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Pedepar/anoTamis:

1. Inceprauifina po60Ta IPUCBAYEHA BUPIIEHHIO HAYKOBO-IIPUKJIAIHO]I 3a/1a4i, IOB'I3aHOi 3 MiJBUIIEHHSIM
e(eKTUBHOCTi po60UYOro MpolieCcy KaMepHy 3MilllyBaHHS PiJUHHO-TIAPOBOro CTpyMUHHOro anapary (PIICA), skuit
IIpaljlo€ 3a IPUHIMIIOM CTPYMUHHOI TEpMOKOMIIPecii missxoM Mpo@isoBaHs il IPOTOYHOI YaCTUHH, JOCIIKEHHIO
BILJIMBY TEPMOAMHAMIYHUX NApPaMETPiB i XxapaKTE€PUCTUK aKTUBHOTO i IACMBHOTO IIOTOKIB HA IPOLEC 3MilllyBaHHSI.
[IpoBeneHo pobOTY HaJl aHAJII30M CYy4aCHUX METOAMK PO3PAXYHKy OOJIafjHAHHS, sIKe Mpaljoe Ha 6a3i ABO(pa3Hux
araparis, 3a 17151 3a6e31e4eHHs 3pOCTaHHS ePeKTUBHOCTI Cy4aCHHUX TeIJIOMEXaHIYHUX CUCTEM Y CKJIai PilHHO-
[IapOBOrO CTPYMUHHOTO anapary. JIjsl NpoBeieHHs eKCIIEPUMEHTAIbHUX OCTiIKeHb 6yJ10 po3p0o06JIeHO
MaTeMaTU4HY MOJEJIb Ta Y OCKOHAJIIEHHS] METOVKY PO3PAXYHKY PiIMHHO-TIAPOBOTO CTPYMMHHOTO anapary 3
KaMepoIo 3MilllyBaHHSI 17181 MiABULIEHHS €(DEKTUBHOCTI CUCTEM Ha OCHOBI TaKMX alapariB i Ofep>KaHHSM BUTPATHUX

Ta €HepreTUYHUX XapakTepucTrK. OCHOBOIO BXiIHUX ITapaMeTpiB 6ysI0 B3STO Jialla3oH IOYaTKOBUX IIapaMeTpiB



