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1. lnceprauio NpUCBSIYEHO BUPILIEHHIO BAKJIMBOI HAYKOBO-TEXHIYHOI 337ja4i BOOCKOHAJIEHHS CUCTEM
0XOJIOIKEHHS ra30BUX TypOiH HMIJISIXOM I10JAJbIIOTO0 PO3BUTKY METOIB TiiPaBIiYHOTO i TEIIJIOBOTO PO3PaXyHKY
KaHaJliB CUCTEMU OXOJIOIP)KEHHSI Ta30BUX TypOiH. BUBUEHHIO CTPYKTYPH i BJIACTUBOCTI TOTOKY B LIUX €JIEMEHTAX,
OTPMMAaHHIO 3QJIEXKHOCTEN, OIIMCYIOUMX LEN MOTIK. BUKOHAHO aHasli3 HAYKOBO-TEXHIYHOI JliTepaTypy, IPUCBAYEHIN
MIPOEKTYBAaHHIO CUCTEM 0X00KkeHHs ['T]], B AIKOMY PO3IJISIHYyTO MIXKHAPOJHUN JIOCBIi[, €KCIIEPUMEHTAIbHUX
IOCTiIKeHb i 00YMCIII0BaJIbHUX €KCIIEPUMEHTIB, 1110 [0 JOCJiIKEeHHs TelJIo0OMiHY i rifponuHamiku Tedii B
00epTOBUX eJleMeHTax. B pe3ysbTati ananisy jlitepaTypy 10Ka3aHo 10, OCHOBHUM HallPSIMOM PO3BUTKY
e(EeKTUBHUX i HaZiltHUX cucTeM oxosoaxeHHs ['T]] € migBUILeHHSI TOYHOCTI PO3PaxXyHKy BUTPATHUX i MiipaBlivHUX
XapaKTEePUCTHUK €JIEMEHTIB CUCTEMU OXOJIOIKEHHS. [loKa3aHo, 0 Ha MOJIE€/IIOBAHHS MIPOLIECIB BIIMBAE F€OMETPIis
KaHaJly, HallpaBJIeHHs Tedii (BiALleHTpoBe, LOLEHTPOBE), HAsIBHICTb CYIIyTHUX [IOTOKIB, IapaMeTpH i BJIACTUBOCTI
(TIoBiTpS1, MaCJIO-TIOBITPSI) OXOJIOIPKYIOUOT0 cepeoBuILa. ToMy Bif, TOYHOCTI, 3 KO0 OyZe 3MOLEIbOBAHUI
OKPEMMU €JIEMEHT, 3aJIEKUTh HANIIVHICTh MOJEJIIOBAHHS BCi€i cuCTeMU 0X0JIOIKEHHS. [IpoBeieHo afanrarnio
MaTeMaTUYHUX MOJiesiell eJIeMeHTIB rifipaBlivHuX MepeX 17 PO3PaxyHKy CUCTEM OXO0JIOJ)KEHHs ra30BUX TypOiH,
TaKUX SK: allapaT 3aKpy4yBaHHS [IOTOKY, TEIJIOOOMIHHUK, KaHalH, 0 NepeMilyioTbcs. HaBeneHo onuc, TeopeTuyHi
OCHOBY MOJEJIIOBAHHS LIMX €JIEMEHTIB riIPaBIIiYHOI CXEMU, IIPOBENIEHI YMCEIIbHI JOCIIII)KEHHS 110 BIJIMBY arapara
3aKpYy4yBaHHS i TeII000MiHHMKA Ha €PEKTUBHICTh OXOJIOIKEHHSI, CKJIaZieHi BilllOBigHI Mozeri cucteM
0Xx0J101pKeHHs1. [IpoBeieHO OCIiI>)KeHHS! BIUVIUBY BiJILLeHTPOBOr0 e(eKTy Ha MOKJIMBICTb 110Ja4i IIOBITPS B
[IOPOXHMHU pOTOpa TypOiHK. PO3rJISHYTI IPUKIIagy Tedii OBITPs B IOPOXKHMHAX, YTBOPEHUX JBOMA NTapajleIbHUMU
IVICKaMU 3 OCbOBOIO 200 pafliasibHOO NOJa4el0 MOBITPs Ha nepudepiitHomy paziyci. [Iposenenuit CFD anamnis
ITI0Ka3aB, 10 B 3aJIE’KHOCTI Bif] HANIPSAMKY 10a4i MOBITPS iCTOTHO 3MIHIOETLCS XapaKTep Tedii B HOpOoKHUHI. [Ipn
