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Collective Oscillations of a Bubble Cloud as a Source of
Underwater Ambient Noise in the Ocean
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ABSTRACT

Tt 1= well observed in the ocenn that the surface disturbances due 1o rain, wind and breaking waves generate bubble
clouds several meters deep from the water surface, These kinds of bubble clouds can work as a physical mechamsm
to produce underwater ambient nose, In the Jaboratory expeniment observing the noise generated from a bubble cloud
we showed a role of indtvidual bubbles in collective oscillations of '@ bubble cloud. The expenimental data agree very
well with the theoretical predictions. These results confirm that the collective oscillations of a bubble cloud is one of

he more likely mechanisms for an ocean ambient noise source around several hundred hertz.

1. M B ol H3l L 8dsied Careyi2238t Prosperettif 4,5}
ela Ly, Prosperett Yooni 62 el sdoli de] st

sfokoii <1 2) 4 ) hertzell 4 4 4 kilohertz7# =] 2] Zof ofsl WAH sEFe AekLTo] o8 &
T% 25T AN SR £ e T2 WY s dg olkH e Aglstsdet £ o
A BAL 2z ¢Lo) olu) H etz gef e ole 7lsds UM g UFHaz .
(1] =8l AHFas doe] £3 45809 44 sokoll <1 o] FEmd ot 4 wlenia] B 7L E

of Za|3te 2 alyx gl o) PL 7 LA 9
P 5L v), dhgh 3t 2|5 viohel| Ay

cdiRden FgsdtA WA T oh$ chefslut slEniol4de sl &
**]. S, National Center for Physical Acoustics .
o Hgdel weel 73 71249 Y4Yoz otoia



AelTL e LaE S HEA 4 v
spab oy s Aol bEaul tgeld whg g

. o
PYE 2 E fer thg ) Uiyl

1 /3P 3y

il 3 el el 28 Wrye g
W FrAls wieiulelch el g R Fab4o)
=000HzQ! LgE E e Akl PR Pa,
210" kg m’ y=142l 2+ slekell FAH = 7L

st wPAAgl zoe sl 1wy a=

07cmel 7iGe] aEe ¥4 B Fr HAH
ofot ghep ol@] 8 FAHY 2]

Ay NEAel $Az chgozd ddel shwal

A N2 dFel @ E B Fabdel ulshed
Neel At $FE AN We B Fapge

wel pol gfast slzgckel skt &g

2R oRA W8 olsan AT wAsle 24

(L4} Mol vhads) o] 494 20 ol A 7e] ¥i%

S oalelsl 2269 N F

F e, 2o
Eaderm A BT 24 e odste] miRale

W, 7h o ealste] bzie zhh 20em, 4.0 cm, 6.0

HETTRRELE 10 % L Ko
cmolct, 7| Lukd ool 2 ubalsti- o) A Foob b

S vbE sl R A E Aol ofeh ot Fe G0

Buddle Columa

Digital
Oscilloscope
with FFT

Hydrophone

Cross-Section
Bubbi¢ Maker of Bubble Maker

esyed
Alr Tank

Precision Flow Meter

5 8ol rAmee; Al AR el s
vlajet 9 A2 ~5t 3 (LeCroy 940002 -4 skl

4-1%}4 Az7 el "é*é,‘sl—‘“— a8 /4

T Aaigtel g £ 5% %"‘és’[ 7l Aste] 54 S
7l NE271g 9 Frkgolell AdAstlon], ddlas
EimxXimxime F 2ol ZFAahglch 71y w4
el 7t = Zr e sl E AR AL Stk
L lemma Ayl el vialel] ojated ZHAslgic
o, A7) AREel ¥A Fiky o4 of 2kHze £
sl ol et,

aE2)e Ay 24asd o WA FET
algorithm+t power spectrum averaging /4% »1 &
shod Ay o) ol 4lzbe EAlLT Y12V 5o
A 3 Fubdg ebdch fd371S 5 03

¢

Fg THANY FAFAE 23T ¥ 4

22 M Ao 4.5 2x+ Nyquist frequency

1.25k117, transform size 2500 ponts2 5071 8| power



T B R S | Rt B IR B vES Y

e . - . T

Freq - 250 Hz Rei. flow rate: 7§ mbis

Freq - 296 HZ * Rel. flow rate: 57 mils

S e - Rel. flow rate: i3 ml/s
-+ Freq - 548 Hz

R .

