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Pedepar:

1. Incepranifina po60Ta IpUCBIYEHA JOCIIKEHHIO 3aCTOCYBaHHSI KOHTPPOTOPHOTrO €(eKTy y BilLlEHTPOBUX
Hacocax sK 3aco0y iHTeHcu@ikallii po604Yux NPOLECiB 1J1s MiABULIEHHS HallipHUX XapaKTePUCTUK IPU 3HUKEHHi
MarepiajloEMHOCTI Ta EHEPreTUYHUX BUTPAT Ha BUTOTOBJIEHHS, TPAHCIIOPTYBAaHHS 1 eKCIuTyaTanilo. OCHOBHY yBary
IIpUAiNIeHO aHasi3y rigpoArHaMiYHUX MPOLECIB y IPOTOYHIN YaCTHHI TP KOHTPPOTOPHOMY 06€pTaHHI POOOYNX
OpraHiB Ta BU3HAYEHHIO ONTMMaJIbHUX KOHCTPYKTUBHUX ITapaMeTpiB. [171s1 HOCiI)KeHb pO3pO0JIEHO MAaTEMATUYHY
MOJIeJIb KOHTPPOTOPHOTO CTyIEHs (po6oue KOJIeCO Ta KOHTPPOTOPHUI JHUCK), KA 4,03BOJIMIIa BUKOHATH
napaMeTpUYHi po3paxyHKH, 3iICTaBUTH pe3yJIbTaTH 3 TEOpPi€lo NOAIGHOCTI Ta cpopMyBaTH 6a3y [Jisl IOAAIBLIOTO
mogzemoBaHHs B ANSYS CFX. V nnepimomMy po3zini IpoBeneHo aHasi3 IyKepesl oL0 3aCTOCYBAaHHA KOHTPPOTOPHOTO
edexTy B HacOCOOYIyBaHHi, PO3IJISIHYTO CY4aCHi METOJIMKMA PO3PAXYHKY IIOTOKIB i OGI'PYHTOBAHO BUOIp METOLY

IOCTiIKeHHs. BcTaHOB/IEHO, 10 3aCTOCYBaHHS KOHTPPOTOPHOro e(eKTy Y BillleHTPOBUX HacOCax Maibke He



