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ONTUMMU3ALIUS ITIPOTOYHOM YACTH BXOITHOI'O KAHAJIA
KOMIIPECCOPA BBICOKOI'O JABJIEHUA

N.H. Eropos, I'.B. Kpetunun, K.C. ®eneyknd
IMTAO «OJIK-YMIIO» OKbB um. A. JIroneku, r. Mocksa, fedeconst@mail.ru

Knrouesnie crnosa: Komnpeccop, onmumusayusd, npomodHas 4acmvb Komnpeccopda.

B mporecce pa3Butus ra30TypOMHHBIX JBUTATENIEH TOCTOSHHO YKECTOUAIHNCh TPEOOBaHUS K
ra3o/IMHaMUYEeCKUM M KOHCTPYKTHBHBIM MapaMeTpaM KoMIiipeccopoB. JKenaHue yMEeHbIIUTh BeC U
pa3Mepbl aBUALlMOHHOIO JBUTATENs, IIPU COXPAHEHUH WK YIyYLIEHUH €r0 NapaMeTpoB, IPUBEIO K
CO3/IaHUI0 BBICOKOHArPYXEHHBIX KOMIIPECCOPOB C OYEHb KOMIAKTHBIM PACIOJIOKEHUEM KacKaJIoB
(puc. 1). OTo ecTrecTBEeHHBIM 00pa30M OTPA3MIIOCh KaK Ha XapaKTepe MPOTEKaHHs XapaKTEPUCTHK
kommpeccopa Huzkoro aaBieHus (KHJI) m Beicokoro maenenms (KBJI), Tak m Ha yBennueHUH
B3alMHOI'0 BIUSHUSA APYT Ha Jipyra.
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Pucynox 1 — Bzaumnoe pacnonoxcenue KH/] u KB/] 05 ceputinozo u onbimnoz2o 0eueameiisi

Jns pemieHuss COBpPEMEHHBIX 3a/ad IMPOEKTUPOBAHMS KOMIIPECCOPOB M yyeTa IpPH 3TOM
B3aMIMHOT'O BJIMSTHHS KacKaJoB JApyT Ha npyra B padbote npumeneH 3D-CFD meton pacyera TeueHus.
Bri6op 3D-CFD pacueTHOro MeT0/1a JJIsl OLIEHKH TeUEHUS B KOMIIPECCOpe 00YCIOBICH MPUEMIIEMbIM
Ka4E€CTBEHHBIM U KOJIMYECTBEHHBIM OMMCAHUEM €T0 MPHU 3HAYUTEILHOM CHUKEHUH CTOMMOCTHBIX U
BPEMEHHBIX PECYPCOB 10 CPABHEHUIO C IKCIIEPUMEHTAIIBHBIMU UCCIEAOBAHUSAMH.

OnHUM U3 acleKToB, TPEOYIOUIMX BHUMaHUS IpU pa3paboTKe COBPEMEHHOTO KOMITAKTHOTO
JBYXKOHTYPHOTI'O JIBUTATEIs, SIBJISETCS B3aUMHOE PACIIONIOKEHUE KOMIIPECCOB HU3KOI'O U BBICOKOTO
JaBJIeHUs, a Takke GopMa KaHajla MPOMEKYTOUHOTO KOPITyca, 10 KOTOPOMY TE€YET BO3yX IMEPBOTO
KOHTypa. B paMkax naHHOW paOOThl OBUIH PACCMOTPEHBI Pa3InYHble BapHAHTHI ()OPMBI BXOAHOTO
kanHana KB/I: nmimHapuyecknii, KaHal CEpUMHOrO JIBUTaTeNs, KaHal ONbITHOro auratens. Kak
MOKa3adu pe3yabTaThl pacueTa pacCMOTPEHHBIX BapHAHTOB, (popma KaHaia BIMSIET HE TOJIBKO Ha
MOTE€pPU TMOJHOTO J[ABJIEHUA B CaMOM KaHaJle MPOMEXKYTOYHOTO KOpIyca, HO M Ha XapakTep
MPOTEKaHUs HAIOPHBIX BETOK xapakTepuctuku KB/I.

