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Basic Bubble Dy namics

Acoushe Cavilahcn

Han inerse sccasts fald is applied o 3 qud, Ha iqud can fail undar % wrsls, of negmive
postion of e sourd field; meak stes within e Bquid, peobably peeaxisting cas podoets, called
Seaitaton rudel " 3 caused 1o mpidy grow, by produsing vapod snd gasfilled cavites (e,
bBubbles), These bubbles cortinue © giow duing e necatve porson of the sound feld, udl =
zound field wme posites. The esding inenal irmplosion of the bubbles row mosty tled st
vapod and i urable w proude sifness)  can be actennaly Wolant, lesdng W0 an SnoEmous
corcentmion of enengy within e small esdal valone of the collapsed bubtle. Consequenty,
e tempermtures and presaunes achisved by the compeessed bubble oontents canbe respectwely
severl thowsend degrees (perhaps even highed) and severl Mlobars fpedaps evan much

Fighed). At e dral s9ges of babble odlapss imerse shock waves ame emited, chermical bonds
ana beckan, and dvan lightis amited — callad'Soncluminescance.”

Figuee 1 ilistates the ronlinear mdal response of 3 singe bubble 1o an applied sound fdd.
When te peessune witin e bibble hills beow e vapor presswe of te bqud, te bubble
begre B g abile e bubble fllz with vapor When the pressume uFE positee, the vapod
conderges and he bubble acodemtes mpidy irea o, Corghdar that even il the modest applied
press ure ampliude used in Rgwe 1 fwe wwed 0,03 MPa — most industnal spstems uee 3t beast
an oeder of magniuda higher pressures), he Enpemtee (Essuming sdabale compeession)
within the bubbie canedoead 5000 K

Bubbie Response n Standing Wave

I an wociEte starcdng wave, Bubbles cam be leuted agairet fe geatmional foese of Bucsancy
by e well-krown Bpekores fomes, Wiy PR where TR s e gedent of e spplied soousic
presswe [Bler, 1958 Crum, 1975] Physclly the Bednes force atces from 3 peessure
difierence (gedant) acoss e bubbtle. Figue 2 llustmes this fome t thecase of small diving
press ures (and 00 dive frequencies balow e bubble’s matusld resonance fiequency). [uing =
recrive porion of the sound field, e bubble groes. Thare is 2 nat e onthe bubble due 10 3
dight diffesance in prass une aomad on either side of tha bubble's sutcs. This net foce deos
e bubble owands the prassune ardncde,  Duing e cormpresive phase of he sound Sad, e
bubble is srall, ard e nit fonse s diected way from D prestune andnode.  Howdwed, Snos
e conetpondng solune is sallen g fome 2 sralen, and henoe, over an acoustc cycle e
et fone decs e bublble wea des he antinode. This 3sgument on e drecton of the beee
applles onfy 10F bubbie fat iz diven belos it et reeorencs Saquency. Fof bubbles ddvwen
abowe el rafuml Esorance fiequency, 3 difeent phase esponee equies feam o be Doed
away from: he pressure antinode snd Twaed s node. Thus, ins cavitaion deid, one epecs 5 dte
distibuton fat includes bubbles in both reginmes; faige bubbles rdgring 10 pesfung modes,
sall babbles migating o press e antinodes, Lage babbles scater and atsoh stousic anagy,
and wa bsaliana these lange bubbles ray cause iraficiant soncohamis iy,

Ancther indusnoe tat ooours i temned rectied diffusion [Orum, 13680]. Wien the bubble grows
duirg e recutive ponion of fe sound fdd, thegque concermmsoninside e bubble iz less tan
i e surcandng buk 1ud, Gas will tersfoe difee e the bubble. Comesedy, when e
bubbbe k= comnpessed, he gas concantrton within e bubbiziz greaer fanin be bk, and s
wall chezcive ot of the bubble Snee e bubble has o suface 5 nee when it e, fese wil
b=a neting iease of gas witin he bubble duing 3 ghven acousic cycle, Cvartinne, the bubble will
o, urill it becomes unstable snd frgments, subsequentdy repeating he ecifcaton opde.
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Expenmental Setup

Saudies are being condusted in both cavitaionfield and singebubble spsters. The
singe-bubble systenn can be comtrolled o 5 high levsl, allosing = o make dect
coresiors with changss inphy'scal o dhemicel propedies © changes ina pameuar
P s beng rcdied,