IOCIiIXeHe, TOJi K 111 OCbOBMX HACOCIB TaKi pillleHHS BXe PO3risifaTbes. OTXe, aKTyaylbHICTh pOO0TH
3YMOBJIEHA HEIOCTATHBOIO BUBYEHICTIO LIbOTO MiTXONy IJ1s BilIEHTPOBUX HACOCIB, IO BiAKPMUBA€E NEPCIIEKTUBU
nigBuIeHHs ix eeKTUBHOCTI 6€3 30i/IbIIeHHS TabapuUTiB i MaTepialoeMHOCTI Ta 3a6e3redyeHHsI BUMOT
€Hepro36epeskeHHs1. Y Apyromy po3fiji Ha OCHOBI pO3p006JIeHOi MaTEMAaTUYHOI MOZeJli KOHTPPOTOPHOT'O CTYIIEHS
c(pOpMOBAHO HaMipHO-€HEPreTUYHi XapaKTEPUCTUKY 3aJIEXKHO BiJ] TEOMETPUYHUX [TapaMeTPiB (KiIbKiCTh JIoNaTel,
KyT iX yCTaHOBKHY, CIIiBBiJHOIIEHHS [liaMeTPiB POOOYMX OPraHiB i 3a30p MK HUMU) Ta YACTOTU OOEPTAHHSI.
3anpornoHOBaHO METOJ, BU3HAYEHHS TEOPETUYHOTrO HAIlOPY Ha OCHOBI piBHSHD Eisiepa. [IpoBesieHO uncioBuit
aHaJli3 BIJIMBY FeOMETPii JioraTeii, 4acTOT! 06epTaHHs Ta JliaMeTpa KOHTPPOTOPHOTO IYcKa. BcTaHOBIEHO, IO
OCHOBHMMU YMHHUKaMU (OPMYBaHHS HallipHO-€HEPreTUYHNX XapaKTePUCTUK € YaCTOTa O0EPTaHHS, KyT
YCTaHOBKU Ta KiJIbKICTb Jionareil. JliaMeTp AyucKa TakoXX CyTTEBO BIJIMBA€ Ha HaMip, TOZ] K 3a30p MixX pobounmu
opraHaMy Mae IPYropsiiHUNA XapakTep i IOB’s13aHUI IEPEBAKHO 3 KOHCTPYKTUBHOIO TOYHICTIO. BogHO4Yac 3miHa
3a30py IPAKTUYHO He BIUIMBAE HA HAIIIP, ajle BU3HA4Ya€ PiBeHb 00'€MHUX BTPAT i TEXHOJIOTIUHY SIKICTh KOHCTPYKLi. ¥
TPeThbOMY PO37iJi OCHOBHY yBary NpuaijieHO aHajli3y pPeXXUMiB poOOTH KOHTPPOTOPHOIO CTYIIEeHS B 00J1aCTi
MaKCHMMaJIbHOI eHeproe@eKkTuBHOCTI (Qbep). BctaHOBIEHO, 1110 HAaBUILi IOKa3HUKU €(PEKTUBHOCTI JOCSATal0ThCsI
IIpU 4acToTi 06epTaHHs 6113bko 3000 06,/XB i palioHaJIbHOMY NO€JHAHHI 4KCIIa JIonaTei 5-7 3a MayuX KyTiB ix
YCTaHOBKH, 1110 3a6e3neuye Bucokuii KKII. Kondirypariis 3 BicbMoma sionatsmu rpu KyTi 0° € JOLiIbHOIO [171s
PEKUMIB, Tle PIOPpUTETHUM € MakcuMasbHUM Hamip. [TokazaHo, 10 36i/1bLIeHHS iiaMeTpa KOHTPPOTOPHOTO AycKa B
nianasoni k = 1,35-1,55 npus3BogUTb N0 CTIIIKOro 3pOCTaHHSI HAMOPY, TaK IpU 30iybIIeHHi fyucka Ha 30 MM Hamip
3pocras 6inbi HixK Ha 50 M, a KK]I migBuiysascs npubiausHo Ha 8 %. OntumManbHuM Bu3HaHO k = 1,35 sk
KOMITPOMIC MK HallipHUMU Ta MacorabapUTHUMU XapaKTepUCTUKaMu. BIyiuB 3a30py Mixk po60YMMU OpraHamu €
MEHII 3Ha4HUM. oro 36ibienHs 3 1 10 5 MM CIIPUYMHSAE 3HUKEHHS HATOPY TPUGIU3HO Ha 15 M i MOTYKHOCTI 110 5
%, npu uboMy KK]I mpakTU4YHO He 3MiHIOETBCS. [JOIATKOBO MiATBEPIKEHO, 10 KOHTPPOTOPHUI CTYIIiHb
[iATNOPSIKOBYETHCS 3aKOHAM IOII6HOCTI, 110 [03BOJISE 3MiICHIOBATY [IepePaxyHOK PEXXUMIB yepe3 3MiHYy 4aCTOTH
obepTaHHS. Tako>X BCTAHOBJIEHO MO>KJIMBICTb 3aCTOCYBaHHSI 3arajlbHONPUMHSITOI METOAVKN PO3PaxXyHKY BifjBiJHOTO
IIPUCTPOIO: IpHU IbOMYy MakcrumManbHuil KK]I 3MeHIIyBaBcs Ipu6GIM3HO Ha 5 %, a Hamip — Ha 4 %. YV yeTBepTOMy
PO3iJii IPECTaBIEHO AJITOPUTM IIPOEKTYBAHHA BiZJLIEHTPOBOIO HACOCA 3 KOHTPPOTOPHUM CTYIIEHEM, 3aCHOBAHUN
Ha Teopii oiOHOCTI Ta aHasi3i MOJleIbHUX XapaKTEePUCTHK. BUKOHAHO PO3paxyHOK poO0YMX PEKMMIB i IlepeBipky
TOYHOCTI NIapaMeTPiB, IIPU LIbOMY PO30DKHICTb i3 HATYPHUMU JaHUMU He nepesuinye 3 %. TakoX BUBHaY€HO
[IOKa3HMUKU KUTTEBOTO LUKJIy (€Heproe(eKTUBHICTb i MaTepiaJIoOEMHICTD), HA MiICTaBi SIKUX TOBEJEHO IIepeBaru
KOHTPPOTOPHOT'O HACOCA LIO0JI0 MOE€LHAHHS BUCOKOI €PEKTUBHOCTI Ta KOMIIAKTHOCTI. Y YaCTHHI KOHCTPYKTUBHO]
peasizallii po3paxoBaHO KOHIYHY 3y04acTy Iepenauy 1 3a6e3ned4eHHs KOHTPPOTOPHOro 06epTaHHs,
3aIIPOIIOHOBAHO MOJIEJIb BU3HAUEHHSI OCbOBOTIO 3yCUJLIS Ta PO3PO6JIEHO 3arajlbHy KOMIIOHOBKY KOHTPPOTOPHOTO

