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Pedepar:

1. Po6oTa mpucssiueHa po3po61Li METOyBU3HAYEHHIO BIJIMBY a6Pa3MBHOTO 3HOIIYBAHHS IIPOTOYHOI YaCTUHU
KoMmIipecopa razotryp6inHoro gsurysa (I'TII), mo npatifoe B yMoBax IiIBULLIEHOI 3aIIMJIEHOCTI, Ha 110T0
TEPMOTra3041HaMIiuHi ITapaMeTpy Ta XapaKTePUCTUKY LIJIIXOM MaTeMaTUYHOIO MoJenoBaHHs. [TokasaHo, 110
ekcrutyataunis ['T]] y 3anuiaeHoOMy cepeloBUILi IPU3BOIUTD 10 3POCTaHHS IMTOMOI BUTPATH I1a/INBa, 3HDKEHHS
IIOTY>KHOCTI Ta MOTipIIE€HHS Ira304MHAMIYHOI CTIHKOCTi. OCHOBHOIO IIPUYMHOIO LIbOTO € €PO3iliHe 3HOLIYBAHHS
KOMIIPECOPA, sIKe 3MiHIOE F€OMETPII0 JIONATKOBUX BiHIIIB i 3Milllye po6odi pesxxumu. [IpoaHasizoBaHO iCHYIOUI
MEeTOJIY MOJIEJIIOBAHHS, 30KpeMa Mogeti 0-ro Ta 1-ro piBHiB, 0 6a3yl0TbCs Ha y3araJlbHEHUX XapaKTePUCTHKAX i

IIOTIPaBKOBUX Koe@illieHTax, a TaKOK MOJieJli 2-TO piBH4, SIKi [103BOJISIIOTh BPaXOBYBaTH F€OMETPIl0 IIPOTOYHOI