Sngle-Bubble System

Figure 3a) illustmes our singe-bubble appamis. A small bubble i |ledeted inoan
oustic sandng wave, A hpdophone messunes $he diving peessue arplituds
diecly 3t the bocston of e bubble, A light-scatenng sysem measues the rdal
palsatons of fe cavibtion bubble (see Aguwe 1), An imeging system is wed ©
calibrae the bdhtsatenng sysem, The pammees that oan b contrdlled fard
meazmed) in this sysem nclude the s content and concentation, fe ambisnt
peessum and diving acouwsic peessune ampiiude, e diving fequency, and te
teperatune. Moe fat if the ubble ks diven above he indplent lumirescenc:s
threshold, light emission Eoncluminescence, or SBEL) oocurs when e bubbls
collapses, Thz embszion oam be sralyeed wih 3 photomudplier nbe apd
SpEctrometsr
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Cavitation-Fekd System

Figue 5 b llustries ourexpetmentsd spstem forcavitzion fisld studes. Conscllable
Ea rmmatars in this sy stam include the diving pressue amplituds, frequency, ambient
pressure, e comtent and concentraton, and tempemtee. Az in e singebubble
systam, when dmen with suficdent power, sonclurninescence s, The light
emizzion fr iz sysiem oan also be arelyzed with 3 photmutpher tbe and
b= = 1= =

(b}

ME SL Instrurmez it Layout

Figures. faf Coer sineds hebble soviiedon st incdudes £ call b laiefng &
bubble, & Raliscativing syl e sadesbring fre dinarizn! fatponee ofla single
bubbls, and Inaging spsen hetl dlone selleatan of ke lghissaiiaing
apparatss, e & calbretsd hedrophene B messire e seonsfs pesssune
anplitels, (b The scrrsspening mutbublls esnsluminessncs for MESL
& i S e R,



Emission Charactenstics (@) =
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Figure 4. fa The valemnd cdllagpme of bubblas legads e amission & i
shad wev: whish man sossed howssnae =f bars vary pasr e bokble, b
Erdarspe prdnd of Lriag ireiols odache o B,

Static pressure effects in SBSL and MBSL

CHanges in the diving pressure armplitude Fave great effects on cavtaion and
sonclurnirescence properes. Typically, increasing the divng pressuns
arngditude resuts in mone cGavitbtion, and moe light emission. n the sSnge
bubble sy=em, te edtinction threshold lirnits e amplinde tat can b wsed
o dive a bubble; above fis hireshold, e bubble only exists in 3 mrsient
fazhion. In a cavtionfigdd, increasing e diving pressure ampitode oo
rnuch ray resdt in lange bubbles that deflect and absob the acousic ensngy,
and thus sares 1o limit e effectiveness of inceasing te diving pressuns
arnplitude.

Ina sefes of expaimenits, we bave atempied o contd the staic pressune of
our syseEms. Figure s fa) illustmtes te efiect of danging te saic pressuns in
our singe-bubble sy=tern. The sond urninescence imersity was monitoed as
te staic pressune was changed. hote tat the overll inersiy decreases as
te staic pressune increases. Figuns S illetmtes te comesponding efiect
in a cavigtion igd. Here, note tat e opposie effect i cbeered, I3
cavitation 1gld, the overll inersily inceases as the staic pressune inc eases .
The efiectrray bepanly explainedby Figure &, Hene, 2 near IR speciiun of
= caviation field sonol uminescencs is cormpa red with and witout the satc
pressure charge. Alhough the owsrall light emission increases with an
imcrease in e satic pressune, te specte bave dSmik rslopes, Infct 3 mio
of te w0 spectmE indcaes that the “emperiue” of e sonduminsscencs
does not cdhange. 'We condude that wit an increase in the stEic pressuns,
rore cavimtion bubbles 3 e sono urniirescirg, bt they ane not ' hoter.”
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Figurne 10, fsf s fbt The selaffon of fre womond hemonic 4z e frnodore rdal drde
Faguieney et i £ golifes’ raiel seopenss Fom caviieton bubbles, Pyana' Pa s
Fox maomired fadaants ond B homords pracoue oweFdes. The ssssursd
phare of fararee i 0D ot Tha dhira harm aris o sbee b psed o opa e pe e sioble bl
Mroeffedl mpadon spslas,

Conclusons

The fundermentzal relstionship bewwesn cawitstion and the sonochemisty of
aqueous waske = being explored in =2 systenatic Bshion. Sompansons to =
sirgke bubble system hawe allowed us to exzmine fundame ntzl = Btionships
between parmameters and sonochemical and sonoluminescence effects,
Curent obsenstions indicste that 2 st=tic pressure head of appmoxinnatelhy 3
atrospheres should incresse the efficiency of sono:hemical viekds. Similsrhy,
v find = comekdion bewwesn the =ddition of 2 haimonic fequency to the
fundamental fequency that might b= exploted in future studies. Some
pelirminany evidence for the benefits of the addition of muki-fequencies has
alremdy been published [Kawsbats, 1995]. Curstudies on the static pessuE
effect in WMBSL =nd multi-fequency insonification in SBESL indic=ie that the
addition of hamionics may esult in additionzl bubbles =w=ikble for
sonos hernical 2uctivity, Finsdhy, we find that small additions of alcohols hawe 2
dratic influence on the sonoluminescence emission. This mey hswe somea
applications for deecting contaminants.
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Specira

