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Jucepraliito MPUCBAYEHO BUPIIICHHIO BaXKJIMBOI HAYKOBO-TEXHIYHOT 3ajadi
BIOCKOHAJIEHHS CHCTEM OXOJOJ/DKEHHS Ta30BUX TYypOiH MLUISXOM TMOJAJIBIIOrO
PO3BUTKY METOJIB TiAPABIIYHOTO 1 TEIJIOBOIO PO3PAXYHKY KaHAIIB CHCTEMU
OXOJIO/XKEHHSI Ta30BUX TypOiH. BUBUEHHIO CTPYKTYpPH 1 BIACTUBOCTI MOTOKY B IIUX
eJIeMEeHTax, OTPUMAHHIO 3aJICKHOCTEH, ONMMCYIOYNX IIeH MOTIK.

Bukonano  aHami3a  HAyKOBO-TEXHIYHOI  JIITEpaTypu,  MPUCBSIYCHIN
IIPOCKTYBaHHIO cucTeM oxonokeHHs ['TJ[, B sskoMy poO3MIISIHYTO MiKHApOIHUM
JIOCBIJ] €KCIIEPUMEHTAIBHUX JOCIIKEHb 1 O0OYMCITIOBAIBHUX €KCIICPUMEHTIB, IO
710 JTOCTIHKEHHS TeIUIO0OMIHY 1 TiAponHaMiKK Tedii B 00epTOBHX elleMeHTaX. B
pe3yNbTaTi aHamilzy JiTepaTypyd MOKa3aHO M0, OCHOBHUM HAIPSMOM PO3BUTKY
eheKTUBHUX 1 HAIIHHUX cucTeM oXojokeHHs [T/ € mimBUINEHHS TOYHOCTI
pPO3paxyHKy BHUTPATHUX 1 TIIPaBIIYHUX XapaKTEPUCTUK €JEMEHTIB CHUCTEMU
OXOJIO>KCHHSI.

[lokazaHo, 1m0 Ha MOJENIOBAHHS MPOIIECIB BIUIMBAE TE€OMETPIs KaHAIY,
HalpaBJieHHs] Teuii (BIILIEHTPOBE, IOIEHTPOBE), HASIBHICTh CYNyTHUX IOTOKIB,
nmapaMeTpu 1 BIACTUBOCTI  (MOBITPSl,  MAacJO-TOBITPSA)  OXOJIOJKYIOUOIO
cepenoBuiia. ToMy BiJi TOUHOCTI, 3 KOO OyJ/i€ 3MOJIeIbOBAHUN OKPEMHUI €IEMEHT,

3aJICKUTHh HAIHHICTHE MOJEIIOBAHHS BCIET CUCTEMH OXOJIOKEHHS.



[IpoBeneHo aganTaiilto MaTeMaTUYHUX MOJEJIEH €JIEeMEHTIB TiIPaBIIYHUX
MEpPEX I PO3paXyHKy CHCTEM OXOJOJKEHHS Ta30BUX TypOiH, TaKUX fK: amapaT
3aKpy4dyBaHHS MOTOKY (A3), TEIIOOOMIHHUK, KaHAJIH, 1110 TIEPEMILIYIOThCS.

HaBengeno omnuc, TeopeTHYHI OCHOBH MOJICTIOBAHHS IIUX €JIEMEHTIB
TiIpaBIIYHOI CXEMHU, NPOBEIEHI YMCENIbHI JOCIIKEHHS IO BIUIMBY amnapara
3aKpydyBaHHS 1 TEMJI0OOMIHHMKA Ha €(QEeKTUBHICTh OXOJO/KEHHS, CKJIaJeH1
BIJMOBIHI MOJIEI1 CUCTEM OXOJIOKEHHS.

BcranoBneno, mo eQeKTUBHICTh OXOJODKCHHS TpH 3acTocyBaHHI A3
30ubIIyeThes Ha 15%.

3anponoHOBAaHO MiAXiJ BKJIIOYEHHS B 3arajbHy TiIpaBIiyHy CXEMY
TEMJI000MIHHUKA, MPU 3araJilbHOMY Ha0Op1 MOYATKOBUX JIAHUX, SIK1 BiOOpaKarOTh
poOOTY TEIII0OOMIHHUKA B 3MIHHOMY PEXKHUMI.

[IpoBeneHo nOCHIIKEHHS BIUTMBY BIILIEHTPOBOTO €(eKTy Ha MOMIHUBICTH
nojadi MOBITPS B TOPOKHUHU poTopa TypOiHM. Po3risiHyTi npukiagu Tedii
MOBITPSI B MOPOXXHUHAX, YTBOPEHUX JBOMAa MapajeIbHUMH IUCKAaMHU 3 OCHOBOIO
a00 pajiaJbpHOI0 MMOJIavYer0 MOBITPS Ha TepudepiitHoMy paaiyci.

[Tpoenenunit CFD anani3 mokasag, 110 B 3aJI€KHOCTI BiJl HapsSMKY Togadqi
MOBITPSI ICTOTHO 3MIHIOETHCS XapakTep Teuil B mopoxkauHi. [Ipu pamianbHiit momayi
MOBITPSI B HAIIPSIMKY OCi1 00epTaHHs Mae Miclie 0€3BUXPOBUI XapakTep Tedii, mpu
OChOBIH - 3'aBNA€TbCS Buxop. [IpoTe, BIAMIHHICTD B XapakTepi Tedii maibke He
MO3HAYAETHCS HA BEIUYMHI TPOTUTUCKY, SKUU TMEPEIIKO/DKAE TEPEMIIICHHIO
MOBITPSI.

