" Proceedings of the Institute of Acoustics

AMBIENT NOISE ENERGY MOTION IN THE NEAR-SURFACE OCEAN LAYER

V. A. Shchurov

Pacific Oceanclogical Institute
Far Eastern Branch of the

USSR Academy of Sciences

7 Radio Street

Vladivostok 690032, USSR

ABSTRACT. This paper examines the energy properties of the
ambient dynamic noise in the near-surface ocean layer to
the depth of 1000 m (above the underwater sound channel
axis) over the frequency range of 200-800 Hz. It is shown
that noise anisotropy in the vertical plane is due to the
energy flux of the surface-to-bottom direction; the noise
anisotiropy in the horizontal plane is associasted with sur-
face waves propagation direction and is due to the hori-
zontal noise energy flux; the vertical and horizontal
energy fluxes are noncorrelated.

A mechanism of the horizontal energy flux formation
induced by scattering of the ambient noise primery fields
on & rough ocean surface is proposed.

The investigation technique is based on simultaneous
measurement of pressure p(t) and the particle velocity
components Vy(t) , W(t) and Ve(t) at a point of the
acoustic field and their subsequent statistical cross-
analysis.

The studies have been conducted in the Pacific ocean
and its marginary seas as well as in the Indian oceazn. The
detected properties are characteristic of deep open water
areas of seas and ocesans.

INTRODUCTION

The ambient noise acoustic field can be represented in the
general case by the superposition of three fields, namely:
active, reactive and diffuse. The active field is g run-
ning wave field describing energy transfer in the oceanic
waveguide. Reactive field is the standing wave field cha-
racterizing the energy accumulated by the field in the
waveguide. The diffuse field is the field of statistically
independent sources of equivalent power symmetrically
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arranged in space relative to the measurement point whose
energy as well as the energy of the reactive field is as-
sociated with the waveguide and is not transferred in spa-
ce. The superposition of the active and reasctive fields
represents the anisotropic part and the diffuse field the
isotropic part of the acoustic field. The sum of the aniso-
tropic and isotropic components represents the total field
of the ambient noise.

The correlation of the active, reactive and diffuse
components in the total field is defined from the cross-
analysis of the four field components: acoustic pressure

Q}t) and three orthogonal particle velocity components
w(8) , Vy(t) and V,;(t) measured simultaneously at the
same point of the field.

The components of the real part of the energy flux
density vector responsible for the energy transfer are
written in the familiar form

I = "3‘ Re( pvy')
Io= 4 Re(pwy)

I, = & Re(pvy)

w_xl}ereVV; ) 'V.; ’ V; indicate the complex conjugates of Vi,
Y *Yz -

The components of the imaginary part of the energy
flux density vector

Qx 3% Im (PV;)
Qy= 4 Im (pv})
Q= 4+ Im (pVi)

characterize the power per unit area accumulated by the
field.

The description of the field in the frequency region
includes the crogs-analysis of the random processes P(t),
Vg (1), ve®) 5 Vo(E)

- autospectre and cross-spectra:

SP" ’ SV", nSPV; ,SPVx 5 SPVz ,SV,V,,SV;:V;_ » vavz.

- the usual on%fpoint coherence functions
2 | S35 ($) | e 1.7 b Vo V.. .
Tit(f) = g \. where I,J =P, Vx,Vy ,V; ; and
40 $1:§)-S3(§) 14]j

- phase spectra
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» where I = X,Y,E

Pouy () =oclg | Im(pV™) /Re (pUY") |

d
The spectral diffuse field density.Sp;(f) is deter-
mined %ﬁ the spectral density dﬁgference oo
tal § ?_(f) and anisotropic 'SP'L (-f) flelds['T]

P
dt tot an o
S =) -s3(5)
1. ANALYSIS_OF'EIPERII\&ENTAL DATA |

Consider the ambient dynamic noise energy propertias typi-
cal for deep open water areas of seas and oceans, The mea-~
surements were conducted in the layer adjacent to the -
ocean surface (&t depths from 100 to 1000 m) above the un-
derwater sound channel axis. The areas of studies were the
Pacific ocean and its maerginal seas and the Indian ocean.
The measurements were carried out at the near-surface wind
speeds of 1-12 m/s. The noise properties in question cor-
respond to the steady-state surface roughness, provided
that the near-surface wind speed, wind waves and swell
propagation directions differ by not more than 15°.

To snalyse the noise, ye ghall use the common one-
point coherence function ]{;5(5 11L,j=PVx Vv,V ;, 3£) ,
phase spectra €ij(§) , I’J =Vy,Vy ,Va and the algorithm
of calculati£§ the diff%s fielgmfpectral density level

S35(f) = S% () -STR()

Present the results of noise measurements carried out
in the Bouth-China sea. 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
gpeed - 12 m/s; steady-state surface roughness, swell;
wind, surface waves and swell directions coincide; measu-
ring devices (two combined modules) are mounted at 250 and
500 m cepths; the directions of the combined module axesX
coincide with surface wave propagation direction; the
combined module axes Z are vertical and directed from
surface to bottom.

‘ [1T23 measuring facilities and technique are described
n y&,le o

Fig. 1 presents coherence functions and their respec-
tive phase specira for the measurement depth of 250 m.

Prom Fig. 1 it can be seen that the coherence functi-
ons and phase spectra for the orthogonal X ,Y and Z
directions depend on frequency differently. Consider the
frequency range of 200-600 Hz in which the distant ship-
ping noige can be neglected.
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depth. Z. g. in the South-China sea between the depths of
250 and 500 m over the frequency range of 400-€00 Hz the
energy flux level variations made up (-1.37 % 0.20) ¢é3 for
the vertical and (+1.£2 £ 0.20) ¢B for the borizontal one.
The variation of the noise energy density level amounted
to (+0.42 = 0.40) dB, which sllowed one to consider it to
be independent of depth in the range of 400-600 Hz. It
ghould be added here that the vertical _and herizontal
energy fluxes are noncorrelated { 1,3,4].

