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1. IligBUIEHHS XUTTEBOrO LIUKIY AeTasel aBialilHUX IBUTYHIB TEXHOJIOTIYHUMU METOIAMU

2. Aircraft engines parts’ life cycle extension by technological methods

Pedepar:

1. O6’eKT HOCiI)KEHHS — MPOLLEC BUCOKOIIBUIKICHOTO Ta30I10JlyMEHEBOT0 HAIMJIEHHS HA AeTalli aBialiliHux
IBUTYHIB; ME€Ta AOCIIIKEHHS — iJIBUIIEHHS XUTTEBOrO LMKIY AeTasnen aBiauinaux [T msixom nosinmeHHs
€KCIIIyaTaliiHAX XapaKTePUCTUK IIOKPUTTIB, 10 HAHOCSATLCSI METOJIOM BUCOKOIIBUAKICHOTO ra30M0JIyMEHEBOTO
HaIWJIEHHS], 3aBJSIKY IPOTHO3YBaHHIO €HEPreTUYHUX [IapaMeTpiB YaCTHUHOK, SIKi KOHTPOJIIOIOThCS BLOCKOHATIEHUM
BUTPATHUM METOMIOM; METOMIU IOCJIiTKEHHS — MaTeEMaTUYHE MOJEIOBaHH4, ifmeanizanis Ta popManisanis, aHasuis Ta
crHTe3 0yJiM BUKOPUCTaHI Ipy po3pobJIeHHI MaTeMaTUYHOI MoJesli po3paxyHKy KiHEeMaTUYHUX Ta €HePreTUYHNIX
IlapaMeTpiB YaCTUHOK Yy ABOGA3HOMY IOTOLIi; Ha eTali MPaKTUYHOTro NOCJiI)KeHHS [IPOBEJIEHO Cepilo
€KCIIEPUMMEHTIB 13 BUMIPIOBaHHAM I1apaMETPiB i TOPIBHAHHAM iX 3 pe3yJbTaTaMU TEOPETUYHUX JOCIIiIPKEHD;
Pe3yJIbTaTy NOCIiIKEeHHS — HabyB [OAAbIIOr0 PO3BUTKY BUTPATHUM METO]], YIIPABJIiHHS €HepreTUYHUMU

napameTpamy IpoLecy HalluJIeHHs, Blepile po3po6eHo JBOKAMEPHUH MaIbHYK, BIIeplie po3po6eHo



MaTeMaTU4Hy MOJEJIb [J1s1 BUSHAYEHHS IIBUIKOCTI i TEMIIEPATypU HANIMJIIOBAHOTO MOPOUIKY, pO3POOJIEHO HOBUM
METOJ, 3MiLIHeHHS ieTajlell aBialiiiHuX IBUTYHIB 3 )KapOMII[HMX HiKeJIb-XpOMOBUX CILJIaBiB, PO3P06IEHO
TEXHOJIOTi4HI peKOMEHAALi] 010 HAHECEHHS ITOKPUTTIB IBOKaMEPHHUM MMaJILHUKOM Ha [i€Tajli aBiallilHUX JBUTYHIB
3 KapOMiLIHUX HiKeJIb-XPOMOBUX CILJIaBiB; HOBU3HA — BIIEpPIIE PO3PO0JIEHO MaTEMATUYHY MOJEJIb PO3PAXYHKY
KiHEMaTUYHUX Ta €HEPreTUYHKX [apaMeTPiB YaCTUHOK MaTepiay, 10 HaMMIIOETLCH BUCOKOBUAKICHUM
ra3oroJjiyMeHeBUM HalWIIOBaHHSIM PO3POOJIEHUM JBOKaMEPHUM NAJIbHUKOM, SIKQ, Ha BiIMIiHY Bif icHyl04MX,
00'eJHy€e B COOi TpY €Tanu: HarpiBaHH:, IPUCKOPEHH: i 3MilllyBaHHS MTOTOKIB, IPUYOMY MOJEJIb 3MilllyBaHHS
IBO(MA3HOrO MOTOKY 3 BHYTPIIIHbOI KAMEPH 3rOPSIHHS i KiJIbLIEBOT'O 3 TAPiIYacTOro COIIa OTPUMAHO Ha 6a3i Mogeri
HaJ3BYKOBOTO €KEKTOpa 3 HUJIHAPUYHOIO KaMepoIo 3MilllyBaHHS 6€e3 BUXiTHOT0 Ar1dy30pa, 10 J03BOJIUIO0
IIPOTHO3YBAaTU €HEPreTUYHi NapaMeTpU YaCTMHOK Ha yCTaHOBKaX IAHOTO TUITY; HA0YB I10[1aJIbIIOr0 PO3BUTKY
BUTPATHUI METOJ, yIIPaBJIiHHS €HEPreTUYHUMHU NTapaMeTPaMy YaCTUHOK MaTepiay 10 HAMUJIIEThCS
BYCOKOILIBUJKICHMM ra30I10JIyMEHEBYM HANUIIOBAHHSM, SIKU BIIPI3HIETHCS Bill iICHYIOUMX MOKJIUBICTIO
HEe3aJIEXKHOTO YIIPaBJIiHHA [IapaMeTpaMu MIOTOKY, L0 EPEBAKHO HArpiBae, i MOTOKY, SIKUH IIEPEBAXKHO IIPUCKOPIOE,
3a paxyHOK KOaKciaJbHOIO pO3TalllyBaHHsI i30JIbOBAaHUX OZHA BiJl OJIHOI Kamep 3rOPsIHHS i BUKOPUCTAHHS 117151
[IPUCKOPEHHS IOTOKY TapijldacToro COIa, MO a0 MOKJIMBICTh PO3LIMPUTH 06J1aCTb 3aCTOCYBAHHS T€XHOJIOTI
BHCOKOIIBU/IKICHOTO ra30I0JlyMEeHeBOro HalluJIeHHS; PO3pO6JIeHO HOBUM METO], 3MiLlHeHHS ieTajlell aBialiiitHux
IBUTYHIB 3 )KapOMILJHMX HiKeJIb-XPOMOBUX CIJIABiB MIJIIXOM Mif60py pallioHaIbHUX IlapaMeTpiB HallujIeHHs
KOMIIO3uLiiHuX MaTepiani tTuny KXH-30, komnosuuii kap6ig xpoMy - Hikesb y criBBigHomeHHi 80 % Cr3C2 + 20
% Niy BUrIi MexaHi4HOI Cymilli NOPOLIKiB, 3HOCOCTIMKUX NOKPUTTIB 3 ZrO2 i Al203, 1BOKaMepPHUM MaJIbHUKOM, B
SIKOMY Ha BiIMiHY Bif icHyl04Mx 11 JaHoi KoM6iHalii MaTepiaiB MigKIaAKY i IOKPUTTIB 3aCTOCOBAHO BUTPATHUMN
METOJ], YIIPaBJIiHHS €HepreTUYHUMU NTapaMeTpaMu HallUJI€HHS, 10 Jajl0 MOXJIMBICTb OTPUMATH LIiJIbHI (IOPUCTICTD
MeHue 6 %) i1 minHi (apresifina minHicTs Big 70 MIla go 80 MIla, xoresiiiHa minHicTs Big 70 MIla no 120 MIla)
dyHKLiOHATIBbHI TOKPUTTS; CTYIIiHb BIIPOBAI>)KEHHSI — Pe3yJIbTaTy BIIPOBAPKEH] B HAaBYAJIbLHUM IIpOLieC B
HanjionasbHOMy a€pOKOCMIYHOMY yHiBepcHuTETi iM. M. €. JKyKOBCBKOTr0 «XapKiBCbKUH aBiallilHUN iHCTUTYT» Ta Y
BMPOOHULTBI aBialiiiHux ABUryHiB Ha AO «MoTop Ciu»; rajy3b BAKOPUCTAHHS — 3aXUCHI Ta BilHOBJIIOBAJIbHi