1
:

a2, NEAFE ATl 218 FRT Fapa 4 B
L

spectra& g Ao sagAaz 2ol 4

o} e a5 4Hzz T Hshocth

3:.'.

it

M. o12% iy

ol SR ol # i

£330l B A L7152 e F ek B
ehuio] ol &2t Al

)i Ealel Al

elapA ol wdgl WA A, el RS 2

7| .8 7)ol 4} o] pressure-release 7 Al % H E

Sl e sl B ER el DA lEehl

che ok o characteristic equations +¢ 4 ¢

Hass) 3y Hu,(s)

b _HRG) HEE)
Jmix3} |—Hp {2)
o] 7] 4]
T Nr . L Nr ., (3
x=R¢/ km {2h ¥, s=Re/ K= °h Y.
el

Hm, {y) _m .
~ "HZ(y) ¥  Hals) Hply)
How fo 7 m Hae) Hgw
HE (V) v
o] 7} 4
- . (Nr (5)
y=Re/ K~ ()

]9}, Jm. Hm". Hm®& 77t order m2} Bessel
function, first kind Hankel function, second kind
Hankel functioneir}, Ree 7127159 d4b7, Res
AEHoz A Ag £29 W ket 71ENE
o4l el ab, ki $49 Zoldel d4, he 7127
Fol o}, N& wr Fojch AU FHshA
o1 8t Eojln HnEH[plol AAE Vgsiel Aol

Dol is AT AR sk olm FHI



50

danl FUIgERe Bl v E Eikdle dde)
gl elsiaegel el Aok, % Adaig e
Foaol apRxl k] Wb dup gr) BGw) B | L7
Foll FdEm ks by Solel Vsl zatas) s

2o e A2 gebb o Ao A7
toAEPIE) f & g Sot 72715 Ho

hi cpLxl 3tel Fojale}

AN P1E ¢ e AdEEel obd 4l ®BE
Az defe] dodEE shoe Vg 54
2 EANEY A Azl dA 97
Hrohy ae] Al gdsiygez 2y A5 7L
715 fEAEL 712 L4879 dh7e] 60cm,
4.0cm, 20cmel A%, 22 70cm, 54¢m, 4.6cmz
A9

2. 7|12 718¢e 38

gzoll YA 7| E7FY HAZRAEL 2o
4]9] pressure-release AAZA e 71XV T
kol e F7] el B T4 ZAZ o3
NE7)F el B3 A1E 715t LA oz

a|x 712 LAzl 2 5 ol g £ AA

7% 7xA Hlch £3 712 Lo e AA
2AL AYRU, 3 Ae42e| AAZAR A3

0

Adsled, Addez APY & Uk #Ee 53
7% ol&dtd 7|27 F W RlM e 4L &
stog 71z L4 slede] AAzAL A&t
of, 28(3)E 71275 Wiel 4 gfdriaiso)
oh. 2E(3)elld Hej A el FA=HNA 85
cm Flofeoll gt FF ool A Edol A
o] pressure-release FAIZAYL 4 4 Ym,
ofsh L AARAF A ojEH T HA FRLE
2 ohest by sined el g4 AExE
ol o+ & LA ALE & + 3Udch
2d()e Y72 PAZE PRY el £
7127 Fell e #71 #fulel o AAEAFY
HA 54 2= AES5e AHE ol b

Frequency iHx)

1 &9

w®ETHSEL 10 %

£

v
°
2
&

E
«

g

g
2

0 v T T T —r
0.00 '0.20 0.40 0.60 0.80 1.00
Depth (m)
8 3 A3E 37185 712715 @9 g3 oids

