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1. 3axkOHOMIPHOCTI BIIZIMBY KOHCTPYKTHMBHUX [1apaMeTPiB Ha KoeillieHT KOPUCHOI [Iii HACOCIB paKeTHUX JIBUTYHIB
BEPXHIX CTyIIEHIB

2. Patterns of influence of design parameters on the efficiency of pumps of liquid rocket engines of the upper
stages

Pedepar:

1. Y nepmomy po3zisii NpoBeAeHO KPUTUYHUI PETPOCIIEKTMBHUN aHali3 BeanduH KK]I HacociB SIK 3arajJibHOTroO
MaIIMHOOYyBaHHS, TaK i aBialiliHO-KOCMIYHOTO MpU3HaY€HHs. Y pe3yibTaTi IPOBEIEHOr0 aHali3y BCTAHOBJIEHO,
mo po6otu 3 ninBumenHs KKl akTyanbHi 1715 BCiX JlonaTeBux HacociB. OfHaK JIONaTeBi HACOCH 3arajbHOTO
MalKMHOOYYBaHHS BILOCKOHAJIIOIOTHCS MIJIIXaMH, SIKi He € IPUIHATHUMMU 1111 paKeTHOI TexHiku. Tak, BOHU He
JIiMiTOBaHi Macolo, ix 4acToTa 06€pTaHHS 3HaYHO MEHIIA, HiXX Y HACOCIB PAKETHOI TEXHIKMU. AJie y Cy4acCHil
niteparypi masno ingopmauii 3 nigsumeHHs: KKJI Hacocis THA PP]] PH BepxHix CTyIl€eHiB, sIKi Bilpi3HSIOTbCSI CYyTTEBO