Arcther compa ison that shows inerssing dferences and simik ifes is in e spectm of
the emitied light. Figure & shows how the spectm compane with a 001 rmolar 5ol mion of
sodiumn chlonde. In Figure afa) the MBSL speciiun shows $e sodumn doublet mear 555
rrn, while e SESL specirun shows no sodun erniszion [Matua, 1995]. Orne possible
explaraion is that the spheancal srnrmetre of SBSL prevents amy nordlatile alkali metal
from enenng the bubble, and subsequertly, Mo sodumn ernission can ocour, Also, He
lack of sodun emission may show tat te tfempertue of e 1 ud immedaey
surounding the bubble doss mot get bot. Alzo noe e cbeersed bpdioed rdical
ernizsionnear 10nm in MBSL. Agein, mos uch emizsion is obeenvedin SESL.

Figure &t shows a similar companson in e near-lR. Agin, one can obsene He
sodun peak mear S19 oonin the MESL system, but oot in e SESL sysem. As be
concertEion of sodum is increased, the MBSL line increases in stength. A He
corcErtEion increases inhe SESL spsem, fe bubble beaornes unetable, and hius we
ane preverted frorm [ooking for sodiun emission 2t mwch higher concentmions,
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Organic Doping

In a senes of experirment, we compared the overll sonoluminescence imersity
b=twesn MBEL and SBSL with te addidon of small guertiies of alcohd. Inoour iriial
erpefrperts, we choss o study methand, ettand, propand, Bueanal, 2nd penend, 1o
the r=adive simplicity of the contaminants. Figune Sia) shows e efiect of the addion
af rinute quartifes of some of fese alcohols for SBSL. A similar trend is cbeened in
MEBSL [Asbokkunar, et al., 12397]. hote tat in each caze, as te chain lengh of B2
alechd increazes, fe overll lightirensity dec reases,

An irterssting effect aocurs when the inersiy of te light i plotted agairet e 220
surace excess concentmtion. The surface emcess is defined as the chamge in be
surface teraion with alcohd concentrion, or

el (ol
T kT A(R[E O]

whene, by is the Bodimmann corstant, s is the surkce tergion, and [ROH] is the
corpant@Eion of alcohadl. Figure 2ib) shows thatall 2 data line up when plottedin his
fazhion [Ashokkurnar, et al., 1955]. Similar cbseraions ae cbeered wih MBESL data.
Cyrment expeiments ane undenhay o o precisely measure the spectrl propenies of
the light emission, ard mdal dyramics of e bubble, in odar o udersend e
rmechanisnn o e light "querching.”

Figure 3. fg The affect of aldfng minut quendfes of sleohel & our
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Mu Hi-frequency Studies

Freviows reseanch bas shown the poertial of increasing e sonochemical Weld by
apElyrg moresinuscidal wavsloms o cerain spsems. A Ypical application might
irmclve e application of 2 20 kHe sinuecid with & moch Figher sinuscid, aound
S00-1 000 kHr. ‘We Fawe ezamined ina fundamentzl way the monesinusoidal
apdication of UtmRsound, and the cormesponding effect on 3 [nge caviation bubble,
Due o =psEm corstmints, we chose o examine te addtion of the second and thind
Famnonic frequencies 1o e fundamental frequency. The resdts ae shown in
Figur= 10, and shoud be compared wit figure 1. hote how e expansion and
collapse sequence can be rodied. Alzo noe tat the modied mdal motion agress
wed| with bubble dyrarnics codes,
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5BSLMBSL Comparisons

Argon Rectification

The Fighly confrdlable sysem of 3 singe bubble may be ectrernely w=setul for predicting
cavEtiorfisld efiects. Orne quesion that arises iz bow closely a singe bubbe
coresponds 1o bubbles ina cavitadion figdd, kb wme owt fat singe bubbles ae in a
steachtstmte, and the corents of fese bubbles may be dfferent fiom bubbles in =
cavitation §2ld, which orly existfor 3 2. acoustic cpcles. Figune 7 shows thata singe
airbubble may undengo rectiicaion of 3rgon, which res ks in the bubble conents being
rics iy 3 gon, The rechaniam s mter stmightionwa nd [ Lokse, 1297, Duing = bubble
collapse, e conents beat up. Nitnogen ard cepgen undengo mcles dar dissosationinto
exzied shte spedes, and fom products swh as MO, NOw, HaDs, e, These products
ireversibly leave the bubble, lemving rmosdy agonirside. This bppotheas was tested by
lockirg &t f2 termpoml Ristony of sonclurninescence fiom & single bubble [Matds and
i, 1955,
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