Jnst olleHKH BO3MOXHOCTH TIOMCKa ¢opmbl kaHana Ha Bxoae B KBJl ¢ MuHMManbHBIMU
MOTEPSIMU MOJHOTO JaBICHUS U MHHUMAJIbHBIM BIMSHHEM Ha XapaKTepUCTHUKY KOMIIpeccopa ObLia
co3/laHa pacueTHas MOJENb JIJIsl TTIOMCKAa ONTUMAIbHON reoMeTpruieckoi (JopMbI BXOJHOTO KaHala
KB/ (puc. 2). BappupyemMpIMu BeIHMUYMHAMHU B 3a/laye ONTHMHU3AIMUU OBLTU 3HAYCHHS PaIlyCcoB
KOHTPOJIBHBIX TOYEK I10 JJIMHE KaHaja, yepe3 KOTOPhIe MPOXOAUT CIUIAiH, ONMUCHIBAIOIMNNA GopMy
MPOTOYHOM 4YacTU. B KaduecTBe KpUTEpUEB ONTHMH3ALMU PACCMATPUBAIUCH ITOTEPU IOJIHOTO
JaBJICHUS B MpoMekyTouHOM Kopryce u KIIJI koMmpeccopa B 3aJJaHHBIX TOYKaX XapaKTEPUCTHKU
[IPY O'PAHUYEHUN PsAJIa Ta30JMHAMUYECKUX [IapaMETPOB KOMIIPECCOPA.
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Pucynox 2 — Pacuemnas moodens 0151 HOUCKA ONMUMATbHOU (hopmbl 6x00n020 kanana KB/

B pesynbrare BBIONHEHHOTO HCCIEAOBaHUs Oblla HaiieHa reomeTrpuueckas (opma
MPOTOYHOM dYacTH, OOECIeUWBIIAs YMEHBIICHUE IMOTEPh IMOJHOTO IABJICHHUS IO CPABHCHHIO C
POTOTUIIOM M MHHUMaJIbHOE n3MeHeHnue xapakrepuctuk KBJI (puc. 3).
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Pucynox 3 — Pesynomam pewenus 3a0aqu onmumusayuu. [Ipomounas uacmo KB/
¢ 6a30601 U ONMUMATILHOU POPMOU 6XOOHO20 KAHANA
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HIGH PRESSURE COMPRESSOR INLET FLOW PATH OPTIMIZATION

I.N. Egorov, G.V. Kretinin, K.S. Fedechkin
«UEC-YMPO» named after A. Lulka, Moscow, fedeconst@mail.ru

Keywords: compressor, optimization, flow part of compressor.

During the turbofan engines evolution there was a constant increase of requirements to gas
dynamic parameters and construction of the compressor. The desire to reduce the mass and size of an
engine while keeping or increasing its general parameters lead to designing of high-loaded
compressors with very compact stages placement. (fig. 1). Naturally, compressor maps nature course
of both LPC and HPC changed and their influence on each other increased significantly.

Fig. 1 — The locations of LPC and HPC for a serial and experimental engine

In order to solve modern compressor design problems and to calculate the influence of the
different group of stages on each other 3D-CFD method was implemented. The nowadays level of
3D calculation advancement allows acquiring results almost as reliable as experimental data, which
satisfy the engine developer requirements. The 3D-CFD calculation method for assessing the flow in
the compressor gives acceptable qualitative and quantitative description with a significant reduction
in cost and time resources compared to experimental studies.

The development of a modern compact bypass engine requires attention to the relative position
of the low and high-pressure compressors, as well as the shape of the flow path of the connective
casing where the air of the primary circuit flows. The various options for the shape of the input path
of HPC were considered in this work: cylindrical, path of a serial engine, path of an experimental
engine. The results of calculations for the considered options shows that the form of the flow path
affects not only loss of total pressure in the connective casing itself, but also HPC maps nature.

To find the shape of flow path which allows the minimal total pressure loss and does not affect
the compressor map dramatically the calculation model was created(fig.2). The shape of the flow path
is described by the spline. The variables in the optimization problem were the radii of the control
points along the length of the channel, which form the spline. The optimization criteria are the total
pressure losses in the connective casing and the compressor efficiency at the specified points of the
characteristic. A number of gas-dynamic parameters of the compressor were limited.
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Fig. 2 — Computational model for finding the optimal shape of the HPT inlet

As a result of the study, the geometric shape of the flow path was found, which ensured a
decrease in total pressure losses compared to the prototype and a minimal change in the HPC map

(Fig. 3).
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Fig. 3 — The result of solving the optimization problem. The flow part of HPC with the basic
and optimal shape of the inlet