po6040i pifHY 3 COIJIAa aKTUBHOTO MOTOKY NPOPiIbOBAHOI IN(PY30PHOI YaCTUHU , IIPU SIKUX JOCSITAETHCS
MakcuMasbHa e(DeKTUBHOCTS ii BUTIKaHHS Yepe3 KaHau Ta MOYaTKOBi MapaMeTpy po60voro cepeioBUIa
[IaCMBHOTO IIOTOKY Ha BXOJi y KaMepy 3MilllyBaHHs. B nepmomy poszisi, y Mexkax JOCiIpKeHHs 0yJI0 BUKOHAHO
aHaJli3 Cy4YaCHUX METOJUK PO3PaxyHKY ABO(A3HUX CTPYMUHHUX aNapariB, B IKUX BU3HAYWIIY, 1O [IPOLECU
3MillyBaHHS OBO(A3HUX MOTOKIB 3a/1eKaTh Bifl Pi3MUHMX MapaMeTpiB cepeloBUIl, Ta TeOMETPUYHNX XapaKTePUCTUK
KaMepu 3MilllyBaHHS, Jie OHUM 3 BRXJIMBUX PakTopiB € Temrieparypa 370-450 K, BizHocHa BosoricTs 30-50%,
CKJIaJ] [IaCMBHOTO IIOTOKY, a TAKOX TUCK i BUAKICTb ¢a3u. Takox O0ys10 BU3HAUEHO, 110 ITPU 3MilllyBaHHI BOAMU i
11apy CIIOCTEPIraloThCsl KOHIEHCALIMHUMU SIBUINLQ, SIKi BIVIMBAIOTh HA 3MiHY €HEPreTUYHOTO 6asaHCy CyMillli TOTOKIB
Ha BUXOZi 3 anapary, a IIpu ONTUMaJIbHIN JOBXMHI KaMepU 3MilllyBaHHS BIiTHOCHO JliaMeTpa Kamepu 3a0e3I1eyyeThCs
eeKTUBHUI MacoobMiH i MiHiMmizallis BUTpaT eHeprii. [IpodintoBaHHs CTIHOK KaMepU 3MilllyBaHHS [103BOJISIE
NIOKPALIXATY IMHAMIKY IIOTOKIB Ta 3MEHIINUTH TypOyJIEHTHI BTpaTH 3i CTabiizaliero 3millyBaHHS, a ONTUMAaJIbHUN KYT
PO3KPUTTS KaMepH 3MilllyBaHHS 3HAYHO MifBuIlye e(peKTUBHICTb Npolecy exekii. bysa o6rpyHTOBaHa
HeOoOXiJIHICTh T0OY,0BU HOBOI MaTEMaTUYHOI MOJIEIi, 110 BpaxoBye crieuudiky 3MilllyBaHHS aKTUBHOT'O Ta
IIaCHBHOTO IIOTOKIB Yy KaMepi 3 TpodisIbOBAaHOIO FeOMETPi€l0. B 0CHOBY UM CJI0BOrO MOJIE/IIOBaHHS IIOKJIaIEHO
Iialla30H peajibHUX IIapaMeTpiB poO0YMX CEPENOBUIL, SKi 3a0€3Me4y0Th Halbibly €(pEeKTUBHICTb BUTIKaHHS
aKTMBHOTO ITOTOKY 3 COILJIA Ta BTSTYBAHHS IACMBHOTO CEPEIOBMILA Y 3MillyBaJIbHY 30HY. BU3Ha4€HO KPUTHYHI
reoOMeTPUYHI XapaKTepHCTUKH, 30Kpema KoHQirypallito 3MillyBajbHOI KaMepH, KyT KOHQY30pHOCTI, JOBXUHY Ta
dopmy ii npodintoBaHHs. Pe3ynbraTty nepesipeHi 3a JONIOMOro nporpam 3 3D MozesIoBaHH4, SIKi 1aJId 3MOTY
Bi3yasiisyBaTu XxapakTep 3MiHM IOTOKY Ta OTO apaMeTpiB, Mifi 4ac po60TH 3MilllyBalbHOI KaMepH, BU3HAUYE€HO
ONTUMAJIbHI pesKuMU poOOTU Pi3UYHOTO eKCIIepUMEHTY Y IPyroMy po3fiiji Ha OCHOBI pO3p00JIeHOI MaTeMaTUYHOI
MogeJsli po604oro poLecy KaMepy 3MIIyBaHHs NIPoQinboBaHOI reoMeTpruyHOi popmu 3 BUKopuctanusm CFD-
METO/IiB IPOBEIEHO YUCJIOBE NOCIiI)KEHHS BIUIMBY F€OMeTpil KaMepH 3MilllyBaHHS Ha 6a3i TEXHIKO-€HEePreTUYHNX
XapaKTEPUCTHUK PiIMHHO-TIAPOBOr0 CTPYMMHHOTO arapara. AHaJli3yI04y Pe3yJbTaTy YUCJI0BOrO JOCIiIPKEHHS
BIIJIMBY TEOMETPUYHHUX [TapaMeTPiB KaMep 3MilllyBaHHS OyJI0 BCTAHOBJIEHO HU3KY 3aKOHOMIpPHOCTEH, 5IKi MalOTh
IIpaKTUYHE 3HAY€HH4 7151 ONTUMI3allii iXHbOI KOHCTPyKIii. 3acTocoBaHO Mozei TypOysieHTHOCTi (k—0), a Takoxk
MeToauKy Ennepa-Jlarpanxka i BABYEHHS PYXy IUCKPETHUX YACTMHOK Ta KOHIEHCALIMHUX MIPOLECIB Y 30Hi
3MmimyBaHHs. OTPMMAaHO IIPOCTOPOBI MOJISI TUCKY, MIBUAKOCTEH Ta MAPOBMICTY, SIKi JO3BOJIUIA BU3HAYNUTU
3aKOHOMipHOCTI (OpMYyBaHHS €(PEKTMBHOIO CTPYMEHSI Ta 30HM iHTEHCUBHOIO Maco0oOMiHy. Takox Oyj10 BUBHAUYEHO
ONTUMAJIbHI PEXUMU POOOTU Pi3UYHOTO EKCIIEPUMEHTY. Pe3ysIbTaTi MOAEIOBAHHS MiATBEPANIIN JOLIIBHICTh
3aCTOCYBaHHS ITpoQisbOBaHUX KaMep 3MIlllyBaHHSI eJlilTUYHOI, [1apaboJiivHoi, rinep6osivHoi Ta 32 popmysioio
BiTommHchKOro Ta nokasaio, 10 Hanbinbil e(peKTUBHOIO € napabosiyHa popma, sika 3abe3nedye HalBuUIIi 3HaYEHHS
koedinienTta mBuaKocTi (oo = 0,892-0,943), siKi € BUIMMH 32 TOKa3HUKMA KOHIYHOI KaMepH 3MilllyBaHHS, CTYIIiHb
nepeBMpOOHULITBA Napu (oo = 1,2-1,8) mpu 1jpboMy nepedyBae B LIMPOKOMY Jialla3oHi, 110 103BOJIsIE THYYKO
HaJIAIITOBYBaTH poboui pexxumu. Koedinient imxexuii (u = 0,028-0,036) nepesuiye 3Ha4eHHS 1151 KOHIYHO]
KaMepH, X04 i IOCTYNA€EThCS eNTUYHIN. ¥V MiICYyMKY, pe3yJIbTaTU YUCJIOBOTO I €KCIIEPUMEHTAILHOTO
MOJIEJIIOBAHHS, @ TAKOXK TEXHIKO-€KOHOMIUHOIO OOI'PYHTYBaHHS, JOBOISATS, IO YA,OCKOHAJIEHHS 3MilllyBaJIbHO]
KamMepH IUISIXOM MpodiaoBaHHS i reomMeTpii € mieBUM 3aCO060M MiIBUIEHHS €(EeKTUBHOCTI PiTHHO-TIAPOBUX
CTPYMUMHHUX anaparis. 3acrtocyBaHHs PIICA y ckiazi Cy4aCHUX TEIJIOEHEPTETUYHUX CUCTEM O3BOJISIE NOCITTU
CYTT€BOTO 3HIKEHHSI €HEPrOCIIOXKUBAHHS, NiJIBULIEHHS €KCEPreTUYHOI €(PEKTUBHOCT] Ta EKOHOMIUHOI
PEHTabeJIbHOCT] TeXHOJIOTIYHUX IIPOLECiB, 110 BU3HAYAE BUCOKMI MOTEHIIiajl [I01aJIbIIOr0 PO3BUTKY L[bOTO
HarpsiMy.

