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AHAJII3 BIVIMBY KPUBU3HU S-ITIOAIBHOI'O KAHAJIY
TA YMOB I1OJIbBOTY HA EOEKTUBHICTb
KOBILIOBOI'O BXI/IHOT'O TPUCTPOIO

IIpu cmeopenni cyuacHux n1imanvHux anapamie 6UKOPUCIMOBYEMbC NPUHYUN ONMUMANbHOT inmezpayii cuno-
601 YCMAaHOBKU ma JIMAiIbHO20 anapamy OJisi 3a0e3neHeHHsi MAaKCUMYMy Yiibosoi QYHKYIL, Wo GUHAYAEMbCSL
1020 ghynxyionanvHum npusnavennam. Illumoma eumpama nanuea i NUMOMAa ma2a CUNOBOT YCINAHOBKU CYmMMme-
60 3anexcumy 6i0 6mMpam nO6HO20 MUCKY NOGIMPsL Y 6XIOHOMY NPUCIPOT, WO XAPAKMEPUIVEMbCA KoeiyicH-
MOM IOHOGNEHHs NO8HO20. IMIHA MUCKY 830064 diamempa 26UHMOBEHMUIAMOPA BNIUBAE HA eheKMUBHICMY
6XI0H020 NpUcmMpoIo cunogoi ycmanoexku. Ilpu 3acmocysanti Kinbyego2o 6xioH020 NPUCMPOIO 11020 eQeKmug-
HICMb 3HUJICYEMbCS HUSLKUM MUCKOM 6 30Hi KOPEeHegoi 4acmunu 10nomie 26unmogenmuiamopa. Buxopuc-
MAHHA KOBUOB020 8XIOHO20 NPUCMPOIO 00380A€ NOOABAMU NOBIMPS 8 KAHAN 13 30HU, WO PO3MAuiosana Ol
cepeoHboi yacmumu eucomu onami i ye € OCHOBHUM PaKMOPoM, WO 6NIUBAE HA 3MEHUIEHHS 6MPAMU MUCKY
6 Kauaui niogeoenHs nosimps. Ipu suKopuUCmanHi Ko8u068020 6XiOHO20 NPUCTPOIO BANCTUBUM PAKINOPOM, O
BNIUBAE HA ePEeKMUBHICIb S-NOJIOHUX KAHANIE € KPUBUSHU Ma 38VaiceHHs. B pobomi docridoceno eniue kpu-
6uzHu S-no0iOH020 Kanany HA Koeiyicnm 6IOHOGIEHHS NOBHO20 MUCKY NPU NOCMIUHOMY 3HAYEHHI 1020 38)-
JHceHHA. S-NodiOHUIl KaHa, wjo 00CAIOHCYEMBCA, 3a CEOIMU 2eOMEMPUYHUMU NAPAMEMPAMU € eK8IBATeHMHUM
KaHany Kiibyeso2o 0CecuMempuiyHoz0 8XiOH020 NPUCTHPOIO CU0B0T YCMAHOBKU 3 MYPOOBUHINOSEHMUTANOD-
Hum 0sueyHom. Koegiyienm 6ionoenentsa nogHo2o mucky S-no0ibHo2o KaHaiy po3paxosyemvcs 3a napamempu
meuii 6 nepepizax S-nodibHo20 Kanary wasxom piwienns pisnans Hae’e-Cmokca 3 BUKOpUCIAHHAM 080UAPO-
601 mooeni mypoyrenmnocmi @aopiana Menmepa (Florian Menter) SST Transitional Ne4 Gamma Theta) ma
KOMOIHO8AHOI KIHYe80 — eleMeHmMHOI CImKU — Ha 6X00i 00 KAHALY [ 8 CAMOMY KAHAIL - 2eKcaedpaiuna, Ha 6u-
X00i mempaedpaiuna. Ananiz 3anezicnocmel KoeQiyicHmy iOHO6IEHHSI NOBHO20 MUCKY S-n00i6H020 KaHAy
610 yucna M i kpususnu xanany noxasye, wjo 0o kpususnu 0,002 na xoegiyicum 6iOHO6NIEHHSI NOBHO20 MUCKY,
snaugaiomy He cymmeso. Ilodanvute 30i1buleHHa KpUGU3HU KAHATY Oinbl 3HAYHO 6NAUBAE HA 3MIHY Koepiyie-
HIY 8IOHOGIEHHA NOBHO20 MUCKY, WO N0 A3aHe 3 8I0PUBOM NOMOKY | 6Mpamamiu 6i0 6UXPOYMBOPEHHSL.