pazianbHiil mogadi NOBITPsl B HAPSIMKY OCi 06epTaHHS Mae Micle 6€3BUXPOBUIL XapaKTep Tedii, IpX OCbOBIii -
3'aBiseTbes BUXOp. [IpoTe, BiIMIHHICTE B XapaKTepi Tedil Malike He [M03HAYa€ThC Ha BEJIMYMHI IPOTUTUCKY, IKUI
MEPEILIKOIKAE TTIEPEMILIIEHHIO NMOBITPS. BU3HaY€HO Jiana3oH JOCTOBIPHOCTI Pe3y/IbTaTiB METOAY PO3PaXyHKy
HaCOCHOTro e(peKTy B IPUANCKOBUX IIOPOXXHUHAX POTOPIB ra30BUX TYpOiH, a caMme: BilHOLIEHHS IIMPUHU
IIOPOXKHVHU [0 30BHIIIHBOTO Pafiiyca JncKa He nepesuiye Beandnny 0,17, 1o 103BoJise OOIPYHTOBAHO
BUKOPUCTOBYBATH Li€i1 METO/, IJ151 PO3PAaxXyHKiB CUCTEM OXOJIOKEHHS. PO3p006JIeHO y3araJbHEeHUI Nifgxis 1o
METOJy PO3paxyHKy KoedillieHTiB BUTpaTH i rifpaBsiuHOro ONOPY eJIEMEHTIB CUCTEM OXOJIO/I>)KEHHSI ra30BUX TypOiH
TaKUX, SIK OTBOPH, NOTOBILEHI Aiadparmy, j1abipuHTOBI YILiIbHEHHS, SIKi PETJIAMEHTYIOTh BUTPATy OXOJIOIPKYIOUOTO
MIOBITPS i BiAIIOBIZAIOTh 32 HAAIMHICT | EKOHOMIYHICTE CUCTEMU OXOJIOIKEHHS. PO3PaxyHOK riipaBilivyHOi CXEMU
3aCTOCOBY€E KOoe(illieHTH TifpaBiiyHOTO OMOPY KOKHOI OiSIHKM CXeMHU, & eKCIIePUMEHTaJIbHI 1aHi 4acTo
IpeJcTaBiieHHi KoedillieHTamu BUTpaTyu. ToOMy BCTaHOBJIEHO 3B'S130K MiXK HUMHU 32 I0IIOMOTOI0 IIPUIIYILEHb, SIKi
BPaxXOBYIOTb Pi3HULII0 MK CTUCJIMBAM i HECTUCJIMBUM CEpPeIoBUIaMU. Ha OCHOBI MPOBEIEHUX NOCIIiIKEHb,
OGI'PYHTOBAHO IONPABKY HA CTUCJIUBICTb 0 KOePillieHTy riipaB/liYHOro ONopy NOJOBXKEHUX Aiadparm, OTBOPIB,
J1abipMHTOBUX YIIiJIbHEHb, SIKA YTOUHIOE KoeillieHT rifpaBsiyHoro onopy fo 25%. Po3pobieHo MmaTeMaTUyHy
MOJI€JIb PO3PAXyHKY MifIINITHMKA, OIIMCAH] [TiTX0IM 10 BU3HAYEHHS KOHLEHTpaLil i TepMOIMHaMIYHIX
XapaKTePUCTHUK IBOPA3HOTO TOMOTE€HHOI'O CEPENIOBUIIE, 110 JO3BOJIUJIO BKIIOUUTH MiJMIUITHUK SIK B TifpaBJIivyHy,
TaK i TEIJIOBYy MOZEJIi CCTeM OXOJIOZKEeHHSI Ta30BUX TypOiH. PO3p06sieHO MeTo, pO3paxyHKy TifpaBiiyHOi Mepeski
IIJI1 MACJIOTIOBITPSIHOI CyMillli, IKUH iCTOTHO PO3IIMPUB MOKJIMBOCTI MOJI€JIIOBAHHS IIPOLIECIB OXOJIOIKEHH S
POTOPIB i NiAMMIIHYKIB ra30BUX TypOiH i Mac103abe3edyeH s MiJMNANHNKIB, IO JO3BOJINIIO IPOBECTU CIIiJIbHUN
PO3PaxyHOK CUCTEMHU OXOJIOJKEHHS pOTOpA TypOiHU i MiAMUNIHUKIB. [[poBeieHO JOCTiIKEHHSI CUCTEMU
OXOJIOJPKEHHSI POTOpa BUCOKOTEMIIEPATypHOI ra30Boi TypOiHU 3a JOIIOMOT0I0 PO3POOJIEHUX METOIiB PO3PAXYHKY.
