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Pedepar:

1. Incepraujiiina po60Ta HalpaBjieHa Ha JOCiIP)KeHHsI pOO0YOro MpoLecy COIljla aKTUBHOT'O IIOTOKY PilMHHO-
[IapoBOro CTpyMUHHOrO anapary (PIICA), mo npaijoe 3a IpUHIMIIOM CTPYMUHHOI TEPMOKOMIIPECii Ta
IOCJIiIPKEHHIO BIUIMBY T€OMETPUYHNUX IIapaMeTpiB 11(y30pHOi YaCTUHU COIIa aKTUBHOTO TIOTOKY Ha IIPOLieC
[IapOyTBOPEHHS 3 METOIO ONTUMIi3allii LIbOro MpoLecy. Y iCHYI0YMX TEXHOJIOTIYHUX CUCTEMAX, € BUKOPUCTOBYIOThCS
[IaPOCTPYMUHHI aniapaTy, MiBUILIEHHS TUCKY IACMBHOTO IOTOKY BilOYBa€eThCS 32 paxyHOK €Heprii po604oro
CTPYMEHS aKTMBHOTO IOTOKY. BOHM MaloTh psj, 3HaYHUX HEJOIIKIB, Ki 3BYy)KYIOTb MEXKI iX 3aCTOCYBaHb Ta
NEPEIIKO/KAIOTh BLOCKOHAJIEHHIO KOHCTPYKIi. Lle moB’a3aHO 3 0COGJIMBOCTSIMU POOOYOTO MPOLECY, i CTOCYETbCS,
HacamIiepe;, 0OMe>XeHOro CTyIeHs MiJIBULEHHS TUCKY B IAPOCTPYMUHHUX araparax, HeoO0XiHOCTi IOCTiHO]

reHepariii pob6o4oi napu y BeJMKiil KiJIbKOCTI, 110 Beie 40 306i/bIIeHHS KiJIbKOCTi NOMOMIPKHUX allaparisb, 110 BXOMSITh



