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INTRODUCTL ON

Dltrasonic investigation of liguids can be carried
out in three principal fields; non~linear propagafion,
cavitation and relaxatiomsCavitation, which is the phenomenon
to be studied here, was defiﬁed as the procsss of expansion
and subsequent collapse of ninute gas bubbles suspended in

a liguid.

Flynn(l) defined ultrasonic cavitation a® a pbysical
phenomenon in which the motiorn of bubbles generated by
a sound field bring sbout typical physical effects. Cav-
jtavion can be produced im ligquids by several procedures
such a5 boiling, passing steam into ¢old liquids, rovary
hydraulie apporatus, or subjectipg ligquids to strong

ultrascniec fields.

The firs*t theoretical explanation of ultrasonic
cavitation was offered by Iord Rayleigh(z). He examined
theoretically the behaviour of an incompressible flwid in
which he imegined & spherical veid to be sudderly formed.
He czlculated the force developed by the collepse of this
spberical voide. 4ccording %o Rayleigh's treatment, the
time required for complete collepse of The bubble was

given by 3
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t = 0.915 (!’/Po)’é T

whbere * is the density of the liguid, P, is the hydraulic
pressure expressed in dynes/émz, and 1, is the maximum

bubble radius just before collapse.

Willard(z) applied step by Step process for the full
development of cavitation induced by ultrasonic energyes
He observed three steps for the cavitation process; the
initiation step of cavitation, the catastrophic step, and

the bubble formation stele

Types of Cavitation :

Ultrasonic cavitetion oecurs in liguids due to the
precence of gases or impurities in the liguid which will

serve as a nucleus Tor bubble formation.

Iyengar and Richardson(4), distinguished two . Types
of cavitatior bubbles; gas filled bubbles, und vapour filled
bubbles. IThe chowed that gas filled bubbles grow to
visible size and then remain stable, while vapour filled
bubbles expand and collapse explosively in a2 sound fielde.

T™ey also showed that, when a licuid comtains dissolved

gases, they will diffuse intc tie growing nucleus and give
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rise to geseous cavitation. During the progress of this
cavitation, vapour—filled bubbles arc also seen {0 grow
and gollapse so that the two types of cavitation can exist

together.

Strasbergcs), assumed that the bubbles that eppesr

at the onse% of cavitatiorn ere either gas filled cavities
or vapour filled cavities. These twoc types are distinct
in zppearance and involve different physical mechanisms.
The permanent gaseous cavities are formed by diffusion of
dissolved gas out of the liguid into the nucleus. Unier
certain conditions, vapour-filled cavities can be formed
by the exrplosive expansion of the nucleus during one, or

et -most, few cycles of the sound wave.

o

Webster(s) skrowed that accustic cavitziiocn in

liguid countaining iissolvel gas ic cherfcterized by The

earznce of toth sporzldie shori-liveld ruptures ol The

§

[

]
£

-

id, &nd visible, cermznent gas buddlezs. The WO

=

o

types of cavity formabtiin heve been observed O proceed
concurrentlyy beth have their origin nuclel comsisting
of microscopic gas bubbles. Either formation process
requires = threshold sound intensity for excitetion. Ihe
threshold pressure deperd on the physical propertics of

the liguil 2nd the sound field.
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Flynn(l), assumed that when a sound field 1s put

on, the nuclei may be set into various types of motions.
They may pulsate linearly or non linearly. They nay also
expand to some maximum radius and contract very rapidly.
He observed two types of cavities and represented them

as :

1- Transiens cavities, where the pressure within each
cavity is less than the ambilent eguilibrium pressure in
the liguid and %his pressure remains constant as the
cavity contracts. It msy break up, on collapse, into

many smaller bubbles.
2- Stable cavities, where cavities oscillate non—-linearly
atout their equilibrium radiuse. OSuch bubtbles nmar sheld

eclauds of smaller “ubhles =ad ther continue %o oscillate

-

atout 2z smaller enuilibriuvm radias. Iv may alss be
ccrnvenient o define Swo Xinés of transient cavitiess
(2) Gaseous trconsient cavity, in whick the reiative
amounts oF gas and vapour remain fixes fuoricz puilertion.
In this bubbl there 15 no evaroracion or condensstion
ov tre ipterfece and the rressure of the cavidy concents

is trszt of 2 nixture of two non-condensing cozponents.

