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Pedepat/anoranis:

1. Inceprauiiina po60Ta IpUCBsSIYeHa BUPIlIEHHIO aKTyaJbHOI HAYKOBO-TEXHIYHO]I 3a/a4i i BUIEeHHS eHepreTH4HOI
€(EeKTUBHOCTI BiiLLlEHTPOBUX KOMIIPECOPIB MIJIIXOM yJOCKOHAJIEHHS reOMeTpii iX IPOTOYHOI YaCTUHY 3
BUKOPHCTaHHIM CY4aCHUX METOZiB KOMITIOTEPHOI'O MOJIE/TIIOBAaHHS Ta ONTHUMI3alii. AKTyalbHICTb AOCHiIKEHHS
3YMOBJIEHA 3HAYHOIO €eHEPTOEMHICTIO KOMIIPECOPHOT0 O6JIaiHaHHS Ta HEOOXIiIHICTIO MinBULIeHHS e(eKTUBHOCTI
110ro po6OTH Y IPOMHUCJIOBUX i €HePreTUYHUX yCTaHOBKax. O0'€KT NOCiIPKeHHS — ra30iMHAMIuHI IIpoliecH, 110
BiZOYBaIOThCA Y BiALIEHTPOBUX KOMIIpecopax. [IpeiMeT NOCiI>KeHHs — BIIJIMB T€OMETPUYHUX [TapaMeTpiB po6040oro
KoJsieca i1 gudysopa Ha eHepreTU4Hi XapakKTePUCTUKY KOMIIPECOPA, 3aKOHOMIPHOCTI pOpMYyBaHHS MOJIiB LIBUIKOCTI

