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Pedepar:

1. Incepranifina po60Ta IPUCBIY€HA BUPIIEHHIO BAKJIMBOI HAYKOBO-TEXHIYHOI IPO6GIEMHU TPUOOJIOTIYHOTO
3a6e3reyeHHs repMeTr3allii, 3MalleHHs Ta CTiIKICHUX XapaKTePUCTUK POTOPIB BiJJLIEHTPOBUX MAIIMH LIJISIXOM
3aCTOCOBYBaHHS HOBMX BUCOKOE€(EKTUBHUX KOHCTPYKLil MIAPUHHUX i TOPLEBUX YIIiJIbHEHb Ta OIOP, & TAKOX
KOHCTPYKTUBHUX CIIOCOOIB MiJiBUIIEHHS IX )KOPCTKICTHUX XapaKTEPUCTUK i AeMII(PyBasIbHUX BiaacTuBocTeil. Ha
OCHOBI YMCJIOBOTO aHaJi3y, BAKOHAHOTO METOJIOM CKiHYE€HHUX 00'€MiB, BU3HAYEHO TiIpOAMHAMIYHI CUJIU Ta
MOMEHTH, 1[0 BUHMKAIOTh Y 3a30pax «KOPOTKUX» i «IOBrUx» MIIAPUHHUX YIIibHEHb. [I0Ka3aHo, Mo «JOBri»
LINApYHU XapaKTepU3yI0ThCs OLIbIIMMU KoedillieHTaM1 YKOPCTKOCTI Ta JeMIIpyBaHHS i MOXKYTb €(PEKTUBHO
BAKOPUCTOBYBATHUCH Y KOCTI VILiJIbHEHb-OIIOP. BCTaHOBIIEHO, IO NTPY 3HAYHOMY IT€PEBa’KaHHI OKPY>KHOI
IIBUAKOCTI HAJl OCbOBOIO B JIAMIHADHOMY PEXXMMi Teuii MOTIiK y «JOBriil» mnapuHi HabyBae cripanenonioHoi

CTPYKTYPH, 1O MOKE NPU3BOJUTHU [10 BTPATU JUHAMIYHOI CTIMKOCTI poTOpa. EKCllepuMeHTabHO Ta PO3PaxyHKOBO



TOCJIiZIPKEHO BILJIMB F€OMETPUYHUX NTapaMeTpiB i HAIBHOCTI pafiiayibHUX pebep y 3'eAHyBaJIbHUX KaMepax,
3011bLIIEHOTO 06’eMy 3'€IHYBaJIbHOI KamepH Ta Audy30pHOi popmMmu Ipyroi MIapuHU Ha BUTOKY Ta pajiiajibHi i
TaHreHIiaJIbHi CUJIM peaKlii MaCTUIIbHOIO APy Y 3a30Pi ABO- i TPhOXIIIIAPUHHUX VIIiJIbHEHb. BU3HaYeHO
0CO6IMBOCTI Teyii pifiuHM B 6araToMNapyUHHOMY VIIiIbHEHHI Ta BCTAHOBJIEHO BILIUB TAHT€HIiaIbHOTO KoediljieHTa
TEPTS Ha CTATOPHIN NOBEPXHi Ha BEJIMYMHY TaHT€HLIAJILHOI rigpoauHaMivyHoiI cuin. [IpoBeieHo po3paxyHKOBUI
aHasli3 repMeTUYHOCTI Ta POTOPOAMHAMIYHUX XapaKTePUCTUK NeMIIPEepHUX JIYHKOBUX yIllisibHEHb. [lOpiBHSHHS iX
XapaKTEPUCTHK 3i CTIIBHUKOBUMH, 3 CITKOIO OTBOPIB Ta KUIIEHbKOBUMH AEMIIPEPHUMHU YIIIiJIbHEHHSIMU [10Ka3aJ10
IepeBary 3alporoHOBAHUX KOHCTPYKIiii i MeTOAIB ix po3paxyHKY [Jis BUCOKOOOEpPTOBUX TypbomauH. Po3po6aeHo
QHAITUYHUI METOJ] PO3PAaxXyHKy XapaKT€PUCTHK ra3oBOro PETYJISTOPA NEPENaay TUCKY IPSIMOI [ii AJ1s1 CUCTEM
CYXMX ra30oBUX YIIiJIbHEHb, SIKWI 3a6e31edye YHUKHEHHS PEXXUMIB IMHAMIYHOI HECTIMKOCTI Ta MigTPUMaHHS
HEOOXiJIHOro Nepenagy TUCKY B yCbOMY POOOYOMY [1ialla3oHi BillleHTPOBOrO KOMIIpecopa. MeTogamu

