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Pedepar:

1. Y puceprauiiiHiii po60Ti BUpilIeHO HOBE HAYKOBO-TIPAKTUYHE 3aBJAHHS Y OCKOHANIEHHS KOHCTPYKLii CTATUYHOTO
KaBiTalifHOTO anapara Ha MiJICTaBi pe3yJbTaTiB YMCEIbHOTO MOJENIOBAHHS IIPOIMHAMIYHUX [TApAMETPIB ITOTOKY
1110 326€3MeYnTh MigBUIIeHHS iHTEHCUBHOCTI Ta €HEPTrofOoLiIbHOCTI 06POOKU TEXHOJIOTIYHMX CEpeOBUI,
AKTyasbHICTb pOOOTU 3yMOBJIEHA NTOTPEOOIO ¥ MPOCTUX 32 KOHCTPYKIi€I0 MPOTOYHUX anapaTax, 3TaTHUX CTabijIbHO
dbopmyBaTu Bo(da3Hy 30HY 32 0OMEXKEHNX €eHepreTHYHUX BUTPAT i KEPOBAHUX rifpasiiivyHux BTpart. JJuceprauniiHa
poboTa CKIaAA€ThCs 3i BCTYIY, IT'SITU PO37iJliB, BUCHOBKIB, CIIMCKY BUKOPUCTAHUX J>KepeJl i ToAaTKiB. Y nepuomy
po3zisi y3aranbHeHO Qi3nYHi epesyMoBU PO3BUTKY TiJIpOJMHAMIYHOI KaBiTallii y 3By>KyBaJlbHO-PO3IIMPIOBAJIbHUX
KaHaJlaX Ta CUCTEMATU30BAHO KPUTEPil IOPIBHSIHHSA anapartiB. BUKOHAaHO aHaJli3 Cy4YaCHUX NOCIIiIKEHDb 010

3aCTOCYBaHHSI KaBiTalilHUX e(eKTiB y rijpoMexaHidYHUX i MACOOOMIHHUX IIPOILecax Ta TEXHOJIOTISIX BOJLOOYNCTKHU.



