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1. Incepraniiina po60Ta IpUCBIYEHA MiABUILEHHIO €eHEProe(eKTUBHOCTI CTPYMHUHHO-PEAKTUBHUX
posumupoBabHUX MalnH (CPPM) m1s1XoM nepexofly 4,0 KOHCTPYKIii po604yoro Kojeca KaHaJIbHOTO TUILY Ta
onTumizatii ii npoToyHoi YacTuHU. TeMa € akTyaJIbHOIO B KOHTEKCTI I7100aIbHOI AeleHTpartizallii eHeprocucTeM Ta
yTusnizanii noTeHuifiHoi eHeprii CTUCHEHNUX rasiB i mapyu Ha razopo3nofinbHuX cranuigax ((PC) Ta npoMucaoBux
nignpuemcrtsax. Ha BinMiHy Bif KJIaCUYHUX JIONIATKOBUX TYPOiH, sKi € HeJoLibHUMU y cerMeHTi 1o 500 kBT, Ta
icHytounx CPPM Ttpy6uacroro tuiy, unii KKJ] oomesxxeHnit 30 % yepes BUCOKUI aepoAUMHAMIUYHMI oIip,
3aIPONIOHOBAHA KaHAJIbHA KOHCTPYKLis 3a6e31e4ye BUCOKY HailHICTh Ta €(PEKTUBHICTb. Y pOOOTi yTOYHEHO
MaTeMaTU4Hy Mozesb po3paxyHKy CPPM Ta TeOpeTU4HO NOBENEHO, IO 3aCTOCYBaHHS IOKPUBHUX IUCKIB
PaJuKasbHO 3HWXKYE BTPATU HA aepOAMHAMIYHUI OIlip NOPiBHSAHO 3 TPyOYaCTUMU aHAJIOTaMH, OCKiJIbKY KoeillieHT
MOMEHTY TE€PTS CTa€ MEHIIMM Ha NOPAI0K. TaKoX yIOCKOHAJIEHO METOIUKY PO3PAXYHKY KoedillieHTa CTUCIUBOCTI
Ta JeTajbHO [IPOaHali30BaHO CTPYKTYPY BTPaT €Heprii. JJOCTOBIPHICTb TEOPETUYHUX HOCIIIKEHD NiITBEPIYKEHO
HaTyYpHUMU BUNIPOOYBaHHSIMU [IPOMUCJIOBOTO I1ApOBOro TypboreHepatopHoro arperaty IITTA-CPT-475-24 /0,5.



BcraHoBIeHO, mo npu 4acToTi obepranHs 25 000 06/XB 3arasbHa eJIeKTPUYHA MOTY>KHICTb arperaty ckiana 404
KBT. ¥ nepepaxynky Ha onHy CPPM kaHanbHOro Tuny BHyTpimHii KK nocsar 39,7 %, a noTyxHicTs - 220,4 kBT. 3a
nonomoroto komiiekcy ANSYS CFX i3 3acTocyBaHHSIM Mogiesli Typ6ysieHTHOCTI SST rpoBesieHo ynucesbHe
MOJEJII0BAaHHS po60YOro IPOLECY Ha BOJSHIN NMapi, o NigTBEpAUIO aleKBaTHICTb PO3PO0JIEHOI MOl
Po36ixHICTh MK PO3paxyHKOBUMU (MOTYXKHICTb 216,9 KBT, KpyTHuUit MomeHT 82,9 H-m, KK]I 39,3 %) Ta
eKCIIepMMEHTaJIbHUMU JaHUMU He niepesumuia 1,7 %. [JoBeneHo, 10 KOMIIPeCOpHUil e(eKT 306iJblllye BUTPATY
poboyoro Tina g0 5,4 %, a ra3oMHaMiuYHe 3aMMKaHHS y BUIJISAI CTPUOKA YIIiJIbBHEHHS Ha BXO[li B POTOP 3MEHIILyE
BUTOKY Yepes 3a30p 6isbil HixX yABiui. JocaimkerHs po6otu CPPM Ha nmpupoaHOMy rasi nokasaso, o
maxcumanbHuil KK (50,8 %) Ta notyxHicTs (206,8 kBT) mocsratorecs rnpu 30 000 06 /xB. 3aBIsSKY 3aCTOCYBAaHHIO
iTepaniiiHoi mokoopauHaTHOI ontumizaiii isoenTponirinuit KKl Bnanocs nigsumut Ha 8,63 % 10 ab6COMIOTHOTO
3HaYeHHs 55,6 %. OnTumanbHe BifHOMEHHS IO MiHiMasIbHUX NIepepi3iB MiABITHOTO i TATOBOTO COIEs CTAHOBUTD
0,63...0,8, a BinHOWIEHH AiaMeTpa BXOA4Y B POTOP A0 JiameTpa BUXOAY 3 MiaBigHOro coria gopisHoe 1,08. 3arasiom
IOBeJEeHO, o KaHasnpHa CPPM Mae Ha 20-25 % Buly eeKTUBHICTb [IOPIBHSHO 3 TPYOYaCTUMU aHAJIOTAMU.
BusnaueHo panjioHanbHy cdepy ii 3aCTOCYBaHH4, sIKa OXOIIIOE CUCTEMH YTUJIi3allii HafIMmKoBoro TucKy Ha I'PC ta
nianpuemMcTBax MoTyxHictio 7o 500 KBT. [IpakTU4He 3HaYeHHS OfIEP>KaHUX PE3yJIbTaTIB [10JIIra€e y CTBOPEHHI
HaginHoi MeToauky CFD-po3paxyHKy, YTOYHEHH] aJITOPUTMIB IPOEKTYBAHHS Ta HaJlaHHI KOHKPETHUX
reOMEeTPUYHMX PEKOMEHIALiH, 10 3a6€31euyI0Th NOCATHEeHHS MakcuManbHoro KK nif yac BUpOOHHUIITBA HOBUX

€Hepro3bepiraloymx arperaris.

