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Tema guceprauii:
1. ITigBuimenHs e(peKTUBHOCTI KOMIIPECOPIB ra30TypOiHHMX ABUTYHIB IIJIIXOM iX a€POANHAMIYHOIO yAOCKOHAIEHHS

Ha OCHOBI aHaJIizy IpOoCTOPOBOi PopmMHU Teuii

2. Increasing of the gas-turbine engine compressors efficiency by their aerodynamic improvement based on the
three-dimensional flow analysis

Pedepar:

1. Y nuceprauii po3B’si3yeTbCs IpobsieMa MifBUleHHS e(peKTUBHOCTI KOMIIpecopiB ra3oTyp6iHHuxX nBuryHis (I'T/)
IIJISIXOM KOMIIJIEKCHOTO BapiloBaHHS POPM JIONATOK — iXHBOTO TAaHTEHIiaJIbHOTO HaXUJy, APYCHOCTI, 3
3aCTOCYBaHHSM IIPOCTOPOBOI «K€POBAHOI» N1(Y30PHOCTI, S-NIOAIOHOCTI NPOQisiB, HA OCHOBI PO3PaXyHKY
TPUBUMIPHOI B'I3KOi Tedii 3 IJIaHyBaHHSIM €KCIIEPUMEHTY. JI71s1 peasisallii TaKuxX pO3paxyHKiB 3aCTOCOBYIOTHCS
nporpamHi kommiekcu Kompress 2.0 3 npodinosaHHs jonatok i ANSYS CFX i3 po3paxyHKy TPMBUMIpPHOI B'SI3KOi
Teyii. PO3po6sieHO MeTO, ONITUMAa/ILHOTO IIPOEKTYBAHHS JIONATKOBUX BiHIIiB 6araTOCTYyIiHYaTOrO OCbOBOTO
KomIipecopa y GopMi po3B’si3aHHS ri6puaHoi aepoaHaMiYHOI 3a7a4i, 3 ypaxyBaHHSIM O0OMeEXEHb, B IKOMY