[IpoananizoBaHo cy4acHi Migxonu IO MOZAEIOBaHHS IIpoaHaMiKy KaBiTaliliHOI Tedii Ta 3aKOHOMIPHOCTEN BIJIUBY
KOH(irypallii BHyTpilIHbOr0 KaHajy arnapariB 110 TUILy TPyou BeHTypi Ha iHTEHCUBHICTS i cTabinbHICTh KaBiTalii. ¥
IpyroMy po37iji HaBeJleHO 00'€KTH Ta METOJUKU NOCTiIKeHb i 0OOIPYHTOBAHO IIPUIHATI KOHCTPYKTHBHI
mopu@ikauii anapata. O6rpyHTOBAHO 3aCTOCYBAaHHS MOJeJli TypOyieHTHOCTI k-0 i 0oHOPiIHOI piBHOBaXXHOI MoAei
cymimi “pinnna-napa” (HEM) sK iH)KeHepHO JOCTaTHIX [J1s LOCIiIPKEHHS! OCOOIMBOCTEN TiAPOIUHAMIKY Y
3aIpOIIOHOBAaHUX KOHPIrypalisix KapiTaliliHOro anapara i iHkeHepHOro IOpiBHSIHHS IHTEHCHUBHOCTI KaBiTalliltHUX
edeKTiB Ta eHepreTUYHUX NapamMeTpiB. HaBeneHo METOAMKY 111010 eKCIIePUMEHTAIbHOTO KOHTPOJIIO PEXXKUMHUX
IapaMeTpiB i METOIY OLiHIOBAaHHS TEXHOJIOTIYHOro edeKTy (LrudpoBa MiKPOCKOIIis 1151 aHAJIi3y AUCIEPCHOCTI,
BHMipIoBaHHS pH Ta esekTpornpoBinHoCTi). Y TpeTboMy pO31isi Ha OCHOBI aHaJli3y KOHCTPYKTUBHUX pillleHb TPyou
BeHTypi po3p06sIeHO yIOCKOHANIEHY [€OMETPil0 IPOTOYHOI YaCTUHU anapara. 3alpollOHOBAaHO Ta OOIPYHTOBAHO
KOH@iryparjii 3MiHHMX BCTaBOK y BXi[IHill Kamepi Ta KOHQY30pi (yciueHuit KoHyc Ta mHek). Po3pobaeHo 3D CAD-
MogeJii nocimKyBaHux KoHdirypauiil anapary, 3a1aHO PO3PaxyHKOBi 0671aCTi Ta OGI'PYHTOBAHO [TI0CTAaHOBKY
4uCeJIbHOI 3a/aui 1715 Tedvii HecTucanBoi po6oyoi pinuuHu. ITpuitHaTI isuyHI NPUNYILEHHS, 3a1aHi TPaHUYHI YMOBH,
napaMeTpu AuCcKpeTusallii, BubpaHi moaesi TypOyseHTHOCTI k-0 Ta KaBiTallii Ha OCHOBI OJHOPiHOI PiBHOBaKHO]
mogei cymimi “pinuna-napa” (HEM) sik iHXeHepHO AOCTaTHi 1J1s1 TOPiBHSHHS KOHQIrypaliiil anapara 3a 0JJHaKOBUX
PeKMMHUX NapaMmeTpiB. YncesnbHi po3paxyHky BUKoHaHO B SOLIDWORKS Flow Simulation 3 oTpumMaHHSIM
PO3II0JiNiB TUCKY, IIBUAKOCTI, 06’eMHOI 4acTKu 1apoBoi ¢a3u, MPOTSLKHOCTI KaBiTalliliHO akTUBHUX [iIsiHOK. Ha
OCHOBI OTpUMaHuX pe3ysbrartiB CFD MopmentoBaHHs JOCIIAKEHO 3aKOHOMIPHOCTI BILJIMBY TEOMETPUYHUX
rapaMeTpiB IIPOTOYHOI YaCTUHY KaBiTaLlifHOTO ariapaTa Ha JIOKaJli3aliio Ta IPOTSKHICTh 1BO(a3HOoi 30HH,
iHTerpasipHUM 06'eM NapoBoi ¢ha3u Ta rigpasiivyHi BTpaTu. [1j1s1 KOPEKTHOTO MOPiBHSIHHS Moauikarii
YIOCKOHAJIEHO MiAXin 4o iHTerpaspHOi OLiHKY ABOQA3HOCTI yepes 064nCcIeHHs 06'eMy n1apoBoi ¢asu 3
ypaxyBaHHAM 3MiHHOI IIJIOWIi ITONEPEYHOrO NEPEPi3y BHYTPIIHLOTO KaHaly, 110 Y3rOAUIO JIOKAJIbHI Ta iHTerpaibHi
MMOKa3HMKY KaBiTallilHOI iIHTEHCUBHOCTI. AI€KBaTHICTb OTPUMAHUX PE3YyJIbTATIB YMCEIBHOTO MOJEIIOBAHHS
MiATBEPIKEHO €KCIIEPUMEHTAIILHUMU JOCIIIP)KEHHAIMY BUMIPIOBaHHS IIepenany TUCKY Ta Bi3yaJbHUX O3HAK
IBO(A3HOCTI B poboUill 30Hi anapara. BUKOHaHO eHepreTUYHO-KaBiTallifHy OLiHKY AOCJiIKyBaHUX KOHPIrypauin
LJISIXOM BBeJIeHHS KoeillieHTa 0%, 110 iI0CTpye CHiBBifHOLIEHHS “eeKT - EeHeProBUTPATH Ta JO3BOJISIE 3pOOUTH
00rpyHTOBaHUI BUGip Mozesi arapara. Y yeTBepTOMy PO3[iijli BUKOHAHO IIPUKJIaAHI eKclliepruMeHTalbHi
IOCJiIKEHHS TEXHOJIOTYHOI €(PEKTUBHOCTI NOCiI)KYBaHUX MOIeJIEN yAOCKOHAaNIEeHOro anapara. EQpekTuBHicTb
rOMOTeHi3allii MOJIOKa OLiHIOBAJIY 33 OKa3HUKaMU JUCIIEPCHOCTI >XUPOBOi a3y, a 3minu pH i esleKTponposigHOCTi
BOJM POBIJISAANHN SK iHIMKATOPY IHT€HCHUBHOCTI (i3VKO-XiMiYHOTO BIJINBY HA TEXHOJIOTIUHE cepenoBuiie. Y
II'SITOMY PO3/1iJli HA OCHOBI OTPMMaHUX Pe3YJIbTaTiB TEOPETUYHUX [OCIiI)KEHb 0COOJIMBOCTE KaBiTalliiHOI
rigpoJrHaMiKu po3po0JIeHO iHKeHEePHI peKOMeHallil o0 3aCTOCYBAaHHS Ta BIIPOBAIKEHHSI KOHCTPYKTUBHUX
pilleHb Ha BUPOOHULTBI. PO3p0671€HO TEXHIUHE PillleHHS 040 YA0CKOHAJIEHHS By3Jjla KapOoHizallii HamnoiB ass
nMBOBapHi «Omnisnsy». BUKOHAHO OLjiHKa eKOHOMIYHOI IOLi/IbHOCTI YI,0CKOHAIeHOI KOHCTPYKIii KapOoHizaTopa.
Po3po6seHO NPOEKTHI peKoMeHAallii 1010 MOAY/IbHOI KOMIIOHOBKY KaBiTallillHMX anaparis J1s1 ToMoreHi3arii
MOJIOKa B yMOBaxX HEBEJIMKUX pepM. TexHiYHa HOBA3HA 3aMIPONIOHOBAHMX KOHQIrypauiii KaBiTalifHOro anapara