2. A POSSIBLE MECHANISM OF HORIZCNTAL DYNAMIC NOISE ENERGY
FLUX FORMATION

The coincidence of the directions of surface wind wave
provagation and horizontal ambient noise energy flux sug-
gests that the anisotropic properties of surface waves
give rise to anisotropic properties of noise field in the
horizontal plane.

If the surface wave propagation direction coincices
with the positive +X axis direction, the directionms +X
and ~X are physically different. As to +Y and -¥Y
directions, they can be considered in this case physically
equivalent on the average. Hence, the resultant energy
flux along the Y axis must be equal to zero which is
shown by the experiment, i.e. Ivyy =Isywn —I-Y,N =0
where Tvw~ is the averaged resultant noise erergy flux
component * Ta in the Y <cdirection in a certain frequ-
ency band; and and - are the averaged
noise energy Iryv’ flux I LN components in the+Y
ané -~Y directions, respectively.

The resultant noise energy flux along X  axis, as
it is shown by the experiment, is not always equal to
2eTro

Ix,/v = I+x,/v "I-x,/v >0 I+)r.,# > 1 -X N

The obtained experimental result can be accounted for
by different scattering of the primary noise field of sur-
face sources in the direction of surface wave motion and
against it. The magnitude of the resgultant noise energy
flux in the horizontal plane Ix;v(?) will be proportio-
nal to the difference of sound Bcatlering coefficients

AMm (§) in the +X and -X directions and the enmergy

flux value IX,N(:{)N am(0) I”(]t)

where @ is the local angle of the sound incident on the
surfece. For a slight sea roughness one can write

am(8y= (?3mM(6) /96 4B
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Usging the expressions obtained for and AM(H
and defining IX,N (‘E) (0)

I}-{,N({‘)/.[N 'f) = ?vax(jf)
3¥W({)'“ gl A9

The dependence of the ?rPVx(f) function can be ex-
pressed relative to a certain fixed frequency f

T, () = o (f)- Bmy©)/26) /(3my 8 /30 )

The greatest contribution to the horizontal noise
energy flux is introduced by the directions with small
slide angles with respect to the undisturbed surface. And
if we assume that under such conditions the coefficient
mM(e) is close to the reflection coefficient in the mirror
direction at a sliding incidence and a large-scale sea
roughness [ 5], we obtain the following frequency function

for 'G‘Wx(f) va( f ( ) K‘va ( f \

The equatlon ocbtained, as one can see from Fig., 1 (ourvea
1,7), is in good agreement with the experiment.

we write
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Figure 1. Coherence functions and the correspond:l.ng phase
spectra Averaglng time 1s 200 ,5°

TPVx LPP'V ? WPVY ? LPFVy » 5 - Tpvz ’

6 - LPPV , and 7 - a theoretical curve 'X‘
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By the nature of the coherence function and phase
difference spectra (¥Fig. 1, curves 1,2,3,4,5,6) one can
draw the following conclusion about the energy properties
of the noise fields:

1. The vertical particle velocity component Vz(t) and
the acoustic essure P(t are in-phased random proces-—
gses ( Lva_,_gf)z‘IO", curves 5,6) and so they form the
running wave field in the vertical plane carrying acoustic
energy from the noisy surfasce to the bottonm.

2. The horizontal particle velocity component Vx(t)
and P(t) (curves 1,2) ( X axis is oriented in the di-
rection of surface wave propagation) at a frequency of
€00 Hz and more, have the phase difference of 45° which is
the result of statistical averaging of the instantaneous
phase difference Wpux (f) that takes the values in the
range 0°-90° with equal probability. The phase difference

wpvx(f) = 45° is due to the appearance of the resultant
running wave propagating in the positive direction of the
axis as a result of the superposition of opposing run-
ning waves of the noise field along X. axis. The resultant
running wave originates an energy flux (in the positive
?irectig% of X axis) that grows linearly with frequency
curve .

3, The phase difference lP\@({) of the horizontal
article velocity component'vy(i) and p(t) (curves 3,4)
1() Y axis is perpendicular to surface wave direction) is
about 90° in the frequency range of %50-700 Hz and about
0° at a frequency over 700 Hz. The phase difference

Q@pvy (§) = 90° ig _the average of the random instantaneous
value set ? = 0°-180° arising at an incomplete
cancellation of opposing flows; at full cancellation, the
instantaneous values of Ypwy(3) lie in the intervel of
-480°, +180°, the mean value being 0°. -

Thus, in the vertical plane we have an active noise
field component, in the horizontal plane, along X axis, -
a partially cancelled diffuse field, and along Y axis -~ a
cancelled (diffuse) field. The detected smbient noise
energy structure was observed in the near-surface layer of
a deep open water area ahove the underwater sound channel
axis up to 1000 m depth at a sea-surface wind speed of
more than 2.0-2.5 m/s. At a sea-surface wind speed of less
than 2.0-2.5% m/s, the coherence and phase spectra on sall
of the X , Y , and 2 axes are of the same nature as the
curves 3,4 in Fig. 1 and the component diffusion makes up
90-95% of the total ambient noise field (at frequencies
higher than 200 Hz) [ 1,3].

The dependence of the vertical and horizontal dynamic
noise energy fluxes on the depth of measurement is charac-
terized by the fact that on moving into the ocean wavegui-
de thickness the vertical energy flux becomes scattered
(or degraded), while the horizontal energy flux grows with -
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