MIOKPUTTS /17151 aBialliiHO] rasy3i Ta 3arajJibHOr0 MalIMHOOYAyBaHHSL.

2. The object of research - the process of high-velocity gas-flame spraying on the aircraft engines’ parts; the
purpose of research is to increase the life cycle of the components of the aviation gas turbine engines by
improving the performance characteristics of the coatings applied by the high-velocity gas-flame spraying, due to
the prediction of the energy parameters of the sprayed particles controlled by the improved consumable method;
research methods - mathematical modeling, idealization and formalization, analysis and synthesis were used in the
development of a mathematical model for calculating kinematic and energy parameters of the sprayed particles in
a two-phase flow; at the stage of practical research, a series of experiments was carried out to measure
parameters and compare them with the results of theoretical studies; the results of the study - the subsequent
development of a cost-effective method for managing the energy parameters of the spraying process, the first
developed a two-chamber spraying gun, for the first time developed mathematical model for determining the
velocity and temperature of the sprayed powder, a new method for strengthening the of aviation engines’ parts
made of heat-resistant nickel-chrome alloys is developed, the technological recommendations for the coating of
the aviation engines parts made of heat-resistant nickel-chrome alloys with a two-chamber burner are developed;
novelty - for the first time, a mathematical model for calculating the kinematic and energy parameters of the
particles sprayed by two-chamber gun for high-velocity gas-flame spraying, which, unlike the existing ones,
combines three stages: heating, acceleration, and mixing of flows, and the model of mixing of two-phase flow from
the inner combustion chamber and the radial outflow type nozzle is derived from a supersonic ejector model with
a cylindrical mixing chamber without an output diffuser, which allowed to predict the energy parameters of
particles for guns of this type; a consumable method for controlling the energy parameters of the sprayed by high-
velocity gas-flame spraying particles has been developed, which is characterized by the possibility of independent
control of the parameters of the predominantly heating stream and the flow which predominantly accelerates due
to the coaxial location of the isolated combustion chambers and the use for the flow acceleration radial outflow



type nozzle, which made it possible to expand the application area of high-velocity gas-flame spraying; a new
method for strengthening the aviation engines parts made of heat-resistant nickel-chrome alloys has been
developed by selecting the rational parameters of spraying composite material KXH-30, the composition of
carbide chromium-nickel in the ratio of 80 % Cr3C2 + 20 % Ni in the form of a mechanical mixture of powders,
wear-resistant ZrO2 and Al203 coatings, by a two-chamber gun, in which, unlike the existing for the given
combination of substrate materials and coatings, a consumable method for controlling the process energy
parameters was used, which made it possible to obtain dense (porosity less than 6 %) and strong (adhesion
strength from 70 MPa to 80 MPa, cohesive strength from 70 MPa to 120 MPa) functional coatings; the degree of
implementation - the results are introduced in the educational process at the National Aerospace University
«Kharkiv Aviation Institute» and in the production of aviation engines at «Motor Sich» JSC; industry uses -
protective and restorative coatings for the aircraft industry and general mechanical engineering.
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