TEOPETHYECKOE UCCJIEJOBAHUE SABJIEHUI KABUTAIIVH C
YYETOM CKUMAEMOCTHU KUAKOCTH
NBanuukuii I'eopruii KoncranTuHoBUY
Hncmumym mexnuuecxou mennoguzuxu HAH Yrpaunoi,

ya. XKensbosa, 2a, Kues, 03680, Yrpauna
men. (+38044) 424-14-96, e-mail: ittf_tds@ukr.net

W3ydyenue sBIEHUN KaBUTALIMU TMPUMEHUTEIBHO K HWHTCHCHU(PUKAIUU
TEXHOJIOTUYECKUX ONEpali B F€TEPOTCHHBIX KUAKUX CPElax, MPExIAe BCEro, B
HAaHO- M OHMOTEXHOJOTHSX, a TaKKe JHJis HAlpaBJICHHOTO BO3ACHCTBHUS Ha
CYIIPaMOJIEKYJIIPHbIE CTPYKTYPhI, TpeOYyeT YETKOTO MOHUMAaHHUsI OCOOCHHOCTH
KABUTALMOHHBIX IIPOLIECCOB, MPOTEKAIOIIMX HA MHUKPO- M HAHOYPOBHAX, M
BO3MOXKHOCTH NPOTHO3UPOBAHUS CTEIIEHH BIUSHUE ONPEAEISIONINX (PaKTOPOB.

HccnegoBanue BBIMOJIHAIOCH C LETBIO pa3padOTKU MOJENTU JUHAMHUKU
KaBUTALIMOHHOTO KJIACTEPA C YYETOM CKUMAEMOCTH KUIAKOCTH, UYTO IMO3BOJISIET
aZIcKBaTHO  OMNHKCHIBATH  COBOKYIIHOCTH  IPOLECCOB, IPOTEKAIONIUX B
MEKITY3bIPbKOBOM TNPOCTPAHCTBE KJacTepa. YCTAHOBJIEHO, 4YTO IOSIBJIICHHE
KaBUTAMOHHBIX 3(P(QEKTOB HEMOCPEACTBEHHO CBSI3aHO C HWHUIMUPOBAHHEM
c(hepruvecKOro TMAPABIMYECKOTO yAapa Ha MOBEPXHOCTH MPENEIbHO CHKATOTO
ny3bippka. Ha nporsbxkennn BpeMeHn At oc 10 HC cKaTblil My3bIpEK HAXOAUTCS B
COCTOSTHUM CBEpPXKpUTHUECKOTO ¢umonna ¢ temmeparypoir cBbime 5000 K u
nasienueM nopsiaka 100 Mlla, a rpaaueHT qaBieHHs B CIIO€ KUIKOCTH BOJIH3U
IIy3bIPbKa JTOCTUTAET 10° MIIa. HoteHuunanbHas SHEPrus CKaToU KUIAKOCTH, B
BUJE CGHEpPUYECKOTO aKyCTHUECKOTO HMITYJIbCa, H3IYy4aeMOro IMy3bIpbKaMu
KJIacTepa, JUCCUIIUPYETCS B OKpY»KaroleH xuakoctu. O61acTe AUHAMUYECKOTO
JEUCTBUS KABUTALIMOHHOTO UMITYJIbCA COCTABIIAET OKOJIO 30 MKM.

N3 wmopmemnm cimegyer, 4YTO JAWHAMHUKA IApOBOrO  Iy3bBIpbKa B
KaBUTAL[MOHHOM KJIaCTEPE C YYETOM C)KMMACMOCTH >KMJIKOCTH OIMCBIBACTCS
YPaBHEHUEM

dzR:pR_poo+3/2(pR_pOO)ZB_B/Zpl(dR/dT)Z (1)
dr? pIR
rac pR nu pOO (T) - JABJICHUC B KHUAKOCTHU Ha FpaHI/II_Ie C HYBBIpBKOM 51

BJAINU OT Iy3blpbKa. JlaBlneHWe PR CBA3aHO C JIABJICHUEM Iapa B ITy3bIPbKe
py(Ty), pamuycom myssipeka R(t), mnotroctsiopy(T}), Baskoctero y(T))
MOBEPXHOCTHBIM HaATSKEHUEM KUIKOCTH o(T)) COOTHOIIIEHUEM
PR = Pp —[20 + 4u  (dR/dT)]/R. Ecim >kuAKOCTH CUMTATh HECKHMAEMOii
(ko3 dunuent cxxumaemoctu 3=0), ypaBHeHue (1) CBOIUTCS K KIACCUYECKOMY

ypaBHeHuto Panes-Ilneccera, koTtopoe OOBIYHO UCHONB3YETCS MHOTUMHU
aBTOpaMU IPU MOJECIMPOBAHIH KABUTAIIMOHHBIX IPOLIECCOB.
VY CTaHOBIIEHO, YTO yUYeT CKHUMAEMOCTU >KUJKOCTU CYIIECTBEHHO BIIHSET
HAa TOYHOCTH OLIEHKH SHEPreTUYECKUX KaBUTALIMOHHBIX BO3/IEHCTBU.
[TommyueHHble pe3ynbTaThl MOXKHO paccMaTpuBaTh Kak 0a30BBIA MOJXO
npu pa3zpaboTKe U ONTUMHU3ALUHU YPPEKTUBHBIX KABUTALIMOHHBIX PEAKTOPOB.
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The study of the cavitation phenomena with the view to its using for
intensification of various technological operations, associated with processing
heterogeneous liquid media, first of all in nano- and biotechnologies, requires
the clear understanding of most important features of the cavitation processes
and ability of predicting the influence of main determinative factors as well.

The main objective of this study was to develop a mathematical model of
cavitation cluster dynamics with due account of the compressibility of the liquid
medium, which allows adequate description of processes in liquid inter-bubble
space of the cluster. The occurrence of powerful cavitation effects was found to
be directly associated with the initiation of the spherical water hammer
phenomena on the surface of an extremely compressed vapour bubble.

During very short time At oc 10 ns a compressed bubble exists in a state of
supercritical fluid at temperature over 5000 K and pressure of about 100 MPa.
The potential energy of compressed liquid layer near the bubble surface, in the
form of the spherical acoustic pulse, radiated by the collapsing bubble, is then
dissipated in the surrounding liquid. Local spatial scope of the dynamical effects
of the cavitation pulse from every bubble is about of 30 microns.

It follows from the model that dynamics of a bubble in cavitation cluster
with account of the liquid compressibility is determined by the equation

d’R _ PR~ Ps +3/2(PR — P )°B - 3/2p) (dR/dr)” W
dr? pIR ’
where pr and p,(t) - are the pressure values in liquid at the bubble surface
and far from the bubble, correspondingly. The pressure pg is related to vapor
pressure inside the bubble p,(T,), bubble radius R(t) and also to density
pi(Ty), viscosity (T} ) and surface tension o(T} )of the liquid by the expression

PR = Pp —[20 + 4y (dR/d)|/R.

For incompressible viscous liquid, when compressibility coefficient of the
liquid =0, the equation (1) reduces to the classical Rayleigh—Plesset equation,
which is usually employed in modeling of the cavitation bubble behavior.

It has been established that consideration of liquid media compressibility in
cavitation modeling must essentially improve the calculation accuracy of both
dynamical and thermal cavitation effects. Besides, it enables obtaining new
valuable information concerning the nature of the cavitation phenomena.

The results obtained can be regarded as a basic approach to the issue of
design of effectiveness cavitation reactors and optimization of their operation.
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