 5. The time
axisis presented as the distances of the vessel from the
acoustic sensors. Waves of frequencies 160, 200 and
250 [Hz] have been marked with cursorsin the figure.
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Figure 5: Spectrogram obtained during the vessel’s
moving away from the dynamic polygon
(measurements made at sailing speed v = 9.3 [K] at
depth h =11.75 [m])

The examinations have made confirmed the
assumptions about the formation of acoustic rays in
water medium as a result of multiple reflections of
waves with various lengths from the medium’ s limits.

4  Conclusions

It has been shown in thiswork that in a shallow seait is
possible to identify acoustic waves attendant on the
vessd's working propelling systems and auxiliary
mechanisms. Extensive trials carried out on dynamic
measurement range have shown that on the basis of
underwater noise measurements in most cases it is
possible to identify in the hydroacoustic field structure
of the vessal characteristic components connected with
the work of main engines, shafts, ship propellers, and
also from working generators. The applied method of
identifying hydroacoustic waves connected with the
work of machines and devices mounted on the ship,
which consists in simultaneous measurement of
vibrations and acoustic pressure, tied on a
measurement range, made it possible to accurately
identify the frequency of these waves.

Research on continuous spectrum done for various
vessels at various measurement depths has shown that
in a shallow sea it is possible to describe theoretically
the propagation of these waves.
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