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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BY€HOI pagHy (pa30Boi creniaai3oBaHoOi BY€HOI pagu). 1d 08.051.090 ID
6082 Bekinos C.III.
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Kopg 3a €IPIIOY: 02066747
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IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: J[HINMPOBCLKMIt HAlliOHAIbHUI yHiBEpCUTET iMeHi Osecs
['oHuapa

Kopg 3a €IPIIOY: 02066747
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V. BimoMocTi npo guceprariio
MoBga guceprTaliiii: Vkpaincbka
Koau TemMaTHYHHUX PYOPHK: 55.42.49.31

Tema gucepranii:
1. IligBUIEHHS TiIpaBIiYHUX XapaKTEPUCTUK TPAKTIB PilMHHUX PAKETHUX IBUTYHIB, BATOTOBJIEHHUX i3

3aCTOCYBAHHAM dIUTUBHUX TE€XHOJIOTI

2. Enhancement of hydraulic characteristics of ducts of liquid rocket engines manufactured using additive
technologies

Pedepar:

1. 3giT mpo HJIP. 207 c., 103 puc., 74 Tab., 102 mxepena O6'exT pocaimkeHHs: I'igpasiniuni npouecu B Tpaktax PP,
BUTOTOBJIEHUX i3 3aCTOCYBaHHSIM alUTUBHUX TEXHOJIOTIN. MeTa AucepTaliliHOrO AOCiI>)KEHHS [10JIIra€ y CTBOPEHHI
ePeKTUBHOI METOAVKY IIPOEKTYBAHHS TPAKTIB PiTUHHMX PAKETHUX [IBUTYHIB 3 HiIBULIEHNMU TipaBIiyHNMU
XapaKTepPUCTHMKaMU Ha OCHOBi BU3HAUEHUX 3aJIe>KHOCTEN KoedillieHTy BUTPATU Bifj KOMIIJIEKCY T€OMETPUYHUX
IapaMeTpiB BilLIEHTPOBUX (POPCYHOK, BUTOTOBJIEHHUX i3 3aCTOCYBaHHSM aJUTUBHUX TEXHOJIOTi. MeTonu
IOCJIIPKEHHS: €KCIIEPMMEHTAJIbHE NOCIIIKEHHS], TIOPIBHSHHS €KCIIEPUMEHTAIbHUX JAHUX, KPUTUYHUN aHAJII3,

perpeciiinuii aHasis, meTasorpadiuauil aHais. Pesysnbratu pociimkenHs: Ha 6a3i nposeneHux



€KCIIepUMEHTAJIbHUX JOCiIpKeHb 6yJI0 TPOBEIeHO aHali3 3MiHM KoedillieHTy BUTPATH BiJILIeHTPOBUX (POPCYHOK,
BUTOTOBJIEHUX i3 3aCTOCyBaHHAM TexHoJiorii L-PBF. Bysa 3anpornoHoBaHa 3aj1eKHICTh 3MiHU Koe(illieHTy BUTpaTH
BiJ], KOMIIJIEKCY F€EOMETPUYHUX ITaPaMETPiB, 110 J03BOJISE€ IIPOTHO3YBATH TiIpaBIliyHi XapaKT€PUCTUKN
BiZLleHTPOBUX (POPCYHOK Ha PaHHIX eTanax poeKTyBaHHs. Ha OCHOBI 3alponIOHOBaHOI 3aJ1€5KHOCTI Oys1a
pPO3po6JIeHa METOIMKA ITPOEKTYBAHHS BiILLEHTPOBUX (POPCYHOK, BUTOTOBJIEHHUX i3 3aCTOCYBaHHSIM TE€XHOJIOTIi L-
PBF. ExcnepuMeHTa/IbHO NiATBEPIyKEHO MiBUIIEHHS IMTOMUX XapPaKTEPUCTUK KaMep PilMHHUX PAKETHUX