Ta TUCKY, & TAKOX METOJIY iX ONTMMi3aLlii Ha OCHOBi €BOJIIOLIMHUX aJITOPUTMIB i YACEJIBHOTO MOJIEJIIOBaHHS. MeTo10



po6OTH € MigBUILIEHHS €HePreTUYHOI €(PEKTUBHOCTI BilLIEHTPOBOTO KOMIIPECOPA LIJIIXOM yIOCKOHAJIEHHS
reoMeTpii 1Oro NPOTOYHOI YaCTUHU 3 BUKOPUCTAHHSIM METO/IB YMCEJIbHOTO MOJI€/IIOBAHHS TeUii ra3y, CyporaTHOro
MOJ€JIIOBaHHS Ta €BOJIIOLiHUX aJITOPUTMIB 6araToOKpUTEpPiayIbHOI ONTUMI3ali. Y nepiiomMy po3zisi BUKOHAHO
aHaJli3 Cy4YaCHUX METOMIB JOCJiAKEHH BiILIEHTPOBUX KOMIIpecopiB. [loka3zaHo, 10 TpaauLiiiHi miaxoau, 3aCHOBaHi
HA CIIPOLIEHUX OLHOBUMIPHUX i JBOBUMIPHUX MOJEJISIX, HE JO3BOJISIOTh IIOBHOIO MipPOIO BilTBOPUTHU CKJIAIHY
TPUBUMIpPHY CTPYKTYpy Tedii. OGrpyHTOBaHO AOLINIbHICT BUKOPUCTAHHS yncesbHOro mogestosadHs (CFD) na
ocHOBI piBHsIHb HaB'e-CToKkca Ta KOMOiHOBaHUX MiAXOiB, s1Ki noeaHyoTh CFDoanamnis i3 MmeTogamu ontuMisaii. ¥
Ipyromy po3zisi po3po6yieHO MaTeMaTUYHY MOJieJIb TPMBUMIPHOI Tedii y BiiLleHTPOBOMY KOMIIPECOPi Ha OCHOBI
ocepelHeHMX 3a PeiiHonbpacom piBHaHb HaB'e-Crokca (RANS) i3 3acTocyBaHHSIM Cy4yaCHUX MOJieielt
TypOyJIeHTHOCTI. YncesbHi po3paxyHKku peanizoBaHo B cepenonuili ANSYS CFX i3 BUKOPUCTaHHSIM CEKTOPHOTO
niaxoy, o JO3BOJIMJIO CYTTEBO 3MEHIINTH OOUUCIIIOBA/IbHI BUTPAaTU. OTPUMAHO iHTErpasbHi XapaKTE€pPUCTUKU
KOMITPECOpa IpU Pi3HUX peKuMax poObOTH, BUSIBJIEHO KPUTUYHI 0671aCcTi GOPMyBaHHS BiJpUBiB IIOTOKY Ta
BU3HAYEHO HaMPSIMU MiJIBUIIeHHS edeKTUBHOCTI. TpeTiit po3nin mpucBsideHo Bepudikaliii Ta Basyigarii cTBOpeHoi
4ucesibHOI Mofieli. [IpoBefieHO NOPiBHSIHHS Pe3yJbTaTiB MOZEIOBAHHS 3 €KCIIEPUMEHTAIbHUMU JAHUMU, SIKe
I10Ka3aJ1o, 10 0XMOKA PO3PAXYHKIB He nepeBullye 5 %. BUKOHaHO NOCiIKEeHHs! BIJIMBY IapaMeTpPiB PO3PaxyHKY,
30KpeMa IIiJIbHOCTi O6UMCIIIOBAJILHOI CITKY, YMOB 30iKHOCTI Ta PaHUYHUX YMOB, HA TOUYHICTb Pe3yJbTaTiB.
[TokaszaHo, 110 po3pobJieHa MOJie/Ib MOXKe OyTU BUKOPUCTaHa SIK HaAiHUI iHCTPYMEHT 117151 JOCJIiIKEHHS Ta
ONTMMi3aLii IPOTOYHOI YaCTUHYU KOMIIPECOPA. Y YETBEPTOMY PO3Ziji peasi3oBaHO [TapaMeTpUYHe IIPOEKTYBAHHA
MOJIEPHI30BaHOTO PO6OYOro KoJieca Ta JIONATeBoro nudysopa i3 3acToCyBaHHSIM IIPOrPaMHUX KOMILIEKCiB ANSYS
BladeGen i Vista CCD. JlocifpkeHo BIIJIMB TeOMETPUYHUX [TapaMeTpiB, 30KpeMa KyTa HaxuJjly jionartei, Ha
XapaKTepUCTUKU KoMIlpecopa. [1o6ynoBaHO perpeciiiHi 3a71e>XHOCTi, 110 ONUCYIOTh 3MiHY CTYIIE€HSI CTUCKAHHS,
MaCOBOi BUTPATU Ta Koe(illieHTa KOPUCHOI [ii. Y pe3ysbTaTi IPOEKTYBAHHS JOCATHYTO MiABUILIEHHS IOJITPOIIHOIO
KK Ha 6 % Ta 6isbll HDK TPUpa30oBe PO3IMIMPEHHS 30HU BUCOKOe(EKTUBHOI poO60TH. Y II'SITOMY pO31iJi po3pobeHo
METOJMKY [1apaMeTPUYHOI Ta 6araTOKpUTepiabHOI ONTHMi3alii IPOTOYHOI YacTHHU KoMIlpecopa. Ha ocHoOBI
I[IJIaHYBaHHSI €KCIIEPUMEHTY 0Oy 0BAaHO CyporaTHi Mmogesi tuny Kriging, mo 103801110 3HaYHO CKOPOTUTH
KisbKicTb pecypcomictkux CFDopo3spaxyHKiB. ONTUMI3aliilo BAKOHAHO 3 BUKOPUCTaHHAM €BOJIIOLIMHOTO aJITOPUTMY
NSGA®II, mo 3a6e3neunso popmysaHHs [TapeTondpoHTY KOMIPOMICHUX pilleHb. OTprYMaHa ONTUMi30BaHa reOMeTpisl
D03BOJIAJIA BHUBUTHU BTPATH ITIOBHOTO TUCKY B Audysopi 3 23,6 % 10 5,4 % Ta CyTTEBO 3MEHIINTY €HTPOIilHI BTpaTu.
HaykoBa HOBU3HA POGOTHU IOJISITA€ Y BCTAHOBJIEHHI KiJIbKICHUX 3aKOHOMiIPHOCTE BIIJIMBY KIIIOYOBUX
KOHCTPYKTUBHUX [1apaMeTPiB IPOTOYHOI YACTUHU HA CTPYKTYPY TPUBUMIPHOI Tedii, piBEHb €HEPreTUYHUX BTPAT i
eeKTUBHICTb KOMIIPECOPA, A TAKOXX Yy PO3BUTKY METO/IiB 6araToKpUTepiaabHOi oNTUMIi3allii Ha OCHOBI iHTerpariii
CFDoMogieioBaHHs, CypOraTHUX MOJeJIel Ta €BOIOLIMHUX alrOpUTMIB. [IpakTH4He 3HAaYEHHSI OTPUMaHUX
pe3yJIbTaTiB NOJIATa€ y CTBOPEHHI €(PEeKTUBHOI METOAMKY ONTUMI3allii NPOTOYHOI YaCTMHU KOMIIPECOPA, 110
II03BOJISIE BMEHIINTY O0YUCIIIOBAIbHI BUTPATH, MiBUIIATY eHeproedeKTUBHICTh 00JI1alHaHHS, 3HUBUTU BTPATH Ta
po3mupuTy podounii fianazoH. Pe3ysbTaT poOOTH MOXYTh OYTH BUKOPUCTAaHI IPU IIPOEKTYBAHHI Cy4YaCHUX

KOMIIPECOPIB i TypOOMAIINH, a TAKOX BIPOBAMIKEHI Y BAPOOHULTBO Ta HABYAJILHUM [IPOLEC.