6i7IpIIOI0 YACTOTOO O6EPTaHHS POTOpa. BifiCyTHIl KOMIIJIEKCHUH MifXif 3 BUBHAYEHHS BIIJIMBY KOHCTPYKTUBHUX



napamertpiB Hacoca THA PP]I Ha iioro KK]I. Lle 3yMOBJIIO€ aKTyaJIbHICTh IIPOBENEHOTO NOCIIIPKEHHS Ta OT0
IIPaKTUYHE 3HAYE€HHS B HAYKOBOMY CBITi; BiICYTHi/l MATEMaTUYHUN aJITOPUTM, 32 JOTIOMOTOIO SIKOTO MO>KHA
nigsumyty KK nacocis THA PP/l PH BepxHix CTyleHiB; HEOOXiIHO IPOBECTH KOMILJIEKCHE €KCIIEPUMEHTAJIbHO-
TEOPETUYHE JOCJIiIPKEHHS, Y Pe3yJbTarTi IKOro 6yLyTb po3p0o0JeHi MEeTONMYHI 3aCc06H, 5IKi JO3BOJISITh 32 KOPOTKUA
yac i 3 Bucokoro toynictio nigsuiysaty KK/ HacociB THA PP/l PH BepxHix cTymnenis. [Jpyruil po3zia npucBI4eHO
MOPiBHAJIBHOMY aHaJIi3y HalipHuXx i xapakrepuctuk KKJI HacociB okucmoBadya THA nporortumna i3 cy4acCHUMU
BMMOraMu. BCTaHOBJIEHO, 1110 32 YMOBY 3MiHHU 3a30Py MixK 6ypTaMU BiiLLIEHTPOBOIO KoJIeCa i MJ1aBAal0YMMHU KiJlbLISIMHY,
PO3paxyHKOBi i ekcriepyuMeHTasbpHi fai mono Besauanau KK]I Binpi3HsaoTbes Mixk co6o1o Ha 1,5%. Takox 3a
€KCIIEPUMEHTAJIbHUMU Pe3yJIbTaTaMU OTPUMaHi PiBHSIHHS, 32 JOIIOMOTOIO SIKUX MOJKHA BU3HAYUTHU BEJIUYMHY
koedinienra nanopy i KKJI Hacoca npu 3MiHi 3a30py MiX I1J1aBalOYMMU KiJIbLISIMU i OypTamu BifiLleHTPOBOTO KoJleca
HacociB THA PP]]. 3acTocyBaHHS IIHEKA 3MiHHOTO KPOKY 3aMiCTb IMIHEKa NOCTINHOro Kpoky 36inbmye KK Ha ~ 1,3
%. Buznaueno mo KKJI Hacoca 3HIKY€EThCS B cepeHbOMY Ha 3 %, KoedinieHT Hanopy 3HmXyeTbes 3 0,595 1o
0,5756 (Ha 3,3 %). 3umwxkenHs KK]I i koedilLlieHTy Hartopy Hacoca Bif0yBa€eThCs Yepes 30i/1blIeHHS BeJIMYMHI
rigpaBiiyHUX BTPAT MIX BifJLIeHTPOBUM KOJIECOM i CIlipajibHUM 30ipHUKOM. 3MEHIIEHHS TOBLIMHY JIONIATOK
BiILIEHTPOBOTrO KoJieca Ha BUXOZ] 3i BCMOKTYBasibHOI CTOpOHU 10 50 % Bin HoMiHaznbHOI nigBumye KK] Hacoca Ha
1,8 % i xoediuient Hanopy Ha 3,3 %. BctaHOBsEHO, [I7151 HacocCiB okucIoBaya ABUTYHIB N25 i N22 HasiBHICTh
[IePEINYCKHUX OTBOPIB y IPOBigHOMY nucKy nigsuiye KK/ Hacoca Ha 3,3 % BHACIIiLOK Kpaloi oprasisatii redii
PigyHU 110 TPOTOYHIN YaCTHHI Hacoca. Bu3HadyeHi rpaHWYHi YMOBU PEXXUMY Tedil yepes nepenyckHi oTBopu, IIpu
akux 3poctae KKJI: BesinyrHa CIiBBiHOIIEHHS MiXK BUTPATOIO Y€PE3 NEPEINYCKHI OTBOPH i BUTPATOIO Y€PE3 HACOC
ITOBMHHA 3HAXOAUTHUCH Yy niana3oHi Big 0,012 mo 0,019; cniiBBigHOMEHHS MK IIBUAKICTIO TeYii y IepenyCKHUX
OTBOpax i KOJIOBOIO MIBUAKICTIO Ha [jaMeTpi po3TallyBaHHs IEPEIyCKHUX OTBOPIB IOBUHHO 3HAXOAUTUCS Y
nianazoHi Big 0,0775 no 0,097. ITpu 3meHuIeHHi koedillieHTy BXOAY y BifjiieHTpoBe KoJyeco 3 6,85 o 6,31 KK i
MpUBeeHUI Harip Hacoca 3pocTae Ha 3 % i 1,7 % BignmoBigHO. Yepes BUKOPUCTAHHS GiJIbIIOrO YKMCIIa JIOTATOK
BiILlEeHTPOBOrO KoJjieca, KoedilieHT Harnopy 3pocTtae Ha 2,8 %, a KK]J - Ha 1,5 %. Y TpeTbOoMy pO3[iji MpoBeeHni
rJIMO0KUM BCEOIYHMI aHasli3 KaBiTalliiHUX XapaKTEePUCTUK HacociB okucioBada THA gsurynis N21i N22. BesnunHa
KaBiTalifHOro KoedilieHTa MBUIKOXiZHOCT] 3HM3MIIACS B IianasoHi Bif 385 mo 842 oguHuib. PO3rIsIHYTO BILINB
KOXKHOT'O KOHCTPYKTUBHOTO [TapaMeTpa Ha BeJIMYMHY KaBiTalliliHOro KoedilieHTa mBUAKOXiIHOCTI. BcTaHOBIIEHO,
1110 3MEHIIEHHS 3a30PiB MiX IJ1aBalOUYMMU KiJIbLSIMU i 6ypTaMy BiiLLEHTPOBOrO KoJleca MiBUILIYIOTh
AHTHMKAaBITaLilHi IKOCTi MIHEKOBIJLEHTPOBOro Hacoca. OTpMMaHi PiBHSHHS, 32 JOIIOMOIOI0 SIKUX MOJKHA BU3HAUYUTHU
BEJINYMHY KaBiTaliliHOTO KoediljieHTa MBUAKOXIIHOCTI HAcoca IIPU 3MiHi 3a30py MIXX I71aBal0YMMHU KiJIbLISIMH i
OypTaMu BifjlIeHTPOBOTO KoJjieca JJ1sl leCTy TUIIopo3mipis HacociB PP/I. 3meHIeHHs KoedillieHTa JiaMeTpa BXOLy Y
BiiLleHTpoOBe KoJseco 3 6,85 1o 6,31 (3MeHIIeHHs JjaMeTpa BXO/ly Y BifilileHTPOBE KO0JIECO) 3MEHIIY€E BETNYUHY
KaBiTalifHOro KoedilieHTa MBUIKOXiTHOCTI Bif, 73,8 mo 495 onunaunp. I1py 3MiHi BiZTHOCHOI TOBIIMHY BXiITHUX
KPOMOK JIOTIATOK BifIlIEHTPOBOTro KoJjieca i mueka Bif, 0,014142 no 0,0173 kaBitTauiitHui KoedillieHT NIBUIKOXiTHOCTI
Hacoca He 3MiHI0eTbCsl. KOHCTPYKTMBHI NapaMeTpH IJ1aBaloyoro Kijblis, pO3TalllOBAHOIO HA IIEPEHbOMY OYpPTY
BiZILIEHTPOBOTO KOJIECA TAKOX BILJIMBAE HA aHTUKABiTalilHi sskocTi Hacoca THA PP]l. BukoprucTaHHs KOHCTPYKILi
I171aBAI0YOro Kizblis, 361/1bl1ye BeIMYMHY KaBiTaluiiHOro KoedinieHTa mBHUIKOXiTHOCTI Hacoca B Aiana3oHi Bifg 444
10 645 oguHULB Yy IOPiBHSHHI 3 iHIIMMY BapiaHTaMU. Y 4eTBEPTOMY PO3[ijli po3p00JIeHO eKCIIEPMMEHTaIbHO-
PO3paxyHKOBY MeToauKY 3 nigpumeHHs KK]I Hacoca, sKa Mae HAaCTYITHI MOKJIMBOCTI: IIBUIKO i 3 BUCOKOI TOYHICTIO
Bu3HaunTy nigsumeHnsa KK Hacoca npu 3MiHi M1Oro KOHCTPYKTUBHMX [1ApAMETPIB, SKi 3alIPOTIOHOBAHO Y Ll
METOJMLIi; BU3HAYNTH, SIKUM YNHOM YCi 3MiHM KOHCTPYKTHMBHUX ITapaMmeTpiB Hacoca THA PP]l BimBaroTh Ha 10r0
aHTHKaBiTallilHi BJJACTUBOCTI; BUBHAUYUTH HEOOXiJHICTh pO3pOOKM HOBOTO HACOCA, SKILO 3MiHU BCiX