064K CIIOBAIBHOI TiAPOIMHAMIKY PO3B'SI3aH0 337ja4i HeCTallioHapHOi Tedii MaCTUIIbPHOTO LIapy B 3a30pi Ta
TE€pMOra30JMHAMIUHOTr0 PO3PaxyHKy 3allipHUX TOPLEBUX IMITyJIbCHUX yIIiNbHEeHb. [IpoBeneHo Bepudikaiiio
PO3PaxyHKOBUX MOJIeJIEN 33 €KCIIEPMMEHTAIbHUMU JAaHUMU, OTPYUMaHUMU Ha CIIelliali30BaHUX CTEHIaX.
Bu3HaueHO BIVINB reOMETPUYHUX [TAPAMETPIB, TEMJIOBUX i CUJIOBUX Aedopmaliiil Kisellb, a TAaKOX JUHAMIYHUX
KoedilieHTiB JKopcTKOCTi i IemndyBaHHS Ha e(PEeKTUBHICTh pOoOOTH YILiTbHEHHS. PO3p061eHO METOIUKY YMCIIOBOTO
PO3paxyHKy TEPMOTiApOJMHAMIYHOI 3a11a4i 1J1s1 yIIOPHOrO MiAMUITHMKA KOB3aHHSI 3i CKpeOKaMu Ta 0XOJIOIKEHHSIM
TEPMOHABAHTAKEHOI 30HHU, 110 [03BOJISIE aHANI3yBaTH TEIJIOBUM CTaH MiAIIMITHUKA 3 OTBOPAMMU [1JIs1 OXOJIOI KEHHS
Ta €JIEMEHTaMU BifiBeIeHHS HArpitoro Mmactusia. OTpMMaHO HOBI HAyKOBI JaHi 00 rifpoAMHaMIYHOTO PEXKUMY
3MallleHHs! B YIIOPHOMY IiAMIIHUKY KOB3aHHS. Po3p0o6sieHO MEeTOIMKY YMCIIOBOI'O PO3B'si3aHHS 3a1ayi
rigpoJMHaMIYHOTO 3MallEeHHS KyJIbKOBUX MiAIIMITHYUKIB, SKi 3MaIIyIOThCS1 pO60YOI0 PiIMHOIO, 10 II€PEKavyeThCst
(pimxuM azorom). OTpUMaHO Pe3yJIbTaTU YMCIOBOTO BU3HAYEHHS PO3MOAiNY TUCKIB, MIpOAUHAMIYHUX CUJI Ta
MOMEHTY TePTS, 4Ki IOPiBHSIHO 3 JaHUMU €KCIIEPUMEHTAIbHUX NOCHIIKeHb. OTPUMAaHO Pe3yJIbTaTU YMCIOBOTO
aHasizy JUHaMiKM iIMITyJIbCHOT'O Ia30BOr0 YIiJIbHEHHS HA OCHOBI PO3B'SI3aHHS HECTAL[iOHAPHOTO PiBHSIHHSA
PeliHospACa 1719 MAaCTUJIBHOTO IIAPY Ta PiBHSIHb PyXy CTATOPHOTrO Kifblsl. [IoKa3aHo, 0 MicJis 3allyCKy arperary
TOPLIEBI [TIOBEPXHI PO3IINISIOTHCS rA30BOI0 ILJIIBKOIO, TOBLIMHA SIKOI KOJIMBAETHCS HABKOJIO CEPENHLOTO 3HAYEHHS,
301/IbLIYETHCS 31 BpOCTAHHSM LIBUAKOCTI 0O€pTaHHSI Ta IIIMOMHY KaMep i BMEHIIYeTbCs! IPU MiJBUILIEHH] TUCKY
VILIiIbHIOBAJILHOTO Ta3y. Po3po6s1eHO TeopeTUYHi OCHOBY PO3B’s13aHHS 33/1a4i rijpoAMHAMIYHOrO 3MalleHHS 3
yPaxyBaHHSM KOHTaKTHOI B3a€MO/Iii IOBEPXOHbD i NOJATIMBOCTI HAOUBKY /1151 TOPLLEBOTO CaJIbHUKOBOTO YIIiIbHEHHS
3 IOJAT/IMBUM JHOM Ta FiIPOAUHAMIYHAM PO3BAHTAKEHHSIM apy TEPTS. BUKOHAHO NOPIBHAJIbLHUI aHAai3
IVHaMiYHUX XapaKTepUCTUK 6€3KOHTAKTHUX ra30BUX TOPLEBUX YIIiIbHEHb 3 MOIU(PIKOBAaHMMHU [IOBEPXHIMU
(koHyCHICTB, CripasIbHI KAHABKU, XBUJISICTICTb, pajiiajibHi KAHABKH). BCTaHOBJIEHO, O aMILIITy1a KOJIMBAHb CTATOPA
3aJIEXKUTD Bifl, HU3KU (PAKTOPIB, ceper, IKMX BU3HAYaJIbHUIMU € KyTOBa IBUIKICTh OGEPTAaHHS Ta FreOMEeTPUYHI
napameTtpu Mmoaudikaiiiii moBepxHi. [lokazaHo, 1o panioHanbHUN BUGIP pOOOYUX i TeOMETPUYHUX ITapaMETPiB
I03BOJISIE€ iCTOTHO 3MEHIIUTY aMIUIITyly KyTOBUX KOJIMBaHb CTATOPA Ta 3a0€3M1€UYNTH AMHAMIYHY CTilKiCTb
VIIiIIbHEHHSL. 32 pe3ysIbTaTaMU JOCIiI)KeHb CTBOPEHO METOAVKY YMCJIOBOTO Ta AaHAJIITUYHOTO PO3PAXYHKY
CTaTUYHUX i JVHAMIYHMX XapaKTEPUCTUK HOBUX KOHCTPYKIiH YIIiJIbBHEHD i ONOP BiALLEHTPOBUX MAIINH, SIKi
BIIPOBA’)KEHO Ha MiANpHUeMCTBaX MAIMHOOYAIBHOI ranysi Ykpainu. OKpeMi METOAMKY pPeasi30BaHo y BUIJISAIL