4YaCTUHU. BCTaHOBJIEHO, 1110 BUKOPUCTAHHS ITONIPAaBKOBUX KOE(DilliEHTIB CIIpoIye pO3paxyHKY, ajie 3HUXKYE iX
TOYHICTb, TOA] SIK OiJIbIL AeTaIbHI MOZeJIi MOTPedyIoTh LONATKOBUX JAaHUX. Y POOOTI YIOCKOHATIEHO METO[
PO3paxyHKy TEPMOTra3oMHaMiuyHuX ITapaMeTpiB TypboBasbHOro I'TJl Ha OCHOBI HeJliHilTHOI MOAY IbHOT
MaTeMaTU4HOi MOJieJli 3 IBOBUMIPHMM OMKUCOM 6araTOCTYIIEHEeBOTO OCbOBOTO KoMIpecopa. lle mo3sonunmio
BpaxyBaTy 3MiHy FeOMETPUYHUX NIaPAMETPIB JIONIATOK 32 BUCOTOIO BHACJIIOK 3HOIIYBAaHHS, & TAKOXK BIIJIUB
IIOPCTKOCTI Ta pafiiajibHOTO 3a30py. PO3p06ieHO METOAMKY BU3HAUEHHS TeOMETPUYHUX [TapaMeTpiB 3HOIIEHOT0
KOMIIPECOpa, 110 BPax0OBYye 3MiHy XOpAH, KyTiB IpodisiB i BCTAaHOBJIEHHS JIONATOK y3[0BXK pajiyca. Ha ii ocHoBi
3MOJ€JIbOBAHO F€OMETPII0 JIONATKOBUX BiHIIIB MiCJIS 3HOIIYBAHHS Ta BUKOHAHO PO3PaXyHOK XapaKTEePUCTUK
KOMIIpecopa i IBUryHa. Pe3ysibTaTul [10Ka3ajy, o abpa3uBHe 3HOIIYBAaHHS IIPU3BOAUTH [0 MiTBUIIEHHS
TeMIIEpPaTypH, 3HIKEHHS TUCKY, BUTpaTy NoBiTps Ta KK] komnpecopa, a TakoX 10 3MillleHHsI MeXXi CTiliKoi po6oTH.
JJ1g nocigpKyBaHOrO IBUT'YHA BCTAHOBJIEHO 3HVKEHHS MTUTOMOI ITOTYKHOCTI Ha 14%, 3pOCTaHHA MUTOMOI BUTPATU
nanuBa Ha 6,4% Ta 3MeHIIEeHHs 3anacy ra3ognHamivHoi crifikocTi Ha 11,1%. Po3pobiieHnii MeTos, MoxKe 6yTH
BUKOPMCTAaHUI [1J1s1 IPOTHO3YBaHHS TexHIYHOro cTtaHy ['T]l Ta OLiHKM BIIMBY 3HOLIYBaHHS IIPY €KCILTyaTallii B
3anujaeHoMy cepenosulli. HaykoBa HOBu3HA poboTu: 1. Yrieplie 11 po3paxyHKOBOTO BU3HAUEHHS BILJIUBY
a6pa3uBHOTO 3HOLIYBAHHS MPOTOYHOI YaCTMHU KOMIIPECOPA Ha XapaKTePUCTUKU TYpOOBaIbHOTO IBUTYHA,
3aMPONIOHOBAHO METOJI, OCHOBAHUI Ha MOBY3JI0Bil HEJIHINHIA MaTEMaTUYHIA MOJIE€JIi JBUTYHA, 1[0 CIIMPAETHCS HA
IBOBMMIPHUI ONMC 6araToCTyIIEHEBOTO OCbOBOTO KoMmInpecopa. 2. Habysia nofanpiioro po3BUTKY METOAMKA
BM3HAUYEHHSI T€OMETPUYHUX [TapaMeTPiB JIONATKOBUX BiHIIiB OCbOBOrO KOMIIpECOpa Ha pi3HUX pajiiycax 3a
00ME>KeHUM MaCHBOM €KCIIEPUMEHTAJIbHUX JIJAaHUX [IPO 3MiHEHHS XOpH JIONIATOK Ha CEpeIHbOMY pajiyci Ta
nepudepii BHaCIiToK abpa3uBHOTrO 3HOCY. 3. YIOCKOHAJIEHO METO/, PO3PaxyHKYy TEPMOTra3o M HaMiYHUX IlapaMeTpiB
Ta XapaKTEepPUCTUK OCbOBOTO 6araTOCTYIIEHEBOrO KOMIIPECOPa B ABOBUMIPHIii MOCTAaHOBLi LIJIIXOM YTOYHEHHS
HaMiBeMIIIpUYHUX 32JIEXKHOCTEN 1151 BUBHAYEHHS BTPAT IIOBHOTO THUCKY Ta KOe(illieHTiB KOPUCHOI il CTyIeHiB, a
TaKOX ypaxyBaHHS BILJIMBY 3pOCTaHHS LIOPCTKOCTI [IOBEPXOHb JIONATOK i 30iJIbII€HHSI paliaJIbHOTO 3a30pY.
[TpakTUyHe 3HaUYE€HHS OTPMMAHUX pe3yJibTaTiB: 1. PO3pobsieHuil MeTos pO3paxyHKOBOTO aHali3y BILJIMBY
abpa3MBHOrO 3HOIIYBAHHS IPOTOYHOI YaCTMHU KOMIIPECOPA Ha XapaKTEPUCTUKU TypOOBAJILHOIO Ta30TypOiHHOTO
IBUTYHA Ta BiANOBiIHMI KOMILJIIEKC [IPOrpaM 3a6€311e4yIOTh MiIBUIIEHHS OOIPYHTOBAHOCTI iH)KEeHEpHUX pillleHb Mif
4yac BU3HAYEHHS TEXHIYHOIO CTaHy ABUTYHIB, IPOrHO3yBaHHY 3MiHH iX €KCIIJIyaTallifiHUX XapaKTePUCTHUK, OL[iHKU
3araciB ra3oJMHaMi4HOI CTIMKOCTI Ta IPOrHO3yBaHH 3POCTAaHHS €KCIUIyaTalliiHMX BUTPAT, 30KPEMA BHACJIIIOK
30i7IbIIE€HHS IUTOMO] BUTPATH MajMBa 1 3MEHIIEeHHS TUTOMOI IOTY>KHOCTI. 2. OTpUMaHi po3paxyHKOBI JaHi 1040
IIPOCTOPOBO-PAaliaJIbHMX PO3IOALJIB IapamMeTpiB IIOTOKY B KOMIIPECOPi (KyTiB HaTiKaHHS, IIBUAKOCTEN, IOBHOI Ta
CTaTMYHOI TeMIlepaTypy 1 TUCKMU), a TAKOXX KiJIbKiCHI IIOKa3HMUKM 3MiHU iHTErpajibHUX XapaKTepUCTUK KOMIIpecopa
(ctynens nipnBumeHHs trcKy, KK i 3anaciB razoguHaMidHOi CTIMIKOCTI) JO3BOJISIIOTH OLiHIOBAaTH BILJIUB a0Pa3UBHOTO
3HOIIYBAaHHS Ha €(PEKTUBHICTb i CTIMKiCTh pOOOTH KOMIIPECOPA, IPOrHO3yBATH HAOIVDKEHHS TPAaHUYHUX CTaHIB i