HACO0CA, WO MiATBEPIKEHO NIATEHTAMU Ha KOPUCHI MOJIEJII.

2. The dissertation is devoted to the study of the application of the counter-rotating effect in centrifugal pumps as
a means of intensifying working processes to increase head characteristics while reducing material intensity and
energy consumption for manufacturing, transportation, and operation. Special attention is given to the analysis of
hydrodynamic processes in the flow passage under counter-rotation of the working elements and to the
determination of optimal design parameters. For the research, a mathematical model of a counter-rotating stage
(impeller and counter-rotating disk) was developed, which enabled parametric calculations, comparison with
similarity theory, and the formation of a basis for further numerical simulation in ANSYS CFX. In the first chapter,
an analysis of the literature on the application of the counter-rotating effect in pump engineering is carried out.
Modern methods of flow calculation are reviewed, and the choice of the research approach is substantiated. It is
established that the application of the counter-rotating effect in centrifugal pumps has been studied to a very
limited extent, whereas such solutions are already considered for axial pumps. Therefore, the relevance of the
work is determined by the insufficient investigation of this approach for centrifugal pumps, which opens prospects
for improving their efficiency without increasing size, material consumption, and while meeting energy-saving
requirements. In the second chapter, based on the developed mathematical model of the counter-rotating stage,
head and energy characteristics are formulated as functions of geometric parameters (number of blades, blade



installation angle, ratio of working element diameters, and the clearance between them) and rotational speed. A
method for determining theoretical head based on Euler’s equations is proposed. A numerical analysis of the
influence of blade geometry, rotational speed, and counter-rotating disk diameter is carried out. It is established
that the main factors influencing head and energy characteristics are rotational speed, blade installation angle, and
number of blades. The disk diameter also significantly affects the head, while the clearance between working
elements has a secondary role and is mainly related to manufacturing accuracy. At the same time, changes in
clearance have almost no effect on head but determine volumetric losses and the technological quality of the
design. In the third chapter, the main focus is placed on the analysis of operating modes of the counter-rotating
stage in the region of maximum energy efficiency (Qbep). It is established that the highest efficiency is achieved at
a rotational speed of approximately 3000 rpm and with a rational combination of 5-7 blades at small blade angles,
ensuring high efficiency. A configuration with eight blades at a 0° angle is found to be suitable for operating
conditions where maximum head is the priority. It is shown that increasing the diameter of the counter-rotating
disk in the range k = 1.35-1.55 leads to a steady increase in head; specifically, an increase of the disk diameter by 30
mm results in a head increase of more than 50 m, while efficiency rises by approximately 8%. The optimal value is
identified as k = 1.35 as a compromise between head and mass-dimensional characteristics. The influence of the
clearance between working elements is less significant: increasing it from 1to 5 mm results in a head reduction of
approximately 15 m and a power decrease of up to 5%, while efficiency remains practically unchanged.
Additionally, it is confirmed that the counter-rotating stage follows similarity laws, which allows performance
scaling through rotational speed variation. It is also demonstrated that the conventional methodology for diffuser
design can be applied; in this case, the maximum efficiency decreases by approximately 5%, and the head by 4%. In
the fourth chapter, a design algorithm for a centrifugal pump with a counter-rotating stage is presented, based on
similarity theory and analysis of model characteristics. Operating regimes are calculated and parameter accuracy
is verified, with deviations from experimental data not exceeding 3%. Lifecycle indicators (energy efficiency and
material intensity) are also evaluated, demonstrating the advantages of the counter-rotating pump in terms of
combining high efficiency with compact design. Regarding structural implementation, a bevel gear transmission is
designed to ensure counter-rotation, a model for determining axial thrust is proposed, and a general layout of the
counter-rotating pump is developed, which is confirmed by utility model patents.
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