IO yCTaHOBKU. HaBezieHi BuIlle HeIOIiKM iCHYIOUMX MAPOCTPYMUHHUX arperatiB IPU3BOISATh 10 aKTUBHOTO ITOUIYKY
aJIbTEPHATMBHOTO PillleHHS], i OAHUM 3 TaKUX MOXKe 6YTU 3aCTOCYBAaHHS ABO(a3HMX CTPYMUHHUX anaparis. OfHUM 3
[IEPCIEKTUBHUX PillleHb, B Pe3yJbTaTi IKOr0 MOKHA JAOCSITH NifBULLIEHHS e(EeKTUBHOCT] iCHYI0UMX YCTAaHOBOK Ta
CTBOPUTH €HEProeeKTUBHI HOBi CUCTEMU MOXXYTb OYTU PiIMHHO-TIAPOBi CTPYMUHHI alapaTy, 3 BOAOIO B SIKOCTI
po060Y0i pifuHM, SIK AIbTEPHATUBU, OCKIJIbKY L€ JiellleBe POO0Ye cepeloBulle 3 BUCOKMMU [T0Ka3HUKAMU
e(eKTUBHOCTI. SIK BiZloMO, BOJla Ma€ HMU3KY YHiKaJIbHUX BJIACTUBOCTEN IIPY N€BHUX [IapaMeTPax, 10 €
nepcrnekTuBHUM 1714 ii 3actocyBanHs B PTICA. EdpexruHicTs PIICA, pobounii mpouec SIKoro 3aCHOBaHUI Ha
MIPUHLNII CTPYMUHHOI TEPMOKOMIIPECIi HacamIiepes, 3a7€KUTh Bifl CTYIIEHS 3aBEPIIEHOCTI IIPOLIECIB
[IapOYTBOPEHHS B COILIi aKTUBHOTO IIOTOKY. B TakoMy anapati reHepartiiss po604oi napu nNpoxoguTh BCepenrHi
HBOTO, a CaMe B Ha/I3BYKOBIl 1OT0 YaCTHHI COIJIa aKTUBHOI'O TIOTOKY, JI€ BilOyBa€ThCs IIPOLIEC peslaKCaliiHOTo
[IapOYTBOPEHHSI HEJOTPITOI 10 HAaCM4YEHHS po60Y0i piguHu. [ came Bif KOHCTPYKILii COIJa akTUBHOTO IIOTOKY Oyjie
3asie’KaTy e(PEKTUBHICTD SIK CAMOTO anapary, TaK i cuctemu B Liitomy. ToMy MeTOI0 JaHOi AucepTaliiiHoi poboTu €
TOCJIiIPKEHHS MTPOLieCy MapOyTBOPEHHS B COIJIAX aKTMBHOTO MOTOKY 3 NPOQibOBaHOI HAA3BYKOBOIO YaCTHUHOIO 3
OJIEP>KaHHSIM BUTPATHUX Ta €HEPreTUYHUX XapaKTePUCTUK, 1[0 BU3HAYa€ Oabllli HIISIXY I1iIBULIIEHHS
e€(EeKTUBHOCTI CUCTEM Ha OCHOBI TaKUX anapariB. OCHOBHMM 3MiCTOM JUCEPTaLii € yA0CKOHANIEHHS TENI0(i3ndHOI
MOJeJli Ta METOOVKN PO3PaxXyHKy PiJMHHO-TIaPOBOrO CTPYMUHHOTIO anapary 3 COIIOM aKTMBHOIO TIOTOKY
npodinboBaHOi HAJ3BYKOBOI YaCTUHY, BUBHAUEHHSI [1ialla30Hy [1apaMeTpiB poboyoi piiHN aKTUBHOTO IIOTOKY, 32
SIKMX MO>KJIMBE JJOCSITHEHHS MaKCHMMaJIbHOI €(DeKTUBHOCTI il BUTIKaHHS yepe3 KaHaJlu, 110 PO3IUPIOIOThCS, 3
MOIIYKOM ILJISIXiB MiABULIEHHS €(EeKTUBHOCTI CCTEM Ha OCHOBI TAKUX allapaTiB i OJlep>KaHHSM BUTPATHHUX Ta
€HEPreTUYHUX XapPaKTEPUCTUK. AZIEKBATHICTh OTPMMAHOI MOJIeJIi MiATBEPIKEHO Pe3yIbTaTaMu
€KCIIEpPMMEHTa/IbHUX flociifkenb PIICA 3 conyiaMy akTUBHOTO IIOTOKY €JIIITUYHOI, [1apaboJIivHoi Ta rinepooJiidHoi
(OopM HaI3BYKOBOI YACTUHM B Jialla30HaxX OYaTKoBOro Tucky P01 = 6-20 6ap Ta TUCKy Ha BUXO[i 3 coma Pa = 0,3-1
6ap. TeopeTnyHe NOCIIKEHHS NIPOLECiB IAPOYTBOPEHHS B COIJIAX aKTUBHOTO MIOTOKY 3 PO(iIbOBAHOIO
HaJ3ByKOBOIO YaCTUHOIO [TIPOBOAMIIOCH 3a JOTIOMOTOI0 CTBOPEHOI aBTOPOM METOJMKU Ta IIPOrPaMy PO3PaxyHKy Ha
OCHOBI IIPONIOHOBAHOI TENI0(i3NYHOI MOJEJIi, CTBOPEHOI aBTOPOM OyJIM Ofep>KaHi 3a/1e>KHOCTi 3MiHU THUCKY Ta
IIBAJKOCTI 3aKMAIIAI0YOT0 NOTOKY B3[0BX HaJI3BYKOBOI YaCTMHU COIIA. B pe3ysbTaTi MAaTEMaTUYHOIO MOIEIIOBAHHS
PiAVMHHO-TIAPOBOr0 CTPYMUHHOTO anapary 3 Npo@isiboBaHOIO HaI3BYKOBOIO YaCTUHOIO N1apabosiyHoi, rinepbosiyHoi,
eslinTu4Hoi GopM Ta popmu, po3paxoBaHoi 3a PopmMyJI0i0 BiTOMMHCHKOrO B IpOorpaMHOMy Komiwekci Ansys CFX
OyJI0 OJlepKaHO PO3IOLiT TEPMOIUHAMIYHUX Ta PEKMMHUX [1APAMETPIB IO TOBXUHI COIJIa aKTUBHOTO NOTOKY. B
PEe3yJIbTaTi L[bOr0 aHasi3y 0yJI0 BU3HAUYE€HO KoeillieHTH MBUAKOCTI COILI 3 MPO(isIbOBAHOIO HAI3BYKOBOIO
YaCTHHOIO, SIKi 3Hax0oaTbcs Ha piBHi 0,915-0,987. OnTrManbHOI0 reOMETPUYHOIO (OPMOIO HaJI3BYKOBOI YaCTUHU
COIlJIa MOKHA BBaXXaTU N1apaboJIiuxy, AJ14 Koi KoedillieHT MBUIKOCTI 3HaxoauThes Ha piBHi 0,93-0,987.
Excniepumentanbhie gociimkeHHs PIICA nano 3mory nigTsepayuTu MexaHi3M [apOyTBOPEHHS B COILIAX aKTUBHOIO
MIOTOKY 3 NPOQibOBAHOIO N1(Y30PHOIO YACTUHOI. JlifITHKA KaMepH 3MilllyBaHHS 3@ COIIJIOM aKTUBHOTO TIOTOKY
OyJia BUKOHAHA 3 [IPO30POro Marepiay, 1o 4O3BOJIMJIO YiTKO BUSHAYUTH I10JI0KEHHS IIEPEpPi3y COIa, B IKOMY
BiZOyBa€eTLCS BilpMB MIOTOKY Bif] CTIHOK KaHaily. TakoX 3aBISKHU LIbOMY BiZlOyBaloCs NOCJIIKEHHS PEKUMHUX Ta
€HepreTUYHUX 1apameTpiB CTpyMeHs po604O0ro oToKy Ha BUXOZI 3 COILI pi3HOi reoMeTpruyHOi popmu, a came
eJIINTUYHOI, NapabosiuyHoi Ta rinep6osiyHoi. B pe3yspTaTi IpoBeeHOro eKCl1epUMEeHTaNIbHOTO OCiI>KeHHs 6YJI0

BHU3HaY€HO KoedillieHTH MBUIKOCTI COILJI Ha Pi3HUX pekKrMax poOOTH.

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 PO1 = 6-20 bar and outlet pressure Pa = 0,3-1 bar.
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 LVJA
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 LVIA
when applied in thermomechanical systems.
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