3axulleHa naTeHTaMmu Ha KopucHi mogeni N2160839 U ta N2160838 U.

2. A scientific and practical problem of improving the design of a static cavitation device is addressed in this
dissertation through numerical modelling of flow hydrodynamics to increase processing intensity and energy
efficiency in the treatment of technological media. The relevance of the research is determined by the need for
structurally simple in-line devices capable of stable formation of a two-phase zone under limited energy
consumption and with controllable hydraulic losses. The dissertation comprises an introduction, five chapters,
conclusions, a list of references, and appendices. In Chapter 1, the physical prerequisites for the development of
hydrodynamic cavitation in converging-diverging channels are summarised, and criteria for comparing devices are
systematised. Contemporary studies on the application of cavitation effects in hydromechanical and mass-transfer
processes and in water treatment technologies are analysed. Current approaches to modelling the hydrodynamics
of cavitating flows and the regularities of the influence of the internal-channel configuration of Venturi-type
devices on cavitation intensity and stability are considered. In Chapter 2, the study objects and research methods



are presented, and the adopted design modifications of the device are substantiated. The application of the k-o
turbulence model and the homogeneous equilibrium mixture model for the liquid-vapour system, HEM, is justified
as engineering-sufficient for investigating hydrodynamic features in the proposed cavitation-device configurations
and for an engineering comparison of cavitation intensity and energy-related parameters. Methods for
experimental monitoring of operating conditions and methods for assessing the technological effect are provided,
including digital microscopy for dispersion analysis and measurements of pH and electrical conductivity. In
Chapter 3, an improved flow-path geometry of the device is developed based on an analysis of Venturi-tube design
solutions. Configurations of interchangeable inserts in the inlet chamber and the converging section, a truncated
cone and a helical insert, are proposed and substantiated. Three-dimensional CAD models of the investigated
device configurations are developed, computational domains are defined, and the numerical problem statement
for the flow of an incompressible working fluid is substantiated. The physical assumptions are adopted, the
boundary conditions are specified, the discretisation parameters are defined, and the k-o turbulence model and the
cavitation model based on the homogeneous equilibrium liquid-vapour mixture model, HEM, are selected as
engineering-sufficient for comparing the device configurations under identical operating conditions. Numerical
calculations are performed in SOLIDWORKS Flow Simulation, and distributions of pressure, velocity, vapour
volume fraction, and the extent of cavitation-active regions are obtained. Based on the CFD results, the
regularities of the influence of the flow-path geometric parameters on the localisation and length of the two-phase
zone, the integral vapour volume, and hydraulic losses are investigated. For a correct comparison of the
modifications, the approach to integral assessment of two-phase conditions is improved by calculating the vapour
volume while accounting for the variable cross-sectional area of the internal channel, which aligns local and
integral indicators of cavitation intensity. The adequacy of the numerical modelling results is confirmed by
experimental measurements of pressure drop and by visual indications of two-phase conditions in the working
zone of the device. An energy-cavitation assessment of the investigated configurations is performed by
introducing the coefficient o*, which illustrates the effect-to-energy input relationship and enables a substantiated
selection of the device configuration. In Chapter 4, applied experimental studies of the technological effectiveness
of the investigated models of the improved device are carried out. Milk homogenisation efficiency is evaluated
using indicators of the dispersion of the milk fat phase, while changes in water pH and electrical conductivity are
considered as indicators of the intensity of physico-chemical effects on the technological medium. In Chapter 5,
based on the theoretical results on the features of cavitation hydrodynamics, engineering recommendations for
the application and implementation of the proposed design solutions in industrial practice are developed. A
technical solution to improve a beverage carbonation unit for the Opillia brewery is developed. The economic
feasibility of the improved carbonator design is assessed. Design recommendations for a modular arrangement of
cavitation devices for milk homogenization under small-farm conditions are developed. The technical novelty of
the proposed cavitation-device configurations is protected by utility model patents No. 160839 U and No. 160838 U
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