BU3HAYaTU JONYCTUMI PEXXMMU €KCILTyaTallii.

2. The dissertation is devoted to the development of a method for determining the influence of abrasive wear of
the compressor flow path of a gas turbine engine (GTE), operating under conditions of increased atmospheric
dustiness, on its thermogasdynamic parameters and performance characteristics using mathematical modeling. It
is shown that operation of a GTE in a dusty environment leads to an increase in specific fuel consumption, a
decrease in power output, and deterioration of gas-dynamic stability. The main cause of these effects is erosive
wear of the compressor, which alters the geometry of blade rows and shifts operating regimes. Existing modeling
methods are analyzed, including zero- and first-level models based on generalized characteristics and correction
factors, as well as second-level models that account for flow path geometry. It is established that the use of
correction factors simplifies calculations but reduces their accuracy, whereas more detailed models require
additional input data. The method for calculating thermogasdynamic parameters of a turboshaft GTE has been
improved based on a nonlinear modular mathematical model with a two-dimensional description of a multistage
axial compressor. This makes it possible to account for changes in blade geometry along the span due to wear, as
well as the influence of surface roughness and radial clearance. A methodology for determining the geometric
parameters of a worn compressor has been developed, taking into account changes in chord length, blade profile



angles, and stagger angles along the radius. Based on this methodology, the geometry of worn blade rows was
modeled, and the compressor and engine performance characteristics were calculated. The results show that
abrasive wear leads to an increase in temperature, a decrease in pressure, air mass flow rate, and efficiency of the
compressor, as well as a shift of the stability limit. For the studied engine, a decrease in specific power by 14%, an
increase in specific fuel consumption by 6.4%, and a reduction in gas-dynamic stability margin by 11.1% were
established. The developed method can be used to predict the technical condition of gas turbine engines and to
assess the effect of wear during operation in dusty environments. Scientific novelty of the work: 1. For the first
time, a method for the computational assessment of the impact of abrasive wear in the compressor flow path on
the performance characteristics of a turboshaft engine has been proposed. The method is based on a component-
wise nonlinear mathematical model of the engine and relies on a two-dimensional description of a multistage axial
compressor. 2. The methodology for determining the geometric parameters of axial compressor blade rows at
different radii based on a limited set of experimental data on the change in blade chord at the mean radius and the
tip due to abrasive wear has been further developed. 3. The method for calculating thermogasdynamic parameters
and performance characteristics of a multistage axial compressor in a two-dimensional formulation has been
improved through the refinement of semi-empirical correlations used to determine total pressure losses and stage
efficiency coefficients, as well as by accounting for the effects of increased blade surface roughness and enlarged
radial clearance. Practical significance of the obtained results: 1. The developed method for the computational
analysis of the impact of abrasive wear in the compressor flow path on the performance characteristics of a
turboshaft gas turbine engine, together with the corresponding software, enhances the substantiation of
engineering decisions in determining the technical condition of engines, forecasting variations in their operational
characteristics, assessing gas-dynamic stability margins, and predicting the growth of operating costs, in
particular due to increased specific fuel consumption and reduced specific power output. 2. The obtained
computational data on the spatial and radial distributions of flow parameters within the compressor (including
incidence angles, velocities, total and static temperatures and pressures), as well as quantitative indicators of
changes in the integral compressor characteristics (pressure ratio, efficiency, and gas-dynamic stability margins),
make it possible to evaluate the effect of abrasive wear on compressor efficiency and stability, to predict the
approach to limiting states, and to determine permissible operating regimes.
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