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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3po6sieHHs TEXHOJIOTIi Ta 061aJHAHHS /1151 XOJIO[IHOTO Ira30/IMHAMIYHOTO HAMIUJIIOBaHHS BilHOBJIIOBAJIbHUX

IIOKPUTTIB Ha [EeTaJli aBialifHOI TEXHIKU.

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of technology and equipment for cold spraying of restorative coatings on aircraft parts.

Pedepar yKpaiHCBKOIO:

OCHOBHMMH 3aBJJaHHSIMU 3BITHOTO €Tarly 0yJI0 pO3paxyHOK i ONTUMi3alisi reoMeTpii HaZ3BYKOBUX COIIEJI, @ TAKOXK
YHCEJIbHE MOJIEJIIOBAHHS ra30MHAMIYHUX [IPOLECIB B COII. [IpOBEAeHO HU3KY YMCEIbHUX NOCIIIKEHD i3
BM3HAUEHHSI IIBUIKOCTI YaCTMHOK Ha BUXOJ i3 cTangapTHOro coma ycraHosku JVIMET-405, sike npatioe rpu
po6oyomy TuCKyY 10 1,0 MIIa. [Toka3aHo i OGIPYyHTOBAHO HEOOXiAHICTh MiIBUIEHHS IOYaTKOBUX TEMIIEPATypU Ta
THCKY rasy Ha BXOZi B COILJIO JIsI OCATHEHHS] YaCTUHKaMU MIBUAKOCTEN, HeOOXinHUX 11711 GOPMYyBaHHS IIOKPUTTIB
BHCOKOI SIKOCTi Ta Koe(illieHTOM BUKOPUCTaHHS IOPOIIKY. BUKOHaHO pO3paxyHOK reoMeTpii 3By>KyBaJIbHO-
PO3MNPHOTrO KOHIYHOTO (IPSIMOJIHIMHOr0) Ta KPUBOJIIHIHOTO (IPO(iTIbOBAHOI0) COMEJ 3a KPUTEPiEM
MaKCHMMaJIbHOI MIBUAKOCTI YaCTUHOK Ha BUXO[Ii 3 CoILIa mif pobounii TuCK rady mo 2,5 MIla. [11s po3pobieHux
coreJI IPOBEAEHO OOCIiIPKEHHS BIVIMBY [TOYaTKOBUX 3HAY€Hb TEMIIEPATYPH Ta TUCKY ra3y, a TAKOX MaTepiany 1
PO3Mipy YaCTMHOK Ha iX IIBKUIKICTb HA BUXOi 3 HBOT'O 32 JIOITIOMOIOI0 YMCEIbHOTO MOZEIOBaHH. 3MiHU B
COIJIOBOMY BY3J1i IPU3BEJIM 4O HEOOXiAHOCTI IPOEKTYBaHHSI HAarpiBaya rasy 6i7bLIoi IOTY>KHOCTI. 3a pe3ybTaTaMu
PO3paxyHKiB po3po6sieHO HOBUI HAarpiBay Jj1s1 yCTAHOBKY HAIMJIIOBAHHS Ta JAOCJIIPKEHO TeMIIEpaTypy HarpiBaHHS
rasy Ha BUXO/li 3 HbOTO 3a Pi3HUX 3HAUE€Hb BUTPATU ra3y. PO3p061eHO KOMILJIEKT KOHCTPYKTOPCHKOI IOKyMeHTallii Ha
BUTOTOBJIEHHS CITPOEKTOBAHUX COIIEJ Ta HarpiBaya rasy. JlociifskeHo npouec BUCOKOMBUIKICHOTO 3iTKHEHHS
JaCTHHOK IOPOIIKY 3 [I0BEPXHEIO MiTKIaIK/; OTPUMAaHO 3aJIe>KHOCTI CTyneHs ix nedopmaliii Bif, ix KiHeTnyHOi
eHeprii, 110 J03BOJINJIO IiATBEPAUTY Pe3yAbTaTU PO3PaXyHKIB KPUTUYHOI IBUIKOCTI, HEOOXiNHOI 1711 yTBOPEHHS
afresifiHUX 3B'I3KiB HAa MeXi KOHTAaKTy YaCTUHKU Ta Migkiankuy. [IpoBeeHi JociiKeHHs 3aKiaZjaloTb HAyKOBi
OCHOBU KEPYBaHH4 MIPOLIECOM XOJIOAHOTO Fa30AMHAMIYHOTO HalIUJIIOBAHHS, 3a06€3I1€4€HHS BUCOKUX [TOKa3HUKIB

SIKOCTi ITOKPUTTIB Ta Koe(illieHTy BUKOPUCTAHHSI [IOPOILKY.

