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Pedepar:

1. Incepraniiina po60Ta HalpaBjieHa Ha JOCiI)KeHHSI p060YOro MPoIecy COIljia aKTUBHOTO ITIOTOKY PilMHHO-
napoBoro cTpyMmuHHoro anapary (PIICA), mo npaijioe 3a IpUHIMIIOM CTPYMUHHOI TEpMOKOMITIpecii Ta
IOCJIiIKEHHIO BIIJIMBY TEOMETPUYHUX NapaMeTpiB AU(PY30pPHOi YACTUHU COIJIa aKTUBHOTO IIOTOKY Ha IIPOLieC
[apoyTBOPEHHS 3 METOIO ONTUMI3allii LIbOro Nnpouecy. Y iCHyl0YMX TEXHOJIOTIYHUX CUCTEMAX, € BUKOPUCTOBYIOThCSA
[IaPOCTPYMUHHI aniapaTy, MifBUILIEHHS TUCKY IIaCUBHOTO ITOTOKY BilOYBa€eThCS 32 paxyHOK eHeprii po6o4oro
CTPYMEHSI aKTUBHOTO ITOTOKY. BOHU MaloTh psifi 3HAUHUX HEMOJIIKIB, SIKi 3BY>KYIOTb MeXi iX 3acTOoCyBaHb Ta
IEPEIIKO/IKAIOTh BIOCKOHAJIEHHIO KOHCTPYKLi. Lle moB'a3aH0 3 0COGIMBOCTSIMU POOOUYOTO MPOLIECY, i CTOCYEThCS,
Hacamriepeq, 0OMe>KeHOro CTyIIeHs MiJBUIIEeHHS TUCKY B IAPOCTPYMUHHUX araparax, Heo6XigHOCTi IOCTiHO]
re”epalii po6oyoi napu y BeJuKii KiJIbKOCTI, 1110 BeJie 10 30i/bIIeHHS KijIbKOCTi JONOMDKHUX araparis, 110 BXOASTb
IO yCTaHOBKU. HaBeJieHi BuIlle HeIOIiKM iCHYIOUMX NapPOCTPYMUHHUX arperatiB IPU3BOISTh 10 aKTUBHOTO IOUIYKY
aJIbTepHATHBHOIO PillIeHHS, i OIHUM 3 TaKUX MO>Ke OyTU 3aCTOCYBaHHS OBOMa3HNK CTPYMUHHUX anaparis. OgHUM 3

[IePCIIEKTUBHUX PillleHb, B Pe3yJ/IbTaTi IKOr0 MOKHA AOCSITHU HifBULIEHHS e(eKTUBHOCT] iCHYI0OUMX YCTAHOBOK Ta