Knwwuosi crosa: cunosa ycmanoska; mypbo26UHmMoSEeHMUISAMOPHULL 08USYH;, KOBULOBULL GXIOHULL NpUcmpii;
S-no0ibHuLl KaHar, KPUBUSHA KAHANY; 38VHCEHHA KAHATY, KoeiyieHm 6I0HO6IEHHA NOBHO20 TUCKY; MATHeMA-
MuuHe MOOeTOBAHHSL.

IIpu 3acrocyBaHHI KOBIIOBOTO BXIJHOTO MpH-
CTPOIO TIOBITPS TIOIAETHCS B KaHAJ i3 30HHM, IO PO3Ta-

Beryn

CTBOpEHHs Cy4YacHHMX JITaJbHUX amapaTiB 0a3y-
€THCSA Ha MPUHIMIIAX ONTHUMAJBFHOI iHTErparii CHIoBOi
YCTaHOBKH Ta JITAIBHOIO amapaty, o 3abe3medye Ma-
KCUMYM MiJbOBOT (YHKIIIT, 10 BU3HAYAETHCS HOTO (Y-
HKI[IOHAJIFHUM TIpU3HaYeHHIM [ 1].

Bimomo, mo nuroMa BUTpaTa MaivBa i MATOMA Ts-
ra aBialiifHOro ra3oTypOIHHOTO NBUTYHA 3aJECXKHUTH, Y
TOMY YHCII, BiJl BTPAaT MOBHOI'O THCKY HOBITPS Y BXiA-
HoMy TipucTpoi [2]. THCK y 30HI 32 TBUHTOBEHTHIISTO-
POM TypOOTBHHTOBEHTHJIATOPHOT'O ABHUTYHA 3MIiHIOETH-
cs B3JIOBXK Horo miamerpa. [Ipupgomy 6inst ocHOBH Joma-
Ti TBUHTOBEHTWIIATOPA Yepe3 OOYpeHHs, IO BHOCATHCS
KOpPEHEBOIO YaCTUHOIO JIONATI, THCK HAaIMEHIIHH 1 MOXKe
TIPU3BOAMTH 10 BiAPMBY MOTOKY TepeN KiJIbI[EBUM BXi-
JHUM TIPHCTPOEM.

II0BaHa OiJisl cepeiHbOl YaCTHTH BHCOTH JIOMATI 1 LiE €
OCHOBHUM (DaKTOpOM, IO BIUIMBAE Ha 3MEHILECHHS
BTPATH THCKY MOBITPS B KaHAJI ITiABEICHHS MOBITPSL.

3HIDKEHHS BTPAT MTOBHOTO THUCKY Y BXiAHOMY IpH-
CTpoi Imepe] KOMIPECOPOM € OAHHMM i3 aKTyaJbHHX 3a-
BIaHb, TOMY 1110 3pOCTaHHS BTPAT Y BXiIHOMY IIPUCTPOI
MIPU3BOANTE 10 30UTBIIEHHS MUTOMOI BUTPATH IAJIHBa, a
HEpIBHOMIPHICTh TIOTOKY Ha BXOJl B ABHUTYH € TPHYU-
HOIO HECTiHKOI podoTn KoMIipecopa asiamiitaoro ['T/1.

VY pobori [3] mocmimkeHi KiNbIEBi Ta KOBIIOBI
BXiZHI TIPUCTPOI CHJIIOBHX YCTaHOBOK C TYpOOTBHHTO-
BUMU JIBUTYHaMU. [lokazaHo, mo HaOLIbIIIiA Koediri-
€HT BiJIHOBJICHHS TTOBHOTO THUCKY 3a0€3IeUyrOTh BXiJIHI
MPUCTPOi 3 OAWHAPHHM KiBIIIEM 1 BiTBOJIOM IIPHMEXKO-
BOTO IIapy Tepe BXOAOM.
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VY pobori [4] HaBeneHi pe3yabTaTH MaTeMaTH4HO-
rO MOJENIOBaHHA roHmonu Jyitaka L-410 3 TypGorBuH-
toBuM nBUTYHOM Walter M-601E myist ominkm xapakre-
PHUCTHK BXIJIHOTO TNIPHUCTPOIO. Pe3ympTatm mmx mocii-
JDKEHb CIIPSIMOBaHI Ha TiJIBHIIEHHS €(QEKTHBHOCTI Ta
3MEHILIEHHS BTPAT Y TOHIOJII IBUTYHA.

Y pobori [S] mpoBeneHO AOCIiPKEHHS S-TToTi0HIX
KaHaJliB. Pe3ynbTaTi MoKa3yroTh, 010 00JacTh HU3BKOTO
ITOBHOT'O THCKY Y BHXIi/IHIH TUTONWHI, OOYMOBJICHA BUTI-
CHEHHSIM IIPHMEXOBOI0 IIapy JBOMa BHXOpaMH, IO
MIPOTHIIEKHO 00EPTAIOTHCS, B KaHATI.