[IPOrpaMHUX MOJIYJIIB i JOJATKIB 10 TPOrPaMHOro KoMIliekcy ANSYS.

2. The dissertations is devoted to solving an important scientific and technical problem of tribological providing
sealing, lubrication and stability characteristics of rotors of centrifugal machines by using new highly efficient
designs of annular and face seals and bearings, as well as constructive methods of increasing their stiffness
characteristics and damping properties. The hydrodynamic forces and moments that arise in the clearances of
“short” and “long” annular seals were determined. It was shown that “long” annulus are characterized by higher
stiffness and damping coefficients and can be effectively used as seals-bearings. It was established that with a
significant predominance of the circumferential velocity over the axial velocity in the laminar flow regime, the flow
in the “long” annulus acquires a spiral structure, which can lead to a loss of the rotor’s dynamic stability. The
influence of geometric parameters and the presence of radial ribs in the connecting cavities, the increased volume



of the connecting cavity and the diffuser shape of the second clearance on the leakage and radial and tangential
reaction forces of the lubricating layer in the clearance of two- and three-annular seals was experimentally and
computationally investigated. A computational analysis of the sealing and rotordynamic characteristics of damper
scalop seals was carried out. Comparison of their characteristics with honeycomb, hole pattern and pocket
damper seals showed the advantages of the proposed designs and methods of their calculation for high-speed
turbomachines. An analytical method for calculating the characteristics of a direct-acting gas difference pressure
regulator for dry gas seal systems was developed, which ensures the avoidance of dynamic instability modes and
maintenance of the required pressure drop throughout the operating range of the centrifugal compressor. The
problems of unsteady flow of the lubricating layer in the gap and thermogasdynamic calculation of buffer face
impulse seals were solved using computational fluid dynamics methods. Verification of calculation models was
carried out using experimental data obtained on specialized stands. The influence of geometric parameters,
thermal and force deformations of the rings, as well as dynamic stiffness and damping coefficients on the
efficiency of the seal was determined. A method for numerical calculation of the thermohydrodynamic problem for
a thrust bearing with scrapers and cooling of the thermally loaded zone was developed, which allows analyzing the
thermal state of the bearing with cooling holes and elements for removing heated oil. A method for numerically
solving the problem of hydrodynamic lubrication of ball bearings lubricated by a pumped working fluid (liquid
nitrogen) was developed. The results of numerical determination of the distribution of pressures, hydrodynamic
forces and friction torque were obtained, which were compared with the data of experimental studies. The results
of the numerical analysis of the dynamics of the impulse gas seal were obtained based on the solution of the
unsteady Reynolds equation for the lubricating layer and the equations of motion of the stator ring. It was shown
that after the unit is started, the face surfaces are separated by a gas film, the thickness of which fluctuates around
the average value, increases with increasing rotational speed and cavity depth and decreases with increasing
sealing gas pressure. Theoretical bases for solving the problem of hydrodynamic lubrication have been developed,
taking into account the contact interaction of surfaces and the flexibility of the packing for a face packing seal with
a flexible bottom and hydrodynamic friction pair unloading. A comparative analysis of the dynamic characteristics
of non-contact gas mechanical seals with modified surfaces (conicity, spiral grooves, waviness, radial grooves) has
been performed. It has been established that the amplitude of stator oscillations depends on a number of factors,
among which the angular speed of rotation and the geometric parameters of surface modifications are decisive.
According to the results of the research, methods of numerical and analytical calculation of static and dynamic
characteristics of new designs of seals and bearings of centrifugal machines have been created, which have been
implemented at companies of machinebuilding industry of Ukraine. Individual methods are implemented in the
form of modules and applications to the ANSYS software package.
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