CTBOPUTU eHeproeeKTUBHI HOBi CUCTEMU MOXYTb OYTH PiIMHHO-TIApPOBi CTPYMUHHI anaparty, 3 BOZ0I0 B SKOCTi
po60Y0i pifuHM, SIK AIbTEPHATUBH, OCKIJIbKY L€ JielleBe POO0Ye CepeloBulle 3 BUCOKMMU [T0Ka3HUKAMU
e(eKTUBHOCTI. SIK BiZIloMO, BOJla Ma€ HM3KY YHiKaJIbHUX BJIACTUBOCTEN IIPY NEBHUX [IapaMeTPax, 1o €
nepcrnekTuBHUM 1714 ii 3actocyBanHs B PIICA. EdpexruHicTs PIICA, po6ounii npouec SIKoro 3aCHOBaHUI Ha
IIPUHLNIII CTPYMUHHOI TEPMOKOMIIPECIi HacamIlepes, 3aJ1€XKUTh Bif CTYIIEHS 3aBEPIIEHOCTI IIPOLIECIB
[IapOYTBOPEHHSI B COILIi aKTUBHOTO IIOTOKY. B TakoMy anapati reHepaliisi po6o4oi napu nNpoxoguTh BCepeNyHi
HBOTO, @ CaMe B Ha/I3BYKOBil IOT0 YaCTHHI COIJIa aKTUBHOI'O TIOTOKY, JI€ BiOyBa€ThCs IIPOLIEC pPesIaKCaliiHOTO
[IapOYTBOPEHHS HEJOTPITOI 10 HACMYEHHS po60YOi piguHu. [ came BiJ KOHCTPYKILii COIJIa aKTUBHOTO IIOTOKY Oy1ie
3ajiexxaty epeKTUBHICTD SIK CaMOTO arapary, Tak i CucTeMH B 1iisiomy. ToMy MeTOIO JaHOI IrcepTaliiiHoi po6oTu €
TOCJIiIPKEHHS ITPOLIECYy MapOyTBOPEHHS B COIJIAX aKTMBHOTO TIOTOKY 3 NPOQibOBaHOI0 HA3BYKOBOIO YaCTHUHOIO 3
OJIEP>KAHHSIM BUTPATHUX Ta €HEPreTUYHUX XapaKTePUCTUK, [0 BU3HAYA€ MONAJIbIII HUISIXY IiIBULIEHHS
e(eKTUBHOCTI CUCTEM Ha OCHOBI Takux anaparis. OCHOBHUM 3MiCTOM JucepTalii € yJ0CKOHa/IeHHS TeNa0(i3ndHOI
MOZEJIi Ta METOAUKY PO3PAaxXyHKy PiMHHO-TIapOBOr0 CTPYMMHHOTIO aapaTy 3 COIIOM aKTMBHOIO TIOTOKY
npodinboBaHOi HAJ3BYKOBOI YaCTUHMY, BUBHAUEHHSI [1ialla30Hy [1apaMeTPiB poboyoi piiHU aKTUBHOTO IOTOKY, 32
SIKMX MO>KJIMBE JJOCSITHEHHS MaKCHMMAaJIbHOI €(DEKTUBHOCTI ii BUTIKaHHS Yepe3 KaHaJlu, 0 PO3IUPIOIOTHCS, 3
[IOIIYKOM IIJISIXiB MifBULIeHHS e(peKTUBHOCTI CCTEM Ha OCHOBI TaKUX allapaTiB i ofiepsKaHHSIM BUTPAaTHUX Ta
E€HEPreTUYHUX XapPaKTEPUCTUK. AZLEKBATHICTh OTPMMAHOI MOJIeJIi MiATBEPIKEHO Pe3yIbTaTaMu
eKCIIEpPMMEHTaIbHUX fociifkenb PIICA 3 conyiaMy akTUBHOTO IIOTOKY €JIITUYHOI, 1apaboJIidHoi Ta rinepooJlidHoi
($opM HaI3BYKOBOI YACTUHU B Jlialla30Hax 11o4atkoBoro Tucky P01 = 6-20 6ap Ta TUCKYy Ha BUXOZi 3 coma Pa = 0,3-1
6ap. TeopeTnyHe NOCTIIKEHHS NIPOLECIB IAPOYTBOPEHHS B COIJIAX aKTUBHOTO MIOTOKY 3 MPOQiIbOBAHOIO
HaJI3ByKOBOIO YaCTUHOIO IIPOBOAMUJIOCH 3a JOIIOMOIOI0 CTBOPEHOI aBTOPOM METOAMKH Ta ITPOrPAMM PO3PaxyHKy Ha
OCHOBI IIPOTNIOHOBAHOI TeM10()i3nYHOI MOIeJIi, CTBOPEHOI aBTOPOM OyJ11 Oflep>KaHi 3aJ1eXKHOCTI 3MiHU TUCKY Ta
IIBAJKOCTI 3aKMAIIAI0YOT0 ITOTOKY B3[OBX HAJI3BYKOBOI YaCTMHU COIIA. B pe3ysbTaTi MAaTEMaTUYHOIO MOJETIOBAHHS
PiAMHHO-TIAPOBOr0 CTPYMUHHOTO anapary 3 Npo@isiboBaHOIO HaI3BYKOBOIO YaCTUHOIO N1apabosliyHoi, rinepoosiyHoi,
eJlinTu4Hoi GopM Ta popmMU, po3paxoBaHoOi 3a POpMyJI0I0 BiTOMMHCHKOrO B IpOorpaMHoMy KomIuiekci Ansys CFX
0yJ10 ofiepKaHO PO3NOLLI TEPMOJMHAMIUHNX Ta PEXKUMHUX MAPaMeTPiB 10 JOBXWHI COIJIa aKTUBHOTO IIOTOKY. B
Pe3yJbTaTi LbOro aHasizy 6ys0 BU3HAUY€HO KoeillieHT! MBUAKOCTI COILI 3 PO(isIbOBAHOIO HA/I3BYKOBOIO
YaCTHUHOIO, SIKi 3HaxoaThcs Ha piBHi 0,915-0,987. OnTrManbHOIO FeOMETPUYHOIO0 (POPMOIO HAZI3BYKOBOI YaCTUHU
COIlJIa MOKHA BBaXXaTU NapaboJIivuHy, AJ14 IKOi KoeillieHT MBUIKOCTI 3Hax0nuThcs Ha piBHi 0,93-0,987.
ExcniepumenransHe gociimxeHHs PIICA mano sMory nmiaTBepauTy MexXaHi3M IapOyTBOPEHHS B COIIAX aKTUBHOTO
IIOTOKY 3 NNPOQiIbOBAHOIO N1(Y30PHOIO YACTUHOI. [lijITHKA KaMepH 3MilllyBaHHS 3a COIJIOM aKTMBHOTO TIOTOKY
OyJia BUKOHAHA 3 [IPO30POro Marepiay, o 4O3BOJIMIIO 4iTKO BUSHAYUTH I10JIOXKEHHS IIEPEepi3y COIa, B IKOMY
BiZIOyBa€eThCS BiIpMB MOTOKY BiJ] CTiHOK KaHaily. TakoX 3aBIsIKU LIbOMY BiioyBasocs OOCIiIKEHHS PEXKUMHHUX Ta
€HepreTUYHUX 1apamMeTpiB CTpyMeHs po60YO0ro MOTOKY Ha BUXOZ] 3 COILI pi3HOi reoMeTpruyHOi popmy, a came
eJINTUYHOI, NapabosIiuHoi Ta rinep6osiuyHoi. B pe3yspTaTi IpoBeeHOro eKCIIEPUMEHTANIBHOTO JOCiI>)KEeHHS 6YJII0