Y poboti [6] HaBeneHI AOCTIIKEHHS IIOI0 MOXK-
JIUBOCTEH CYyYaCHHMX OOYMCITIOBAIILHUX METOMIB IS
MOJICTFOBaHHSI CKJIQJIHMX TeYiil Ta BUBYEHHS HECTAIlio-
HapHUX XapaKkTepPUCTUK TMepediry Juis HH3KH — S-
MOJIOHUX BXiMHHUX MPUCTPOiB. [loka3aHo, 110 XapakTe-
pHI 00nacTi HecTIMKOCTI B KaHaji MOB'S3aHi 3 KIachu4-
HUMHU BTOPUHHUMU TEUisIMU.

Y poboti [7] mpoBeaeHO MaTeMaTHUHE MOICIIO-
BaHHS THUIIOBOI'O S-MOAIOHOTO BXIJHOTO IMPHUCTPOIO 3
METOI0 OmnTHUMi3alii #oro (GopMH 3a JOMOMOIOK ajiro-
pHUTMY eBpUCTHYHOI onTiMi3artii Tabu Search.

BaxjMBUM HanpsMOM TONANIBIIMX JOCHTIKEHb
S-noziOHUX KaHaJIiB € BU3HAUCHHS BIUIUBY HOTO KPHUBU-
3HU Ha KOE(ILi€HT BiHOBJICHHS NOBHOTO THCKY.

Came TOMy METOI0 POOOTH € OTPUMAHHSI 3aJIEKHO-
credl  koedilieHTa BIIHOBJIIGHHS IOBHOTO  THUCKY
S-1mo1ibHOro KaHaty BXiJHOIO MPUCTPOO Bijl HOro Kpu-
BU3HU IIPU PI3HUX BHCOTAaX 1 HIBUAKOCTSIX 0€3 ypaxy-
BaHHS BIUIUBY I'BUHTOBEHTHIIATOPA.

IlocTanoBka 3axaui
JOCTiMKEeHHS

OO0’€KTOM JIOCIIDKEHHA € S-IomiOHMi  KaHal,
110 32 CBOIMH IF€OMETPUYHHUMH IapaMeTpaMu eKBiBaie-
HTHUH KIJBLIEBOMY BXIJHOMY TPHCTPOIO  CHJIOBOI
YCTAaHOBKM 3 TYpOOIBHHTOBEHTWISTOPHUM  ABHUTY-
HoMm [8] (puc. 1).

[Mapamerpu Teuii B nepepizax S-MoaiOHOr0 KaHATY
BH3HAYANUCA IUIIXOM pimieHHs piBHAHb Hap’e-CTokca
3 BUKOPHCTAHHSIM JIBOIIAPOBOI MOJei TypOyIeHTHOCTI
dropiana Menrepa (Florian Menter) SST Transitional
Ne4 Gamma Theta). Bukopucrana koMOiHOBaHa KiHIle-
BO-€JIEMEHTHA CITKa — Ha BXO[I J0 KaHally 1 B CaMOMY
KaHaJl — rexcaefpaiyda, Ha BUXOJl TeTpaeapaidHa, 3a-
rajibHa KUIbKICT eneMeHTiB — 811794,

Kpusuzna S-momionoro kanany K Bu3HauaeThCs
SIK BETMYIMHA 3BOPOTHA Paliycy KpUBU3HH KaHamy R:

1
K==. Q)
R
KoedimieHT  BiZHOBIEHHS  TOBHOTO  THUCKY

S-1mo/1i0HOro KaHany G € BiJHOIICHHSM MOBHOT'O TUCKY

.. . *
Yy O€pepi31 HAa BUXOA1 3 KaHAITy — p2 J10 IOBHOI'O TUCKY

. *
Ha BXOA1 10 KaHaTy — pl .

o=z, @
P1

IO PO3PaxOBYBABCS I KOXKHOI T€OMETPHYHOI MOJIEITI
31 3MiHOIO KpuBU3HU B miamaszoni 0,001...0,003 Ta guc-
na M=0,3...0,7 na Bucotri H=3976 M npu nocriitnomy
3HAYCHHI 3BY)KCHHS F= 0,6, 110 BU3HAYEHO BiAMOBIIHO
JI0 peKoMeHpartii [3].

