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MOJEJIOBAHHS TEYIi B HAJI3BYKOBII KOMITPECOPHIM PEIIITIII

Tpoexmysanns cyuacHux asiayitinux 0BUSYHIE HEMOICIUBO NPeOCmasumu 6e3 Memooié 4UceIbHO20 MOOerI0-
sanns. Ilepesacu uucenbHo2o MOOENOBAHHS HA NEPUUUX eMANAX CIMBOPEHHs 08USYHIE 0YEBUOHI: MOICIUBICTD
3a 00CUMb KOPOMKULL NPOMINCOK Uacy 00CAioumu pizni 2eomempudni Mooeni, npu ybomy moOyHIiCIb PO3PAXY H-
Kig cseac 5...15%. Hesid eMHOW0 CKAA0060I0 YUCENbHO20 eKCNEPUMEHMY € NPOBeOeHH sl MeCmosux 3a0ay, 6 pe-
3yabmami SKux HeoOXiOHO 6Us8UMU HeOOXIOHY MONOA02I0 PO3PAXYHKOB0L CIMKU ma Mooeib mypoyieHmHol
6 ’s13kocmi. Memoro 0ano20 00CHIONCEeH ST € NPOBEOCHHsL MeCMOB80T 3a0ayl MOOEMOB8AHHSL MeYll 6 HAO38YKOGIll
Komnpecopuii pewtimyi na ocnogi pomopy STFF 3 memoio eubopy mononozii po3paxynkoeoi cimku ma mooeii
mypoyienmuoi 8 ’s13k0cmi 018 3amukanus cucmemu pisusins Has’e-Cmoxca. B pobomi docnioscysanucy yomu-
pU 8apianmu po3paxyHkoeoi cimku ma yomupu mooeni mypoyrenmuoi 6 ’sisxocmi. [llae po3paxynxy 3a wacom
asmomamuyno 3miHsascs. Maxcumanvruil yac 3a yacom cmarnosus 0,00005...0,001 c. Ilepeo pewimkorw ma
3a Hel 6CMAHOGAEH] KOHMPONbHI MOUKU, 8 AKUX 8i000padicanocs 3navenns yucia Maxa. ITio uac pospaxynky
niobupanocs 3navenns yucia Maxa neped pewimkoio Wisxom 3MiHU 3HAYeH s weuokocmi na 6xo0i. Pospaxy-
HOK NPUnUHABCSL Npu 00CsicHeHHi 3Hauenb uucen Maxa na 6xo0i ma euxodi 3 pewlimKku, a maxoiC Heg sI30K,
CMANUX 3HAYeHb, SIKI He 3MIHIO8AUCS Npu HacmynHux imepayisx. byno nobydosano 4 eapianmu po3paxynxo-
601 cimKu cmpykmypoeanozo muny. /[ns nooanviiux po3paxyukie oopano cimxy Ne3, ockinvku na Hiti 3a6e3ne-
YYEMbCst OOCAMHSL CXOOUMICb 3 Pe3yIbmamamu UNPOOY8alb, d MAKONC B0HA MAE MEHWUL PO3MID, WO 00-
360JI€ NPUCKOPUMU PO3PAXYHOK. J]ani 6UKOHAHI PO3PAXYHKU OISl PI3HUX Munie mooeiell mypoOyi1eHmHOCII.
Bynu posensinymi mooeni mypoyrenmuocmi SST, SST GTT, k-w ma RNG k-¢. [{ns ecix mooeneti mypbyrenmuo-
CMi BUCOMA NPUMENCOB020 Wapy 0Opana euxoosuu i3 ymosu Y+ < 1. Ananiz pezyromamie po3paxyHky noxka-
3Y€, WO HAUMEHWY NOXUOKY OMPUMAaHo npu pospaxyuxax 3 modenmo mypoyienmuocmi SST GTT. B po6omi
npeocmasneHo NOpPieHsIHHsL PO3NOOILY 2YCMUHU 6 NONEPEYHOMY Nepemuni pewimky 3 uliiper omozpagicio,
OMpUManoi 3 HAMypHo2o excnepumenmy. AKICHULl aHaiz omMpUManux pe3yibmamie NoKa3ye, o KapmuHu
obmixanns xomnpecoproi pewimku Ha ochosi STFF marome nodionuil xapakmep, 30Kpema 8 Midclonamko8o-
MY Kanaui ma KpoMKogux ciioig 3a pewtimkoro. Taxum uunom, 0ist ROOAILUUX O0CIONCEHb OJist OOCHIONCEHHS

meyii' y eHmuasimopi o6pano mononozito pospaxynkoeoi cimku Mesh3 ma modenv mypbyrenmuoi 8 sizkocmi
SST GTT.

Knrwowuosi cnosa: mecmosa 3a0aua; Hao36yK08a KOMIPECOPHA PEULIMKA, YUCEIbHUL eKCREPUMEHM;, CIPYKINY-
POBaHA PO3PAXYHKO8A CIMKaA, wilipen gpomoepagis;, modens mypoOyneHmuoi 6 a3K0Chii.

