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Abstract: The results of measurements of scalar - vector cha-
racteristics of the ambient noise acoustic field in deep ocean
areas over the range of 1-800 Hz are presented. The subject of
investigations were the ambient noise energy in the part of the
ocean wave-~guide that lied between the surface and the underwa-
ter sound  channel axis 1lying at the depth of the order of
1200 m. A telemetric drifting autonomous system with combined
receivers was used in the investigations. A combined receiver
consisted of a scalar receiver (hydrophone) and a vector recei-
ver of three components particle velocity. Our studies revealed
that ambient noise energy transport in the vertical plane occur-
red in three main directions: 1) over the range of 1-12 Hz it
proceeded from the underwater sound ghannel axis to the ocean
surface 1in the angles range of 0 -30 ; 2} over the range of
32-141 Hz it proceeded from the sea surface Bo 3he underwater
sound channel axis in the angles range of 0 -40"; 3) over th%
range of 282-800 Hz noise energy fiux made an angle between 10

and 30" with z axis, and its horizontal component coincided with
wind wave propagation direction over the range of 447-800 Hz.
Over the range of 282-355 Hz horizontal component of the noise
energy flux coincided with ripple direction and over the range
of 562-800 Hz it did with the propagation direction of wind
surface waves.

1.INTRODUCTION

The results of experimental investigations of scalar-vector
characteristics of underwater ambient noise in deep open ocean in the
frequency randge of 1-800 Hz are presented here. The investigation
technique is based on simultaneous measurements of pressure P(t) and
the particle velocity components Vx(t), Vy(t), Vz(t) at a point of

the acoustic field and their a subsequent statistica; cross—analysis.

We consider two components of intensity vector I(t){Ix(t),Iy(t),
Iz(t)): the horizontal component Ixy(t) = (Ii(t) + Ij(t))“2 andvthe
vertical one Iz(t). The azimuth and the polar angles of the energy

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:19945282



http://www.edpsciences.org
http://dx.doi.org/10.1051/jp4:19945282

C5-1274 JOURNAL DE PHYSIQUE IV

flux density vecior (iniensity vector) are: gl(t)=arctnil (t)/Ix(t)},

8(t)=arctn(lxy(t)/lz(t)). Values |Ixy(t)|, |I,(t)| and angles o(t),
#(t), calculated for some frequency range Af are value and direction
characteristics of ambient noise energy flow in the ocean

waveguide over the frequency range Af.

As it was stressed previously [1], ambient dynamic energy flow
(in the frequency range of 200-800 Hz) proceeds in two different
directions : vertical one (from sea surface roughness to bottom) and

horizontal one, coinciding with the direction of wind surface
roughness propagation. In this paper the authors examine the temporal
dependencies of ¢(t) and §(t) for ambient noise energy flow in

different frequency over the range of 1-800 Hz.
The measuring facilities and technique are described in [11}.

2.RESULTS OF INVESTIGATIONS
The time dependencies of both the azimuth angle ¢(t) of noise
energy flow horizontal component Ixy(t) and the polar angle #(t) of

filux density vector T(t} for eight frequency ranges are ~shown in
Figs. 1,2: 1) 1-5 Hz; 2) 5-12 Hz; 3) 32-64 Hz; 4) 56-112 Hz; 5)
112-141 Hz; 6) 282-355 Hz; 7) 447-562 Hz; 8) 562-800 Hz.

Present the results of noise measurements carried out in the
South-Chinese sea. Figs. 1 and % show the results obtained in the
deployment site at 18 40’N, 115 °57’E in May,89. Conditions of the
experiment are as follows: depth - 3600 m; the underwater sound
channel axis lies at a depth of 1200 m; the near-surface sound speed
is higher than the near-bottom sound speed; wind speed - 12 m/s;
steady-state surface roughness, swell; wind waves and swell
propagation directions differ by not more then 15 ; measuring
devices are mounted at 3500 m depths; the direction of the combined
module axis x coincides with surface wave propagation direction; the
combined module axis z is vertical and is directed from surface to
bottom.