I BUT'YHIB, TOOY0BaHUX Ha 6a3i CUCTEM CyMilllOyTBOPEHHSI, BATOTOBJICHUX i3 3aCTOCYBAaHHSIM aIUTUBHUX
TEXHOJIOTiH. ByJio HOCiI)KeHO 3MiHy MIOPCTKOCTI IOBEPXOHb BUPOOiB, BUTOTOBJIEHHUX i3 3aCTOCYBAHHSIM TEXHOJIOTI]
L-PBF, B 3a71€5KHOCTI Bifj KyTa Haxuy BifHOCHO HANpsSIMy IIpoliecy BUPOOGHUIITBA. Ha OCHOBI IpoBeeHHs
perpeciiiHoro aHanisy JaHux MeTanorpagivyHoro AOCHiIKeHHs JOCTiTHUX 3pa3KiB 6yJI0 3aIIPOIIOHOBAHO EMITiPUYHI
3aQJIEXKHOCTI, 10 JO3BOJISIIOTh IPOTHO3YBATU [1aPAMETPU LIOPCTKOCTI IOBEPXOHb BUPOOiB AUTUBHOTO BUPOOHUILITBA
Ha paHHIX eTanax NpoeKTyBaHHA. Pe3ynbTaTu po60TU anpo6oBaHi Ha nignpuemcrsax TOB «/lninpo Aepocneic» Ta
TOB «OJIANT KOHTPOJI». T'anysb 3aCTOCYBaHHS — MEXaHIYHA iHXKEHEPIs.

2. Research Report. 207 pages, 103 figures, 74 tables, 102 sources. Research Object: Hydraulic processes in LPRE
ducts manufactured using additive technologies. The aim of the dissertation research is to develop an effective
methodology for designing liquid rocket engine chambers with enhanced hydraulic characteristics based on
identified dependencies of the flow coefficient on a complex of geometric parameters of centrifugal injectors
manufactured using additive technologies. Research Methods: experimental research, comparison of experimental
data, critical analysis, regression analysis, metallographic analysis. Research Results: Based on the conducted
experimental studies, an analysis of the change in the flow coefficient of centrifugal injectors manufactured using
L-PBF technology was carried out. A dependency of the flow coefficient change on a complex of geometric
parameters was proposed, allowing to predict the hydraulic characteristics of centrifugal injectors at the early
stages of design. Based on the proposed dependency, a methodology for designing centrifugal injectors
manufactured using L-PBF technology was developed. Experimental confirmation of the increased specific
characteristics of liquid rocket engine chambers designed based on mixing systems manufactured using additive
technologies was obtained. The change in surface roughness of products manufactured using L-PBF technology
depending on the inclination angle relative to the production process direction was studied. Based on regression
analysis of metallographic examination data of experimental samples, empirical dependencies were proposed,
allowing to predict surface roughness parameters of additive manufacturing products at the early stages of design.
The results of the work were tested at the enterprises LLC "Dnipro Aerospace" and LLC "FLIGHT CONTROL". Field
of Application - Mechanical Engineering.

Jep>kaBHH#H peecTpauifiHuii Homep JIiP: 0123U101855

IIpiopuTeTHHI HanpsIM PO3BUTKY HayKH i TEXHIKHU: OyHnameHTasbHi HAYKOBI HOCIIIPKEHHS 3 HANGIbII
BaXKJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOI0, COLiaJIbHO-€KOHOMIUHOT0, CyCIiIbHO-TIOJITUYHOTO,
JIIOJICbKOTO NIOTEHLjaNy 17151 3a0e31e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHu y CBiTi Ta CTaJIOr0 PO3BUTKY

CyCIIiIbCTBA i Jep>kaBu

CrpareriyHuii NpiopUTETHUH HaNPsIM iHHOBALLiMHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIiA
BHCOKOTEXHOJIOTIYHOI'O PO3BUTKY TPAHCIIOPTHOI CHCTEMH, PaKeTHO-KOCMIYHOI rajysi, aBia- i cynHOOymyBaHHS,
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¢ Vekilov, S., Lipovskyi, V., & Marchan, R. (2021). Features of the adaptation of 3D printed regenerative cooling

channels of the LPRE throat inserts. System Design and Analysis of Aerospace Technique Characteristics,
29(2), 62-72. https: / /doi.org/10.15421 /472112