Pedepar aHr1ilicbKOIO:

The main tasks of the reporting stage were calculating and optimising the geometry of supersonic spraying
nozzles, as well as the numerical modelling of gas-dynamic processes in the nozzle. A number of numerical studies
were conducted to determine the velocity of powder particles at the outlet of the standard nozzle of the DYMET-
405 machine, which operates at a working pressure of up to 1.0 MPa. The need to increase the initial temperature
and gas pressure at the nozzle inlet to achieve the velocities of powder particles at the nozzle outlet required to
form high-quality coatings and powder utilisation rate was shown and substantiated. The geometry of the
convergent-divergent conical (straight-line) and curvilinear (profiled) nozzles was calculated using the criterion of
the maximum velocity of powder particles at the nozzle outlet under a working gas pressure of up to 2.5 MPa. For
the developed nozzles, numerical modelling was conducted to investigate the influence of the initial values of gas
temperature and pressure, as well as the material and size of powder particles, on their velocity at the outlet.
Changes in the nozzle unit led to the need to design a gas heater for increased performance. A new heater was
developed for the spraying equipment and the gas heating temperature at its outlet was studied at different gas
flow rates. A set of design documentation for manufacturing the nozzles and gas heater was developed. The
process of high-velocity impact of powder particles with the substrate was investigated; the dependence of the
degree of their deformation on their kinetic energy was obtained, which allowed us to confirm the results of
calculations of the critical velocity necessary for the formation of adhesive bonds at the contact interface of the
particle and the substrate. The research lays the scientific foundations for controlling cold gas-dynamic spraying,



ensuring high coating quality and powder utilisation rate indicators.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII yKpaiHCBKOIO: KOHCTPYKTOPChKA HOKYMEHTALlisl Ha BUTOTOBJIEHHS HA/I3BYKOBUX COTIEJ JiJISL

HAIInJIIOBAHHSA Ta HaniBa‘Ia CTHUCHYTOTO HOBiTpH. PeKOMeH,I[aLlﬁ mogo BI/I60py pe)KI/IMiB HAIInJIIOBaAHHA.

Ha3zpa HTII aHrsi#icbKo0: Design documentation for the manufacture of supersonic nozzles for spraying

and compressed air heater. Recommendations for the selection of spraying regimes.
HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpuMaHi pe3yJIbTaTH: Bupobu TexHiuHi

l'asy3p 3aCTOCYBaHHS: MaiHOGY1yBaHHS, aBiaGyLyBaHHS

PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Pospo6ieni coma i Harpiay, podpaxoBaHi Ha po604Mil TUCK rasy 1o 2,5 MIla, 3a6e31e4yoTh
IOCSITHEHHS YaCTMHKAMU KPUTUYHYX 3Ha4€Hb MIBUJIKOCTI, HEOOXiHOI 114 iX 3YEIJIEHHS 3 [IOBEPXHEIO MiJKIAIKA Ta
yYTBOPEHHSI NIOKPUTTSL. PO3p06seHo pekoMeHalii o0 BU60PY peKMMiB HAlTMIIOBAHHS — TEMIIEPATYPH i TUCKY

rasy, 3a KpUuTepieM MakCHMaJbHOI IBUJIKOCTI YaCTUHKY MTOPOILIKY aJIIOMiHiI0 Ha BUXOJi 3 COILJIA.

ConiannbHO-eKOHOMIYHA cupsimoBaHicTh HTII: Creopenns npuHumnoBo HOBOI nmpoaykuii (Matepiais,

TEXHOJIOTI! TOMIO) AJ1s1 3a0€3MeYeHHs eKCIIOPTHOTrO OTEHIialy Ta 3aMillleHHIO IMIIOPTY
Bnyius HTII Ha mOoBKijIs:
BnposagskeHHs1 HTII: He snpoBamxeHo
IIpakTHyHa peasnisanis HTII
IloyaTok eramy:
3aKiHYeHHS eTaly:
Crnio>KuBavi NPOAYKILii:
IlepcnekTHBHI pUHKH:
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiGHMI 0OCAT IHBECTHILiH, THC. TPH.:
IIpaBa, 110 HaAAIOTHCSI iIHBECTOPY MiCJIsA 3aBEPLIEHHS POOOTH:
HasaBHicTb Oi3Hec-IJIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IloTeH1iaIbHUE 0OCAT IIPOJASKY, THUC. TPH..
OuiKkyBaHHI TepMiH OKYIHOCTi (POKiB):

JopaTkoBa iHpopmanist:
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