BM3HAUYEHO KoedillieHTH MBUAKOCTI COILJT HA Pi3HUX peskuMax pobOTH.

2. The dissertation is devoted to the modeling of the working process of the nozzle in the liquid-vapor jet
apparatus (LVJA), which operates on the principle of jet thermal compression. The research investigates the
influence of geometric parameters of the diffuser part of the nozzle on the steam generation process to achieve
maximum efficiency of this process. The main content of the dissertation is the improvement of the mathematical
model and calculation methodology of the liquid-vapor jet apparatus with a profiled diffuser part of the nozzle. It
determines the range of initial parameters of the working fluid of the primary flow at which the maximum
efficiency of its discharge through expanding channels can be achieved. This involves seeking ways to improve the
efficiency of systems based on such devices and obtaining flow and energy characteristics. The adequacy of the
obtained model is confirmed by the results of experimental studies of LVJA with elliptical, parabolic, and
hyperbolic primary flow nozzles in the ranges of initial pressure P01 = 6-20 bar and outlet pressure Pa = 0,3-1bar.
The theoretical investigation of steam generation processes in nozzles with a profiled diffuser part was conducted
using the developed methodology and calculation program. As a result, optimal operational and geometric



parameters of nozzles with different geometric shapes of the diffuser part were determined, ensuring the highest
efficiency of steam generation processes. The feasibility of profiling was assessed by comparing with the efficiency
indicators of nozzles with straight walls of the diffuser part. Comparative analysis revealed that profiling allows not
only to increase efficiency indicators but also to improve the qualitative characteristics of nozzles, namely the
completeness of the steam generation processes. To visualize the results of theoretical research and verify the
correctness of the calculations according to the proposed methodology, the working process was modeled in the
nozzle using the Ansys CFX software, and root mean square errors were determined. The assessment of the
efficiency of the LVJA with a profiled diffuser part of nozzles was carried out using the exergetic method of
thermodynamic analysis, allowing the calculation of the exergetic efficiency of these devices. To determine the
economic effect of implementing LVJA, a modern method of evaluating cost indicators, namely, thermoeconomical
analysis, was applied. As a result, values of achievable efficiency indicators at different operating modes of LVIA
were obtained. The experimental study of LVJA confirmed the mechanism of steam generation in nozzles with a
profiled diffuser part. The mixing chamber area behind the was made of transparent material, allowing the precise
determination of the nozzle cross-section where the flow detaches from the channel walls. Also, this enabled the
investigation of the operational and energy parameters of the working flow at the outlet from nozzles of various
geometric shapes, namely elliptical, parabolic, and hyperbolic. As a result of the conducted experimental study,
velocity coefficients of nozzles at different operating modes were determined. The efficiency of implementing
installations based on LVJA with a profiled diffuser part of nozzles was analyzed using examples of a heat pump
system for heating needs, a vacuum cooling system for biodiesel fuel production and systems for removing
combustion products from steam generators of the boiler plants. The theoretical and experimental studies
provided guidance on choosing the geometric parameters of the diffuser part of the active flow nozzle in LVJA
when applied in thermomechanical systems.
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