KOHCTPYKTUBHUX IIapaMeTPiB, sIKi BHECEHI y HACOC-TIPOTOTHIL, HE [aJIA PE3YJIbTaTy.

2. In the first section, a critical retrospective analysis of the CPR values of pumps of both combustion engineering
and aerospace applications was carried out. As a result of the analysis, it was established that the robots with the
advance of the pressure control valve are relevant for all shovel pumps. However, the shovel pumps of the
combustion machine are equipped with paths that are not suitable for rocket technology. So, the smells are not
limited by mass, their frequency of wrapping is significantly lower than that of rocket technology pumps. However,



the current literature has little information on the advance of the high-pressure pumps of the LRE pumps of the
upper stages, which are affected by a significantly higher rotation frequency of the rotor. This is a daily
comprehensive approach based on the determination of the design parameters of the LRE pump on the second .
This demonstrates the relevance of the research carried out and its practical significance in the scientific world; a
daily mathematical algorithm, with the help of which it is possible to advance the efficiency of the pumps of the
high-pressure pumps of the high-pressure pumps of the high-pressure pumps of the high-pressure pumps of the
upper stages; It is necessary to carry out a comprehensive experimental-theoretical investigation, the result of
which will be the disaggregation of methodological methods that will allow the CPD of the upper-stage LRE pumps
to be determined in a short hour and with high accuracy. Another section is devoted to the regular analysis of the
pressure and pressure characteristics of the TNA prototype oxidizer pumps using current conditions. It has been
established that by changing the gap between the collars of the over-center wheel and the floating rings, the
design and experimental data for the CCD values differ from each other by 1.5%. Also, based on the experimental
results, it is possible to calculate the value of the pressure coefficient and the efficiency factor of the pump when
changing the gap between the floating rings and the collars of the sub-center wheel of LRE pumps. It was
determined that the pump efficiency factor decreases by an average of 3%, the pressure coefficient decreases
from 0.595 to 0.5756. A decrease in the efficiency factor and the pump pressure ratio is achieved through an
increase in the hydraulic flow between the eccentric wheel and the spiral collector. A change in the thickness of
the blades of the eccentric wheel at the outlet from the winding side to 50% from the nominal increases the pump
efficiency by 1.8% and the pressure coefficient by 3.3%. It was found that for oxidation pumps of engines No. 5 and
No. 2, the presence of bypass openings at the conductive disk increases the pump efficiency by 3.3% due to the
better organization of fluid flow along the pump’s wet part. The values of the boundary flow regime through the
bypass openings, when the CCD increases: the value of the ratio between the flow through the bypass openings
and the flow through the pump is in the range of 0.012 to 0.019; The relationship between the fluidity of the flow at
the bypass openings and the fluidity on the diameter of the expansion of the bypass openings is in the range of
0.0775 to 0.097. The third section includes a deep comprehensive analysis of the cavitation characteristics of the
oxidizer pumps of TNA engines No. 1 and No. 2. The value of the cavitation fluidity coefficient decreased in the
range from 385 to 842 units. The infusion of the skin design parameter into the value of the cavitation fluidity
coefficient is examined. It has been established that changing the gaps between the floating rings and the collars of
the sub-center wheel will move the anti-cavitation components of the center-screw pump. It is possible to
calculate the value of the cavitation coefficient of the fluid speed of the pump when changing the gap between the
floating rings and collars of the eccentric wheel for six standard sizes of LRE pumps. The design parameters of the
floating ring, mounted on the front flange of the over-center wheel, are also integrated into the anti-cavitation
yokes of the LRE pump. Improved design of the floating ring, a higher value of the cavitation coefficient of the
pump speed in the range of 444 to 645 units equal to other options. The fourth section has developed an
experimental-experimental method for shifting the pump's CCD, which makes it possible to quickly and accurately
determine the displacement of the pump's CCD when changing its design parameters, as required this method was
renovated; This means that due to all changes in the design parameters of the LRE pump, this will affect the anti-
cavitation authorities; It is necessary to develop a new pump, since changing all the design parameters that were
added to the prototype pump did not yield results.
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dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo ocBiTH i HayKu YKpainu