2. The dissertation is devoted to improving the energy efficiency of a high-pressure centrifugal compressor.
Research object are gas-dynamic processes occurring in centrifugal compressors. Research subject is the influence
of geometric parameters of the impeller and diffuser on compressor energy performance, the regularities of
velocity and pressure field formation, as well as methods for their optimization based on evolutionary algorithms
and numerical simulation. The aim of the work is to improve the energy efficiency of a high-pressure centrifugal
compressor by enhancing the geometry of its flow path using methods of numerical gas-flow simulation, surrogate
modeling, and evolutionary multi-objective optimization algorithms. The first chapter presents an analysis of
modern methods for studying centrifugal compressors. It is shown that traditional approaches based on simplified
one- and two-dimensional models do not adequately describe the complex three-dimensional flow structure. The
feasibility of using computational fluid dynamics (CFD) methods based on the Navier-Stokes equations and
combined approaches integrating CFD analysis with optimization techniques is substantiated. In the second
chapter, a mathematical model of three-dimensional flow in a centrifugal compressor based on Reynolds-averaged



Navier-Stokes (RANS) equations using modern turbulence models is developed. Numerical simulations are
implemented in the ANSYS CFX environment using a sector approach, which significantly reduces computational
costs. Integral compressor characteristics are obtained under different operating conditions, critical flow
separation zones are identified, and directions for improving the flow path geometry are determined. The third
chapter is devoted to verification and validation of the developed numerical model. A comparison of simulation
results with experimental data showed that the calculation error does not exceed 5%, confirming the reliability of
the model. The influence of computational parameters, including mesh density, convergence conditions, and
boundary conditions, on the accuracy of results is analyzed. The developed model is shown to be a reliable tool for
further investigation and optimization. In the fourth chapter, parametric design of a modernized impeller and
vaned diffuser is carried out using ANSYS BladeGen and Vista CCD software. The influence of geometric
parameters, particularly blade angle, on compressor performance is investigated. Regression relationships
describing the dependence of pressure ratio, mass flow rate, and efficiency on geometric parameters are obtained.
The designed impeller demonstrates an increase in polytropic efficiency by 6% and more than a threefold
expansion of the high-efficiency operating range. The fifth chapter presents a methodology for parametric and
multi-objective optimization of the compressor flow path. Surrogate models of the Kriging type are constructed
based on a design of experiments, significantly reducing the number of computationally expensive CFD
simulations. Optimization is performed using the NSGA-II evolutionary algorithm, resulting in a Pareto front of
compromise solutions. The optimized geometry provides a reduction in total pressure losses in the diffuser from
23.6% to 5.4% and a significant decrease in entropy losses. The scientific novelty lies in establishing quantitative
relationships between key geometric parameters of the flow path and the three-dimensional flow structure,
energy losses, and compressor efficiency, as well as in the development of multi-objective optimization
approaches integrating CFD modeling, surrogate models, and evolutionary algorithms. The practical significance of
the results consists in developing an effective methodology for optimizing the flow path of centrifugal
compressors, enabling reduction of computational costs, improvement of energy efficiency, reduction of losses,
and expansion of the operating range. The obtained results can be applied in the design of modern compressors
and turbomachinery and implemented in industrial and educational practice.
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MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupninyosa, Xapkis, XapkiBcbkuii p-H., 61002, Vkpaina
dopma BacHoOCTI: Jlepkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBIiTH | HayKy YKpaiHu

InmenTudikarop ROR:

VII. BizomocTi npo odiniiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBumie Im's I1o-6aTbKOBI:

1. Iapamnos Cepriit OneroBuy

2. Serhii Sharapov

KBasigikamis: . t. u., gou., 05.05.14
ImenTudikarop ORCID ID: 0000-0002-8433-8580
JonaTkoBa iHdopmalist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMCbKIIi J€PKaBHUI YHIBEPCUTET



Kog 3a €IPIIOY: 05408289

Micue3Haxoa>KeHHSI: By Xapkiscbka, Cymu, Cymchkuii p-H., 40007, Vkpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bamunpkui Oser Bosmogumuposuy

2. Oleg V. Zamytskyi

KBasigikamnis: n. 1. u., npodecop, 05.05.06

Imentudikarop ORCID ID: 0000-0002-8113-6369

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: KpMBOpi3bKuil HALIOHAJILHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 37664469

Micue3Haxoa KeHHS: yi. Bitanis Marycesuua, Kpusnii Pir, Kpuopisbkuii p-H., 50027, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. FOgin FOpiit OnekcifioBuy

2. Yuriy O. Yudin

KBasigikanis: x.r.u., nor,, 05.05.16
InenTudikarop ORCID ID: 0000-0002-9770-2273
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupnuyosa, Xapkis, XapKiBchkuii p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Kpyna €sreHin CepriiioBud



2. Evgeniy S. Krupa

KBasigikamis: . r. u., gou., 05.05.17
ImenTudikarop ORCID ID: 0000-0003-3997-3590
JonaTkoBa iHdopmalist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUii

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa KeHHS: By Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoMOCTi

Biacue IpizBume Im's I1o-6aThbKOBI Vearuit Onexcanzp I[lasosuy
rOJIOBH pagu

Biiacue IlpisBume Im's I1o-6aThKOBI Yearnit Onexcanpp I1aBnosu
rOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBimanbHuMil 3a MiArOTOBKY Azapos Anmipiii CeprifioBny
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