BusnaueHo niama3oH JOCTOBIPHOCTI PE3yNbTATIB METOAY pPO3PaxyHKY
HAaCOCHOTO €(eKTy B MPUAUCKOBUX MOPOKHUHAX POTOPIB ra30BUX TypOiH, a came:
BIIHOLIEHHS IIUPUHU MOPOKHUHU 10 30BHIIIHBOTO pajilyca AUCKA HE MEPEBUILYE
Benuuuny 0,17, mo 103BOJIsiE OOIPYHTOBAHO BUKOPUCTOBYBATH LI METOH st

PO3paxXyHKIB CUCTEM OXOJIOIKEHHSI.



Po3po0neno y3arajibHEHM MNIAX1A A0 METOLY PO3PaXyHKY KOe(]illeHTIB
BUTPATH 1 FIAPABIIYHOTO OMOPY €JIEMEHTIB CUCTEM OXOJIOIKEHHS ra30BUX TypOiH
TaKUX, SK OTBOpPW, NOTOBUIEHI jAiapparMu, JIaOIpUHTOBI YIIUIBHEHHS, Kl
pErIaMEHTYIOTh BUTPATy OXOJIO/KYIOUOTO MOBITPSI 1 BI/IMOBIIAIOTh 3a HAIIUHICTH 1
€KOHOMIYHICTh CUCTEMHU OXOJIOIKCHHS.

Tak saK poO3paxyHOK TiAPABIIYHOT CXEMH 3aCTOCOBYE KOEQIIIEHTH
TIPaBIIYHOTO OMOPY KOXHOI JAUISTHKA CXEMH, a €KCIepMMEHTaJbHI JIaHl 4acTo
npeACTaBiIeHHI Koe]illiEeHTaMu BUTPATH, TOMY BCTAHOBJIEHO 3B'A30K MK HUMU 3a
JIOTIOMOTOI0  MPUITYIIEHb, SIKI BPAaXOBYIOTh PIZHUINIO MIK CTUCIHUBUM 1
HECTHUCIIMBUM CEPEIOBUIIIAMHU.

Ha ocHOBI mpoBeneHMX HOOCHIIKEHb, OOIPYHTOBAHO TOMPaBKy Ha
CTUCJIUBICTh J0 KOEQILIEHTY TiAPABIIYHOTO OMNOPY TOJOBXKEHUX aiadparm,
OTBOpIB, JIAOIPUHTOBHMX VIIiJIbHEHb, SKa YTOYHIOE KOE(IIIEHT TiAPaBIIYHOTO
onopy 10 25%.

Po3pobiieHo maTtemMaTHyHy MOJENIb PO3pPaxyHKy MIMIMITHUKA, OIHUCaH1
MiIXOAW 10 BU3HAYEHHSA KOHIIGHTpAlii 1 TEPMOJMHAMIYHUX XapaKTEPUCTHUK
1B0(a3HOTO TOMOT€HHOT'O CEPEAOBHINA, 110 JO3BOJIMIO BKIIOYUTH MiJITUITHUK SK
B T1IpaBIivYHy, TaK 1 TEMJIOBY MOJEJ1 CUCTEM OXOJIO/KEHHS ra30BUX TypOIH.

Po3pobneno MeToa po3paxyHKy TiApaBIIdHOI MEPEXi JJIT MAacIOMOBITPSHOT
CyMimii, SIKHA 1CTOTHO pO3UIMPUB MOXJIMBOCTI MOJICTIOBAHHS TIPOIECIB
OXOJIO/PKEHHSI POTOPIB 1 MIAIMIMITHUKIB Ta30BHX TypOiH 1 Macio3abe3nedeHHs
MIAINIAITHAKIB, IO JJO3BOJWJIO TIPOBECTH CHUIBHUM PO3PAXyHOK CHCTEMU
OXOJIOMPKEHHSI pOTOpa TypOIHU 1 TAIIUITHUKIB.

[IpoBeneno JOCJTIJIPKEHHS CUCTEMU OXOJIOJKEHHS poropa
BHCOKOTEMIIEpAaTypHOi Tra30BOi TYpOIHM 3a JOMOMOTOI0 PO3POOJIECHHUX METOJIiB
po3paxyHKy. BcCTaHOBIIEHO, 10 METOAM PO3PaXyHKY BIAMOBIIAIOTE POOOYUM

naHUM Ta3oTypOinHOoro nBuryHa J| 36.
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ABSTRACT

Mykhaylova I. O. Development of methods for calculating the cooling of
rotating elements of gas turbines. — The qualification scientific work on the
manuscript.

The dissertation for the degree of Candidate of Technical Sciences (Ph. D.)
in the specialty 05.05.16 «Turbomachine and turbine plants», (technical sciences).
National Technical University "Kharkiv Polytechnical Institute”, Ministry of
Science and Science of Ukraine, Kharkiv, 2018.

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 established that the
calculation methods correspond to the working data of the D-36 gas turbine
engine.

Key words: gas turbine, cooling system, hydraulic resistance, air flow,

bearing, oil-freezing system.
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