{v) Vaporous transient cavity, in which the relative

soounts of ges ard vapour may change durin:s z pulsation.
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Effects of Cavitation :

Ultrasonic cavitation in liguids can result in
several phenomena such as :

Sonoluminescence, which is the weak emission of 1light from

engassed liguids cavitated by intense ultrasonic waveS.

The origin of somoluminescence have been discussed by many

authors(7’8).

They indicated the dependence of sonoclumine-
scence on cavitation processe The origin of soroluminescence
was suggested to be due %o the rise in temperature following

(9,10)

adiabatic compression of the cavitating bubbdles

Chemical Reactions : Cavitatior may have two effects on

chemical reactions. The first is to accelerate the chemical
reaction by a rate depending op the generation of cavities
in the liquid. Moreover, cavitation may result in certain
chenical reactions which wouid not take plece in the absence

of cavitation(ll’lz).

Depolymerication j Tbomas(l5) and Grooberman(14) sugges ted

that thc degradation of polymers can result from the subject—
jon of the long chain molecules 1o shearinz forces imparted
by the solvent flow that Tesults from cavitation. Alter—-
patively, the molecules may act as, cavitation nuclei and

sustaia the collaspse of the bubblese
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Brosion; Plesset and Ellis(1), studied the effects of
cavitation generated by standing acoustic waves on the
surface of metals. They reported that, cavitation deamage
to metal surfaces is attributed to mechanicol stress
arising from the motion of a bubble. T™e rate of erosion
of metal surfaces is influenced by tbe ultrasonic cavite—

tion processe

Ultrasonic Cleaninz : The most important znd widely used

high power techpique is ultrascnic cleaping, which has
been used with great efficiency to clean small and
intricate mecharical parts such as watch mechanisms and
precision gears. The cleaning action is mainly due to

the phenomenon of cavitation. The nolecules in She liquid
become agitated and tiny bubbles continually build up and
collapse. The power recguired o meintzin cavitation varies

witk different liquids.

Object of Presernz Study :

The study of bubble formation in liguids or cavitat—
ion has been 2 topic of continued research, nct only because
of its contribution to the knowledge of physical properties

of liguids buf alsc because of its applicability.
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4lthough large amount of work has been carried out

o study the dynamic bebaviour of the cavitaliing bubbles

in a sound field, yet Tew data were reported on the physicsl
parameters affecting the onsetb of cavitetion, the physical
phenomenon associated with wltresonic cavitation and spec—
ially on the effect of adding traces of volatile liguids to

act as cavitation nuclei.

The liguids studied here were choser S0 that a wide

h

range ¢f paramesers affecting the threshold pressure O

cavitation could be investigated.

Ir ordeT 5o achieve & better unders.aniing of the
cavication pheromendsn anmd the effect of adiing izpurities
£s the liguid, such as different selts, or the ccrization

+ttreshsld pressure, the worx under report is carried out.
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REVIFEW OF IITERATURE

Origin of Ceviteation

Ultresonic cavitation needs a nucleus for its
rroduction. A nucleus mey be 2 small bubble already,
existing in the liguid, or a small pocket of z3s in
a creck in the wall of the vessel containing the liguid.
Dust particles present in the licuid are rood puclei,
as well as any defect or void in the astructlure of the
1iguid. These nucleil remcin in a guiescer: state until
, or cremic:sl chanme oceur and
urs et their esuilidriusm. Ultrasonic weves vhich consist
of rressure flusi-uations upse:t tho e ullibrius of The

cavities formed in *re licuid erd the bultles will grow

in size *ill they reser & ma¥imum fice, ¢l thin crllapses
“ . 15 :
Comroii; ol r:x( 4y concluded ThoU Ol
a) ZowiiatT o roooourn inm 1in.ni? ¥ owro. _abef nre
jiosent As ¢ €arm 27 nuclei.e Trese pasoy nol tSe the
siiour 91 Tre Licoid.

pY Muclei ,~row v vinlble site under thoaction of ulirae

~onic wave., 2nl, 1f cir oo yreccure cmy Titude exceeds
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