 Vekilov, S., Lipovskyi, V., Marchan, R., & Bondarenko, O. (2021). Distinctive features of SLM technology
application for manufacturing of LPRE components. Journal of Rocket-Space Technology, 29(4), 112-123.
https:/ /doi.org/10.15421 /452112

e Bondarenko, O., Vekilov, S., Tkachov, Y., & Marchan, R. (2021). Topology optimization features of liquid-
propellant rocket engine power elements manufactured by additive technologies. Journal of Rocket-Space
Technology, 29(4), 112-123. https:/ /doi.org /10.15421 /452112

 Vekilov, S., & Lipovskyi, V. (2022). Comparison and analysis between conventional and additive manufacturing
technologies of LPRE. System Design and Analysis of Aerospace Technique Characteristics, 31(2), 14-25.
https://doi.org /10.15421 /472210

¢ Vekilov, S., & Lipovskyi, V. (2023). Overview on the design variants for organization of the liquid film cooling in
LPRE combustion chambers. Journal of Rocket-Space Technology, 31(4), 9-19.
https://doi.org /10.15421 /452302

» Vekilov, S., Lipovskyi, V., Marchan, R., Lohvynenko, A., & Pustovoy, R. (2023). Teoretical-experimental
comparison of the models of additively manufactured swirl injectors based on the hydraulic testing results.
Journal of Rocket-Space Technology, 31(4), 148-158. https: / /doi.org/10.15421 /452319

o Vekilov, S., & Lipovskyi, V. (2024). Features of the development of additive manufacturing methods in
application to liquid propellant rocket engines. Journal of Rocket-Space Technology, 32(4), 23-38.

e Bekinos, C. III., JlinoBcekuit, B. 1., Mapuasn, P. A., JlorBuHeHKo, A. O., & [lyctosui, P. O. (2023).
ExcriepuMeHTasnbHa OLiHKa METOAMK PO3PAXYHKY BiJJLIEHTPOBUX PO3NUIOIOYNX IPUCTPOIB, BUTOTOBJIEHUX 3a
IIOIIOMOTOI0 METO/B aIUTUBHUX TEXHOJIOTIN. Y XXV Mi>xKHapoJiHa MOJIOZIi>KHA HayKOBO-TIPAaKTUYHA
KoHQepeHLis «JlloguHa i kocmoc» (c. 41-43).
https:/ /spacehuman.org/uploads/source /doc /sbornik2023.pdf

¢ Marchan, R, Oleshchenko, A., Vekilov, S., Arsenuk, M., & Bobrov, O. (6. 1.). 3D printed acoustic igniter of
oxygen-kerosene mixtures for aerospace applications. ¥V 8th european conference for aeronautics and space
sciences (eucass). https://doi.org/10.13009 /EUCASS2019-238

e Vekilov, S., & Lipovskyi, V. (6. 1.). Distinctive features of SLM technology application for manufacturing of
LPRE components. ¥ XXIII MixxHapozHa MoJIoibkHa HayKOBO-TIpaKTH4YHa KOHQepeHLis «JltonrHa i kKocmoc» (c.
110). https:/ /spacehuman.org/_files /doc/sbornik2021.pdf

e Vekilov, S., & Lipovskyi, V. (2022). An overview on the design variants which realize inner film cooling of the
LPRE combustion chambers. ¥ XXIV MixHapoiHa MOJIOIDKHA HAYKOBO-TIpaKTU4YHA KOHepeHLis «JlroguHa i
KocMmoc» (c. 124). HLIIAOM. https:/ /spacehuman.org/_files /doc /sbornik2022.pdf

e Vekilov, S., Lipovskyi, V., Marchan, R., Lohvynenko, A., & Pustovyi, R. (2023). Experimental investigation of the
parameters of additively manufactured coaxial swirl injectors. ¥ Buxkiuku Ta npo6yiemMu cy4acHOi HayKu (C.
108-117). https:/ /files.fti.dp.ua/cims /cims-vol-1
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00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI
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