Puc. 1. O0'ekT gocimimKeHHs

3ByxeHHs1 S-mojiOHoro kanamy F BuzHauanmocs
BIJJHOLICHHSIM IUIOIII Mepepi3y Ha BXOMl A0 KaHamy — F;
JIO TJIOILI TIepepi3y Ha Buxoai — Fo:

— F1
F=—=. 3
A, 3)
Pe3yabTaTtn

Ha puc. 2 HaBeneHO 3aneKHOCTI KOe]ilieHTy Bij-
HOBJICHHSI TTOBHOT'O THUCKY BiJl uncia M mpu 3MiHI Kpu-
BU3HH S-TI0IIOHOr0 KaHany st Bucotu H=3976 M, npu
nocTiitHOMY 3HaueHHi 3ByxeHHs F=0,6.

Amnani3z 3anexHoctedl Koe(illieHTY BIiIHOBICHHS
MOBHOTO THCKY BiJ uucia M mpH 3MiHI KPUBU3HH S-
MOIOHOTO KaHaly TOKa3ye, Mo 3MiHa uncina M i kpu-
BU3HM KaHaJy HE CYTTEBO BIUIMBAIOTh Ha KOE(Dilli€HT
BiJTHOBJIEHHS MOBHOTrO THUCKY 10 kpuBm3am 0,002. Ilo-
JTanbIe 30UThIICHHS KPUBU3HM OUITBIN 3HAYHO BILUIMBAE
Ha 3MiHy KOE(QIIieHTy BiTHOBJICHHS IOBHOTO THCKY
KaHaJy, 0 TOB’s3aHe 3 BiIPUBOM TOTOKY i BTpaTaMu
BiJl BUXPOYTBOPCHHSL.
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Puc. 2. 3anexxHocTi KoedilieHTY BiJHOBIICHHS TIOBHOTO
THCKY BiJ] yicna M npu 3MiHI KpUBU3HH
S-noaibHOro KaHay

BucHoBxku

Pe3ynbTaTi JOCHIKEHb MalOTh TEOPETUYHE 1
NpaKTHYHE 3HAYSHHS U OOTPYHTYBaHHS palliOHaIbHO-
r0 3Ha4YEeHHsI KPUBH3HU S-1OJI0HOr0 KaHaIy KOBILIOBO-
T'0 BXiJHOTO MPHUCTPOIO.

HanpsmMoM mnopanbpIiMX TOCHIKEHb € Po3poOKa
METOJMKH 1 MOJEN JOCHi/KEHHsS pallioHAIBHOro S-
MoAiIGHOr0 KaHaly KOBIIOBOTO BXIJHOTO IMPHCTPOIO
CIIUIBHO 3 TBUHTOBEHTHIIATOPOM CHIIOBOI YCTaHOBKH.
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ANALYSIS OF THE INFLUENCE OF THE CURVATURE,
CONSTRICTION OF S-CHAPED CHANNEL AND FLIGHT CONDITIONS
ON THE EFFICIENCY OF THE BUCKET INLET DEVICE

Oleg Zhornik, Ihor Kravchenko, Mykhailo Mitrakhovich,
Ekaterina Balalaieva

When creating a modern aircraft, the principle of optimal integration of the power plant and the aircraft is used
to ensure the maximum target function, determined by its functional purpose. The specific fuel consumption and
specific thrust of the power plant depend significantly on the loss of the total air pressure in the inlet device, which
is characterized by the total recovery factor. The change in pressure along the diameter of the propfan affects the
efficiency of the inlet of the power plant. When using the inlet ring device, its efficiency decreases, due to low pres-
sure in the area of the root part of the propfan blades. The use of a bucket inlet allows air to be supplied to the chan-
nel from the area located near the middle part of the blade height and this is the main factor influencing the reduc-
tion of pressure losses in the air supply channel. When using a bucket inlet, curvature and constriction are important
factors influencing the effectiveness of S-channels. The influence of the curvature of the S-shaped channel on the
total pressure recovery coefficient at a constant value of its narrowing is studied in this work. The study S-shaped
channel in its geometric parameters is equivalent to the channel of the annular inlet device of a power plant with a
turbofan engine. The total pressure recovery coefficient of an S-shaped channel is calculated from the flow parame-
ters in the sections of the S-shaped channel by solving the Navier-Stokes equations using the Florian Menter two-
layer turbulence model (SST Transitional No. 4 Gamma Theta) and the combined finite element model at the en-
trance to the channel and in the channel itself - hexahedral, at the exit tetrahedral. An analysis of the dependence of
the total pressure recovery coefficient of the S-shaped channel on the M number and the channel curvature shows
that, up to a curvature of 0.002, the total pressure recovery coefficient is not significantly affected. A further in-
crease in the channel curvature has a significant effect on the change in the total pressure recovery coefficient,
which is associated with flow separation and losses from the vortex formation.

Keywords: power plant; turboprop engine; bucket inlet device; S-shaped channel; channel curvature; channel
constriction; full pressure recovery factor; mathematical modeling.
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