-

L

]

o0

L

00

»»

o0

e X) re “» 2.0 EX) X
Yeid Fraction (%)

Jd 4 N2 A%y 37 5ol A ANFArE AT
T YA} lEAFA

2, M5, otERe FAL A4 FESE 70cm,
5.4cm, 4.6cmel 7| £7]Fel o] HA FARE AF
T2 d&Aeld, 44, A, dPHAL & A
of & cjglolch. ngloll viehd A7 Fol 4gAr
o o2 o&HE oA¢ ¥ YRR Yop ol
AN 712 €9 Aol @& 7 2ARY F5&
2Z¥AFAZA 7€ = o, Aj Axe FA
of wE WAaLZrc HE Fagod 72T
AL Fol +F 28Uz 4L ¥ + ALE
AEshe Aojet,

Y

Ie

v.& &

¥4 Wedld 4ds 7N2Ze A FFes



dada g wealck elalbol o A horts cllol
of <12 & ob 4 A ..;:_ ut A|o| 4} ) 4 =" o 3] i
ot Al AV LA JaE el Al 23

Ao HED 4 ol oh drle R Yol

At 2
3o drbEe US Office ot Naval
Research o dsloff ola| of of 77| 7)453teloe

{abéhet,

gogs

I G Weny, "Aconsti sanbuent noise in the acean

L1a9%3 : The liniversity of
Texas at Austin (
PhD)

1978-1980 : Fulapet ol F 2

o 741
1981-1983 : The University
of Texas at
Austin, Applied
Research Labor-
atories, 974

19%4-1987 : US. Naval Postgraduate School, Dept.

of Physics, 2o 3 Zulay

[ast- L - The Unsversity of Mississippi, Depr. of

Physics, 2w a4 % US. National
Center for Physical Acoustics, ¢
od+4l

1985- A © 4Fat ot golds 2y

1990- 3 = : U.S. National Center for Physical

Acoustics, o1+ =24 [EEE{Senior
Member). Acoustical Society of
America (Member)

51
SCTTd ond sbutcea”, J. Acoust. Soc. A, 34, 1836
VIRE 7GR
PUORT e Thaen fng nonev axein LG e

sourees”, I Acoust. Soc Am., 78, S1-52 (19855,

WAL Cardy, "Low foyusiey nuise ang bubbit pluiie

oscillations”™, J. Acoust, Soc. Am, 82, S62(1987).

1. A Prosperetts, "Bubble-related ambient noisc in the
ocean™, J. Acoust. Soc. Am. 78, S2(1985).

4. AL Prosperettr, "Bubble dynamics m ocean ambient
noise”, in BR. Kerman (ed.), Sea Swrface Sound,
{Kluwer Academic Publishers, Dordrecht, 151-171,
{1988 ).

ti. N.Q. Lu, A.Prosperetti and SW. Yoon, “Underwater
nowse emissions from bubble clouds™, IEEE ], of
Oceanic Engr. 15, 275-281 (1990).

7. S.A. Thorpe, *On the clouds of bubbles formed by

breaking windwaves in deep water and their role in

air see gas transfer”, Phil, Trans, Ray. Soc.
tLondon) A304, 155 210 (19382.

#. M, Minnaert, “*On musical air bubbles and the sounds
of running water”, Phil, Mag. 16, 235 248 (1933)

‘n} X

)
4N

19791 4T3 debw el eha}
(o] gHAF)

1962 43 cHsbm el ehst
(o8 4 ap)

191 - 472 oem Felats
(o) 8k wta})

Al A Crum
1967 : Chio University (Ph.D,)
1968-1977 : U.S. Naval Aca-
demy, Dept. of
Physics, a4
1978 1987 . The University
of Mississippi,
Dept. of Physics,
Roes
1985-# 2| : The University of Mississippi, F.A.P.
Barnard 4z 24
1990- &4 : U.S. National Center for Physical
Acoustics, 9l 4 £ 3 Acoustical
Scciety of America {Fellow)