BcTaHOBIIEHO, 110 METOAM PO3PaxyHKY BiANOBiAOTh pOO0YMM JaHUM ra3oTypbiHHOro npuryHa [l 36. Kiouosi
CJI0Ba: Ta30Ba TypOiHa, CUCTeMa OXOJIOIKEHHS, TiIpaBIidyHUM OIip, BUTPATa MOBITPS, MiAMUIHUK, CUCTEMA

Macji03abe3rnedyeHHs.

2. Dissertation is devoted to solving an important scientific and technical task of improving the cooling systems of
gas turbines by further developing the methods of hydraulic and thermal calculation of the channels of the cooling
system of gas turbines. To study the structure and flow properties of these elements, to obtain the dependences

describing this flow. The analysis of scientific and technical literature devoted to the design of cooling systems for



gas turbine engines was carried out, in which international experience of experimental studies and computational
experiments was considered, to the study of heat transfer and flow hydrodynamics in rotating elements. As a
result of the analysis of the literature, it is shown that the main direction of development of efficient and reliable
GTE cooling systems is to improve the accuracy of the calculation of the flow and hydraulic characteristics of the
elements of the cooling system. It is shown that the modeling of processes is influenced by the channel geometry,
flow direction (centrifugal, centripetal), presence of associated flows, parameters and properties (air, oil-air) of the
cooling medium. Therefore, the accuracy with which the simulation of the entire cooling system depends on the
accuracy with which the individual element will be modeled. Mathematical models of hydraulic network elements
have been adapted to calculate gas turbine cooling systems, such as: a device for swirling flow, a heat exchanger,
channels that are moved. Description, theoretical bases of modeling of these elements of a hydraulic circuit, the
researches carried out on the influence of the apparatus of the twist and the heat exchange apparatus on the
efficiency of cooling are given, the corresponding models of cooling systems are made. Impact study conducted of
the centrifugal effect on the possibility of air supply in the cavity of the rotor of the turbine has been studied. The
considered examples of air flow in cavities formed by two parallel disks with axial or radial air supply at a
peripheral radius. CFD analysis showed that, depending on the direction of air supply, the nature of the flow in the
cavity is significantly changed. At radial air supply in the direction of the axis of rotation there is a non-vortex
nature of the flow, with axial - vortex occurs. However, the difference in the nature of the flow almost does not
affect the magnitude of the back pressure, which impedes the movement of air. The range of reliability of the
results of the calculation method of the pump effect in the disk cavities of the rotors of the gas turbines is
determined, namely: the ratio of the width of the cavity to the external radius of the disk does not exceed the value
of 0.17, which allows us to use this method reasonably for calculations of the cooling systems. Developed a
generalized approach to the method of calculating the flow coefficients and the hydraulic resistance of elements of
the cooling systems of gas turbines such as openings, thickened diaphragms, labyrinth seals, regulating the flow of
cooling air, which are responsible for the reliability and economy of the cooling system. In the calculations of the
hydraulic circuit, the hydraulic resistance coefficients of each section of the circuit are used, and the experimental
data are often represented by flow coefficients. Therefore, a connection is established between them using
assumptions that take into account the difference between compressible and incompressible media. On the basis
of the research, justified correction for compressibility to the coefficient of hydraulic resistance of elongated
diaphragms, holes, labyrinth seals, which specifies the coefficient of hydraulic resistance to 25%. A mathematical
model for calculating the bearing has been developed, approaches have been described for determining the
concentration and thermodynamic characteristics of a two-phase homogeneous medium, which made it possible
to include the bearing in both the hydraulic and thermal models of gas turbine cooling systems. A method was
developed for calculating the hydraulic network for the air-oil mixture, which significantly expanded the
possibilities for simulating the cooling processes of the rotors and bearings of gas turbines and providing bearings
with oil, which made it possible to jointly calculate the cooling system of the turbine rotor and bearings. A study of
the cooling system of the rotor of a high-temperature gas turbine was carried out using the developed calculation
methods. It is esta
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