For all frequencies the time of averaging was 120 s. As Figs.
1,2 show, there are three general directions of ambient noise energy
flows in both vertical and horizontal plates. Frequency ranges,
corresponding to each direction are: a) 1-12 Hz; b)) 32-141 Hz;
c) 282-800 Hz.

The polar angles #{t) for each group are well defined. Noise
energy flow in the frequency range of 1-12 Hz (Fig. 2) makes an
angle between 0O and 30 with the horizontal plane (the angles are
measured up from the horizontal plane). Thus the noise energy motion
direction in the frequency range of 1-12 Hz in the n%?r—surface
layer of the wave-guide makes an angle between 0 and 30 with the
ocean surface. Consequently acoustic noise sources in this frequency
region are placed either on the ocean bottom or within its thickness.

Noise energy flow in &he freq%ency range of 32-141 Hz (Fig. 2)
makes an angle between O and 40 with the horizontal plane (the
angles are measured down from the horizontal plane). Hence, the
resulting noise energy flow is in the near surface layer of the wave
guide and is headed to the underwater noise channel axis. It is well
known that the distant navigation is the noise source in this
frequency range.

Noise energy flow ve%tor in the frequency range of 282-800 Hz
makes an angle between 0O and 30 with z axis (according to the
extent of surface roughness) as Fig. 2 illustrates. It is well known
that the dynamic processes occurring in the near-surface ocean layer
are the main noise sources in the frequency range of 200-800 Hz. Our
investigations show that the noise energy flow vector in the
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Fig. 1. The time dependence of azimuth angle ¢ of
the noise energy flux vectoy in the eight frequency
ranges. Wind speed is 12 m/s, Experimental depth’is
500 m. Exponent averaging timeis. 120 8. The degig—
nations of the frequency ranges are in the text.
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Fig. 2. The time dependence of the polar angle §

of the noise energy flux vector {corresponding
to Fig.1).
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frequency range of 282-800 Hz makes an angle between 0% and 30° with
z axis (according to the extent of surface roughness), that is, the
acoustic noise energy in this frequency range is transported from the
surface roughness to the bottom. In this frequency ranges the
direction of the energy Ixy(t) horizontal component as is shown in

{1} coincides with the surface wind roughness propagation direction
(wind direction). In the frequency ranges of 447-562 Hz and 562-800
Hz the directions_of energy transports in the horizontal plane differ
not more than 10  as Fig._1 illustrates. Energy transports proceed
inside the angle between 0 and 10, that is, in directions close to
the x axis coinciding with wind speed direction. In the frequency
range of 282-355 Hz energy transport coincides with ripple direction.
Fig. 1 illustrates the situation when the anq}e getween wind wave
direction and ripple direction is in range 10 -15". As expected in
the papers [2,3] re-scattering of the initial acoustic field from the
surface roughness is the mechanism of horizontal noise energy flow
generation. It is supposed, the character of the initial acoustic
field re—-scattering in the wind wave propagation direction
(”forward”} differs from the one in the opposite to the wind wave
propagation direction (”backward”). The horizontal energy flow value
is 0.01-0.1 of the total noise energy flow value (in accordance with
the extent of surface roughness, indicating slight differences
between mechanisms re-scattering from the surface roughness in the
»forward” direction and the ”backward” one.

The time dependence of the azimuth and polar angles of signal
energy flow (signal frequency is 404 Hz) are shown in Figs. 1,2. In
the pressure spectrum the signal exceeding over the noise is equal
to 8-10 dB, in the cross spectrum it is not more then 18 dB. As
illustrated in Fig.1, the azimuth angle value remains constant,that
is, the acoustic measuring module is motionless in the course of
observation. The signal is shut down when t=600 s. In Fig. 1 the
azimuth angle of 404 Hz signal is not exhibited after t=600 s.
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