2. The dissertation is devoted to improving the energy efficiency of jet-reactive expansion machines (JREM) by
transitioning to a channel-type impeller design and optimising its flow path. The topic is highly relevant in the
context of the global decentralisation of energy systems and the recovery of the potential energy of compressed
gases and steam at gas distribution stations (GDS) and industrial enterprises. Unlike conventional bladed turbines,
which are impractical in the sub-500 kW capacity segment, and existing tubular-type JREMs, whose efficiency is
limited to 30% due to high aerodynamic drag, the proposed channel design ensures high reliability and efficiency.
The work refines the mathematical model for JREM calculation and theoretically proves that the use of shroud
discs radically reduces aerodynamic drag losses compared to tubular analogues, as the friction moment coefficient
decreases by an order of magnitude. The methodology for calculating the compressibility factor is also improved,
and the structure of energy losses is analysed in detail. The reliability of the theoretical research is confirmed by
full-scale tests of the industrial steam turbogenerator unit PTGA-SRT-475-24/0.5. It was determined that at a
rotor speed of 25,000 rpm, the unit's total electrical power was 404 kW. Recalculated for a single channel-type
JREM, the internal efficiency reached 39.7%, and the power output was 220.4 kW. Using the ANSYS CFX software
package with the SST turbulence model, a numerical simulation of the working process on steam was conducted,
confirming the adequacy of the developed model. The discrepancy between the calculated data (power of 216.9
kW, torque of 82.9 N'm, efficiency of 39.3%) and the experimental data did not exceed 1.7%. It was shown that the
compressor effect increases the mass flow rate of the working fluid by up to 5.4%, while gas-dynamic sealing via a
shock wave at the rotor inlet reduces gap leakage by more than half. The study of JREM operation on natural gas
showed that the maximum efficiency (50.8%) and power (206.8 kW) are achieved at 30,000 rpm. Through iterative
coordinate descent optimisation, the isentropic efficiency increased by 8.63% to 55.6%. The optimal ratio of the
minimum cross-sectional areas of the inlet and thrust nozzles ranges from 0.63 to 0.8, and the ratio of the rotor
inlet diameter to the inlet nozzle exit diameter is 1.08. Overall, it was shown that the channel-type JREM has
20-25% higher efficiency than its tubular analogue. The rational scope of its application was determined,
encompassing overpressure energy recovery systems at GDSs and industrial enterprises with a capacity of up to
500 kW. The practical significance of the results lies in the development of a reliable CFD methodology, the
refinement of design algorithms, and the provision of specific geometric recommendations to achieve maximum

efficiency in manufacturing new energy-saving units.
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IIoBHe HaﬁMeHyBaHHH lOpI/I,ILH'{HOi 0COOM: JlonzuHchKa [TomiTexHika

Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS: ByJI. JKepoMCBKOro (Zeromskiego), Jlon3b, 90-924, IMoapma
dopma BiracHOCTI: /lepxasHa

Cdepa ynpasiriHHS:

InenTudikarop ROR:

VII. BizmomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OTIOHEHTH

BaacHe IlpizBume Im's I10o-6aTbKOBI:

1. PagueHko MukoJia IBaHOB1UY

2. Mykola Radchenko

KBasigikamis: n. 1. u., npodecop, 05.08.05

InenTudikarop ORCID ID: 0000-0002-1596-6508



JoparkoBa iHdpopmamnist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcUTeT KOpabieGyyBaHHs iMeHi

angmipana MakapoBa

Kopg 3a €IPIIOY: 02066753

Micue3HaxoO KeHHSI: npocrekT [epois Ykpainu, Mukosais, MukosnaiBchkuit p-H., 54007, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudgikarop ROR: 04ymclw90

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Typuk Bonogumup Mukosanosud

2. Volodymyr Turyk

KBasigikamis: . r. u., mou,., 05.14.05
ImenTudikarop ORCID ID: 0000-0002-2357-4483
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainm "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kog, 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, Kuis, 03056, Ykpaina
dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. llapanos Cepriit OsieroBuy

2. Serhii Sharapov

KBasigikanis: . t. u., gom,., 05.05.14

InenTudgikarop ORCID ID: 0000-0002-8433-8580

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHUAHUYHOI 0COOHM: CyMCBbKUIL J€PKaBHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 05408289

Micuesnaxo,rm(eunﬂ: ByJI. XapKiBcbKa, Cymu, CyMmcbkuii p-H., 40007, YKpaiHa
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. I'ycak Onekcanap 'puroposuy
2. Oleksandr Husak

KBasigikamis: . r. u., npodecop, 05.05.17

ImenTudikarop ORCID ID: 0000-0002-4737-3838

JoparkoBa iHdopmamist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMChbKIIi J€PKAaBHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 05408289

Micue3Haxo>KeHHS: Bys. Xapkiscbka, Cymu, CymcbKuii p-H., 40007, Vkpaina
dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI

Bsiacue IlpisBume Im's I1o-6aThKOBI CotHuk MuKosa IBaHOBHY

TOJIOBH pajgu

Bsacue IlpisBume Im'st [To-6aThKOBI CorHuk Mukosa IBaHOBITd

TOJIOBYIOYOTO Ha 3acCiiaHHi

BiznoBigansHHH 3a MiATOTOBKY Boiiko AHTOH O7eKCaHapOBUY
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop [Opuenko TersiHa AHaToJiiBHA

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHarosiiBHA

OisSIIBHOCTI