IIPOEKTYBaHHS 3 BUBHAYEHHSIM reOMeTpUYHUX GOPM 3[iHICHIOETHCS SIK PO3B'sI3aHHS OOEPHEHOI 33/a4i 3 T101aJIbIIOI0



IePEeBIPKOI0 ONTUMABHOCTI Ta PO3PAXyHKOM BUXiIHUX a€POJMHAMIYHUX XapaKTEPUCTUK MPSIMUM METOLIOM.
30Kpema, OTPUMaHO HOBi MapaMeTPUYHi MOJIeJTi JIOMAaTOK PO6OYMX KOJIIC i HAMPSIMHUX anapariB, OTPUMaHO
aHaJIITUYHY 3aJIeXXHICTb 1J1s1 BUBHaY€HHSI (POPMU TaHT€HLiaJIbHOTO HAaxWily JIONIATOK HAIPSIMHOTO arapara.
OTprMaHO aHaIITUYHI 3aJI€KHOCTI /17151 BU3HAYEHHS ONTUMAJILHUX KYTiB aTaKy Ta BiflCTaBaHHS IIOTOKY, KDUTEPIIB
3puBy i KoeillieHTiB BTpAT Y JIONATKOBUX BiHILISIX OCbOBOTO KOMIIpECOpPa y BUIJISZI JOOYTKY allPOKCUMYIOUNX
dyHKLil; po3p06JI€HO aITOPUTMU Ta ITporpamu st GopmyBaHHs podisio rnepa JIonaTky 3 S-1oAi6HicTIo Ta
pi3HOIO TOBIIMHOIO NTPOdiIio; 3aIIPONIOHOBAHO CIIPOLIeHe MOJIEIIOBaHHS XapaKTePUCTUK CTYIeHiB KoMIpecopa 3i
3MiHOIO T€OMETPUYHUX IIAPAMETPIB JIONATKOBUX BiHIIIB 33 JOIIOMOTIOI0 IPEKO-JIATUHCHKUX KBAIPATiB HA OCHOBI
PO3B’s13aHH4 NPsAMOI 3a7adi. BuksaneHuit po3paxyHKOBO-TEOPETUYHUM TigXif, 1010 GOPMYBaHHS BUTTISAY
komripecopa ['T]l 6yy10 BUKOPUCTAHO NIPU IPOEKTYBAaHHI TPbOX OAraTOCTYIiHYATHX OCbOBUX KOMIIPECOPIB —
TPUCTYMiHYATOrO, IECTUCTYIIHYATOrO Ta AE€CSITUCTYMiHYATOro. [IjIsl eKCIIepUMEHTAIbHUX JOCIIIIPKEeHb X
6araToCTyniH4aTUX KOMIIPECOPIB pO3PO6JIEHO CX€MU IIPENAapyBaHHs CTE€HiB, CTBOPEHO METOAMKY BU3HAUYEHHS
IlapaMeTpiB IIOTOKY B3/I0BXK BUCOTU IIPOTOYHOI YacTMHU. CTBOPEHO aepofMHaMiYHUI CTeH], [1J1s
eKCIIepUMEeHTaJIbHOI NepeBipKy e(peKTUBHOCTI 3aIIPOIIOHOBAHOI (POPMU TaHT'€HIIiaIbHOTO HAaXUJTy HaIllPSIMHUX
JIOTIATOK, PO3PO06JIEHO METOIUKY JAOCTiIKEHHS IapaMeTpiB [TOTOKY B CEKTOPHII MOZEJIi JIONAaTOK HAMIPSIMHOTO
anapara. TectoBa aepouHaMiyHa ONTUMI3ALlis JIONATKOBOI CUCTEMU €KCIIEPUMEHTANILHO IOCTiIKEeHUX
6araToCTyniHYaTUX KOMIIPECOPIB i3 BUKOPUCTAHHSIM 3alIPOIIOHOBAHUX MifxX0iB no3sosnia orpumaTt KK]I
BMICOKOHAIIipHMX KOMIIpeCOpHUX cTyneHis 0,92-0,93 Ta nigBumuT eeKTUBHICTb 6araTOCTyiHYaTUX OCbOBUX
KomIpecopis Ha 1-2,4 %.

2. The dissertation solves the problem of gas turbine engine compressors efficiency increasing by a complex
variation of blade profiles — their lean, chord variation, using three-dimensional controlled diffusion, S-shaped
profiles, based on the calculation of the three-dimensional viscous flow and the theory of experiment planning.
Kompress 2.0 software for blades profiling and ANSYS CFX software for the threedimensional viscous flow
calculation were used to implement such calculations. An optimal design methodology for multistage axial
compressor blade vanes profiling was developed, taking into account limitations, in the form of the hybrid
aerodynamic problem solution. In this methodology the designing with the definition of geometric forms was
carried out as a solution of an inverse problem with further optimality verification and output aerodynamic
characteristics calculations by a direct method. In particular, new parametric models of rotor and stator blades
were adapted for their aerodynamic optimization; an analytical dependence for lean shape of stator blades based
on the radial flow non-uniformity was obtained; a new analytical dependencies obtaining method for optimal
incidence angles, deviation angles, stall criteria and loss coefficients in multistage axial compressor blade vanes
was proposed as an approximating functions composition; algorithms and programs for blades profiling with S-
shape and thickness change have been developed; the simplified method of compressor stages characteristics
modeling on changing geometric blade parameters based on the greek-latin square method was developed by the
direct problem solving. The presented calculation and theoretical analysis of the gas-turbine engine compressor
form formation was used in the designing of three multistage axial compressors - three-stage, six-stage and ten-
stage. The preparation schemes for multistage compressors test rig researches have been developed; the
methodology for determining of the flow parameters along the multistage compressor flow path based on the
direct measurements results during its test rig researches was created. An original aerodynamic test rig was
designed for experimental efficiency verification of the proposed stator blade vanes lean form, and a methodology
for studying of the flow parameters in the sector stator blade vanes model was created. Aerodynamic optimization
of the multistage experimentally investigated compressors using the suggested approaches allowed to obtain an
efficiency of the highpressure compressor stages 0.92-0.93 and to increase the efficiency of multi-stage axial
compressors by 1-2,4 %.
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