InenTudikarop ROR:

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. [TaBneHko IBaH BosmoguMuposuy

2. Ivan Pavlenko

KBasidikanis: n. . u., npodecop, 05.17.08

InenTudgikarop ORCID ID: 0000-0002-6136-1040

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: CyMCBbKUII J€PKaBHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 05408289

MicueSHaxo,q)KeHHﬂ: ByJI. XapKiBcbKa, 0y1. 116, Cymu, Cymcobkuii p-H., 40007, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. Jonrononos Cepriii IBaHOBHY

2. Serhii Dolgopolov

KBasigikanis: x. 1. v., crapmmii HaykoBuii criiBpo6iThuK, 05.05.03
InenTudikarop ORCID ID: 0000-0002-0591-4106

HoaparkoBa iHdopmawist: https://scholar.google.com.ua/citations?user=mKOe9DAAAAAI&hl=ru;
https:/ /www.scopus.com /authid /detail.uri?authorld=57390865100

IToBHe HaﬁmeHyBaHHﬂ lopn,rmqﬂoi ocoowu: [HCTUTYT TexHiIYHOI MexaHiku HalioHanbHOI akamemii Hayk

Ykpainu i Jlep>kaBHOr0 KOCMIYHOI'O areHTCTBa YKpaiHu

Kopg 3a €IPIIOY: 05539962

Micue3Haxoa>KeHHSI: By Jlemko-Tlonens, 6yz. 15, uinpo, JIHinpoBcbkuii p-H., 49005, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InmenTudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I10-6aTbKOBI:

1. Byyapcekuii Basnepint JleoHigoBuy

2. Valerii L. Bucharskyi

KBasigikamis: . . u., gou., 05.07.05
InenTudikarop ORCID ID: 0000-0002-8245-5652

JoparkoBa inpopmanist: https://www.scopus.com/authid /detail.uri?authorld=5720167455;
https:/ /www.webofscience.com /wos /author /record /F-7491-2017

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: J[HINMPOBCHKMIl HAlliOHAIbHUI yHiBEpCUTET iMeHi Osecs

l'oHnuapa

Kopg 3a €IPIIOY: 02066747

Micue3Haxoa KeHHS: NpOCIeKT Hayku, 6yz. 72, IHinpo, JIHinpoBcbKkuil p-H., 49045, Ykpaina
dopma BiracHOCTI: /lepxasHa

Coepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBITH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. BonoTek0 Osiekcangp €BreHoBuY



2. Oleksandr Zolotko

KBasmigikanis: . 1. 1., gou., 05.05.03

Imentudikarop ORCID ID: 0009-0008-5600-500X

JonaTkoBa iHdopmalist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0CO0H: J[HINMPOBCHKMIA HAlliOHAIbHUI yHiBEpcUTeT iMeHi Osecs

['oHyapa

Kopg 3a €IPIIOY: 02066747

Micue3HaxoaKeHHS: npocnekt Hayku, 6ya. 72, JHinpo, JIHinpoBcbkuii p-H., 49045, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTtop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisIJIbHOCTI

Hasupos Cepri OsieKCaHgpoBud

Hasupos Ceprit OsiekcanapoBuy

Hocosa TersHa BasnepiiBHa

VKpIHTEI

Opuenko Tetsana AHaTosiiBHa



