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,,.,The use of self-resonating cavitating water jets for underwater
sound generation
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A self-excited cavitatingjet assembly is examined for possible use as an und€rwater norse
gencrator. The principlcs of thc system are based on marching ahe natural frequency ofa
submerged jel with that of a r€sonant chamber ihrough a fecdback mechanism. The csse ofan
organ pipc resonanr feed tube is thoroughly investigated. In this case, feedback is obrained by
shaping the nozzle in oider ro oprimizeirsinreraction wirh instabililies in iheshearlayerofrhejet.
The performance of lhe noise generator is evaluatcd snd irs characterisrics analyzed, including the
irfluence of the pressure drop across thenozde thc cavitationnumber. and thcorgan pipe l€ngth.
It is observed that the eficiency of STRATOJETS (self-.6onating cavirating jets) is nore.han
two orders ofmrgnitud€ higherthan thatofa conventional cavitatingje!. Thc knowledge
develop€d in this study .ilows for s€lecrion ofthe amplitude and frequency ofthe emnred noisc by
proFr dimensioning ot the assembly and correct choice ofthc furctioning conditions.

. PACS numtcrs: 43.3O.L2,43.25.Lj

LIST OF SYMBOLS hydraulic powet
vapor pressurc of lhe liquid
souad powea
impoG€d pr6surc field far fiom thebubble
disbnce from noisc sourcc
ovcrall bubblc ring radius
Rlynolds nudbct p I/d ,/p
Srtouhal nuober,/ ,/f
tiDc

bubblc nng chsracteristic timc, Eq. (2al
velocity fluctuadons, rms value
jet velocity
busblc volumc
jct acoustical pressure coeficielr
surlac€ teBion coc{Ecient
driving pr€ssu.c for bubble implosion
pftssurc drop across the nozzle
coFection.,oefrcientfor tube lcngth
ciftulaliotr, t/2
savcleDgth of oscillations
acoustic efrciency
liquid density
duid viscosity
cavitation number, iP, - .P")/y'P

{5)-
,L organ pipe lcnglh
M jet Mach number, t'lc
n mode nuhber
p' pressure fluctuation, .ms value
p-, pr€ssure duc to cavitating bubble ring coltapse
P-" arnplitlde of pressure peaks due to bubble collaps€
pi pressure nucruaiions mssured by the hydropione
P. ambient pr6lure
P, noncondensable g;as pressurc inside thc bubbl.

INTRCDUCTION
Clviration is mainiy known for its harmful effecls.

mmely. loss oi perfoamance, erosion, and [oise. The usual
procedure to prev€nt these deler€rious ellecls is toaioid th€
phenomenon by proper d€sign and by limiting the operating
corditions. Howcver.3ltemDtsto induce rd hami:sscavila-
iiun ior useiui purposes irrv€ bee:r incrersingiy succcssiui.
Ulhlsonic cavitalion nreihods take advantage of the €rosive
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irjtial crorlsection radius of the toroidal cavity
cross-sectiod radius ofthe toaoidal cavity
a/ao
noise arupli6calion due to crvititiotr
souad sperd in the liquid
nozz.le dirmeter at jet eriit
i6iie dianleter of organ-prpe tube
inside diameqer off€ed-piF€ to the orSan rube
nozzle lip thickness
ircquency of oscillalions
polytropic coemcient ofnonconde$able gas itr rhe
bubble

oscillations' mode param€teri defn€d i|r E$. {4) and

Supe$cdpt (.) time dcrivative

powd of cavitation for cleaning, emulsification, and mi\-
ing.' In hjgh pressurejcrs, caiitation is purposely induced in
order to in:-'reas. thei. drilling, cutring, snd cle3-qing capa-
biliii€s.2 Th9 noise associated with cxvi.atibn is bein g s!udied
rs a means dfsensing wh€n it bc.comes destructive ̂ nd, hence
alleviating its dimaging etrecB.l In ihis papcr. rv,: will p(e-
srntr morc dircct uliiization oicavltadoo nors€: underwitrer
sound generation,
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