2. The dissertation is dedicated to solving a scientific and applied problem related to increasing the efficiency of
the working process in the mixing chamber of a liquid-vapor jet apparatus (LVJA), which operates on the principle
of jet thermocompression. The study focuses on profiling the flow path of the mixing chamber and investigating
the influence of thermodynamic parameters and characteristics of the active and passive flows on the mixing
process. A comprehensive analysis of modern calculation methodologies for equipment based on two-phase jet
devices was conducted to ensure improved efficiency of current heat-mechanical systems incorporating LVJAs.
For experimental research, a mathematical model was developed and a calculation methodology for the LVJA with



a mixing chamber was improved to enhance the efficiency of systems using such devices and to obtain flow and
energy characteristics. The input parameters were based on the range of initial conditions for the working fluid
exiting the nozzle of the active flow in the profiled diffuser section, at which the maximum efficiency of flow
through the channels is achieved, as well as the initial parameters of the passive flow medium at the mixing
chamber inlet. Chapter 1 presents an analysis of modern methods for calculating two-phase jet devices, revealing
that the mixing processes of two-phase flows depend on the physical parameters of the media and the geometric
characteristics of the mixing chamber. Among key influencing factors are temperature (370-450 K), relative
humidity (30-50%), the composition of the passive flow, pressure, and phase velocity. It was found that during
water-steam mixing, condensation phenomena occur, which alter the energy balance of the flow mixture at the
apparatus outlet. Effective mass transfer and minimized energy losses are achieved when the chamber length-to-
diameter ratio is optimal. Profiling the chamber walls improves flow dynamics, reduces turbulent losses, and
stabilizes mixing, while the optimal opening angle significantly enhances ejection efficiency. The necessity of
constructing a new mathematical model that considers the specific nature of active and passive flow mixing in a
profiled geometry chamber was substantiated. The numerical modeling was based on a range of real operating
parameters that ensure the highest efficiency of the active jet outflow and passive medium entrainment. Critical
geometric characteristics were determined, including the chamber configuration, convergence angle, length, and
profiling shape. The results were verified using 3D modeling software, which enabled visualization of flow behavior
and parameter variation during chamber operation, as well as identification of optimal conditions for physical
experiments. Chapter 2 presents a numerical study of the effect of mixing chamber geometry using CFD methods
based on the developed mathematical model for a profiled mixing chamber. The study analyzed technical and
energy characteristics of the LVJA. The influence of chamber geometric parameters revealed several practical
patterns valuable for design optimization. Turbulence models (k-0) and the Euler-Lagrange method were employed
to analyze discrete particle motion and condensation processes. Spatial distributions of pressure, velocity, and
vapor content were obtained, revealing zones of effective jet formation and intense mass transfer. Simulation
results confirmed the feasibility of using profiled mixing chambers of elliptical, parabolic, hyperbolic, and
Vitoshynskyi-form geometries. The parabolic shape proved most effective, providing the highest velocity
coefficient values (oo = 0.892-0.943), surpassing those of conical chambers. The steam overproduction ratio (oo =
1.2-1.8) was broad enough to allow flexible operational tuning. The injection coefficient (u = 0.028-0.036) was
higher than for conical chambers but slightly lower than for elliptical ones. Overall, the parabolic chamber
exhibited the best performance. In conclusion, the results of numerical and experimental modeling, along with the
techno-economic justification, demonstrate that enhancing the mixing chamber by profiling its geometry is an
effective method for improving the performance of liquid-vapor jet apparatuses. Integrating LVJAs into modern
thermal energy systems enables significant energy savings, increased exergetic efficiency, and improved economic
viability of technological processes, highlighting a strong potential for further development in this field
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