TOBOI 3a/iaui MOJIENIIOBaHHS Tedii B HA/J3BYKOBIil KOMII-
pecopniii pemitii Ha ocHOBi poropy STFF 3 meroro

Beryn

[IpoexTyBaHHsS Cy4acHHX aBiallliHUX JBHUTYHIB
HEMOXXJIMBO TPEACTAaBUTH 0€3 METOAIB YHCEIbHOrOo
MozenmoBaHHA. [lepeBaru 4ucensHOro MOJISIIOBAHHS Ha
MIEpIINX eTanax CTBOPEHHS [BUTYHIB OYEBHIHI: MOX-
JUBICTP 32 TOCUTH KOPOTKHUH MPOMIXKOK Yacy JOCTIIUTH
Ppi3HI TeOMETPUYHI MOZETi, PU [BOMY TOYHICTH po3pa-
XyHKIB csrae 5...15 %.

OcHOBHU Teopii OOYUCTIOBATHHOTO EKCIIEPHUMEHTY
BHUKIIJIEHO y pobortax [1-4]. MarematndHe Mozemro-
BaHHS Ta OOYHCIIIOBAJIHHUH EKCIIEPUMEHT JI03BOJISIOTH
BHPIMINTH 3aBIAHHS TICHOTO KOOPAMHYBAHHS Ta 3B'SI3KY
TEOPETUYHHX Ta eKCHePUMEHTAIBEHHUX JOCIIIKEHb.

HeBin’eMHOIO CKIIAJIOBOIO YHCENBHOTO EKCIepH-
MEHTY € MpPOBEICHHS TECTOBHX 3a/1ad, B pe3yJbTaTi
SIKIX HEOOXITHO BUSIBUTH HEOOXITHY TOIIOJIOTIIO po3pa-
XYHKOBOI CITKH Ta MOZAETH TypOyIEHTHOI B’ SI3KOCTI.

MeTor0 JaHOTO JOCHTIDKEHHS € HPOBEICHHS Tec-

BHOOpPY TOMOJIOrii PO3paxyHKOBOI CITKM Ta MOJENi Typ-
OyJEeHTHOI B’SI3KOCTi AJIsl 3aMUKAHHS CHCTEMH PiBHSHD
Hag’e-Crokca.

1. [locTanoBKa 3aaa4i JOCTIKEHHA

B poboti mochimKkyBanichk YOTHPHU BapiaHTH PO3-
PaXxyHKOBOI CITKM Ta YOTHPH MoJeNi TypOyIeHTHOI
B’si3KoCTi. PiBHAHHS Momeneil TypOyneHTHOI B’SI3KOCTI
MpeACTaBIeHO B poboTi [5].

Byno mocnikeHO METOOMKY PO3paxyHKY aepoju-
HAMIYHHAX XapaKTePUCTUK IS KOMIIPECOPHOI PEUTiTKH
Ha ocHOBI potopy STFF. Pesympratn HatypHUX excre-
PHMEHTIB TIpejcTaBiieHi B pobori [6]. 3arampumit BUI
peuIiTKY TIpeICTaBIeHU Ha puc. 1.

OCHOBHI MapaMeTpH peIIiTKA TIPEICTaBICHI B
Tabmumi 1.
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Puc. 1. Cxema nociiJKyBaHOT Pl TKH

Tabmums 1

OcHoBHI TapameTpu penriTku Ha ocHOBI STFF

Haiimenysanunsi napamerpy | 3HayeHHs IapamMeTpy
KinpkicTb Jtonatok 7

Xopna, ¢ 100,3 mm

lar penritku, 30,2 MM

Kyr ataku, 3790

Uucno Maxa moToky nepej 2,36

PELIITKOO,

Bynu BcTaHOBJIEHI HACTYIHI TPAHUYHI YMOBH:

- Ha BXOJl 3aJaBajJHCh LIBHIKICTH, IIOBHA TEMIIE-
parypa Ta iHTeHCHBHICTh TYpOYJIEHTHOCTI;

- i Buxoxy oopano tun Outlet 3 3a1aBaHHsIM ce-
pPEeIHBOro 3HA4YEHHS IO IUIONI TOBEPXHI CTATHYHOTO
THUCKY;

- U151 IBOX TUIOUIMH, SIKI OOMEXKYIOTh PO3PaxyHKO-
BY 00J1aCTh B3JIOBXK BicCi Z Oyna oOpaHa yMOBa CUMETPIi.

Burnsig po3paxyHkoBoi 00acTi TpeCTaBIeHO Ha
puc. 2.
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Puc. 2. 3aranpHuii BUMIISL PO3paxyHKOBOT 001acTi
peuritku Ha ocHoBI STFF

Ilar po3paxyHKy 3a 4acoM aBTOMATHYHO 3MiHIO-
BaBCcad. MakcUManpHMIA 4Yac 32 4YacOM CTaHOBHB
0,00005...0,001 c. Ilepen penriTkoro Ta 3a HEIO BCTAHO-
BJIEHI KOHTPOJIBHI TOYKH, B SIKMX BiZOOpa)kajocst 3Ha-
4yeHHs yrciaa Maxa. Ilig yac po3paxyHKy migoupanocs
3HA4YEHHS yrcina Maxa nepes pemiTKOK MIISIXOM 3MiHH
3HAYEHHS [IBUIKOCTI Ha BXOAi. Po3paxyHOK mpumuHs;B-
cs TIpU JOCSATHEHHI 3HaueHb 4rcen Maxa Ha BXOHi Ta

BHXOJll 3 PEIIITKH, & TAKOX HEB’S30K, CTAJIHNX 3HAYCHb,
SIKI HE 3MIHIOBAJICS TIPY HACTYITHUX iTEparisx.

Bymno mobOymoBano 4 BapiaHTH pPO3PaxXyHKOBOL
CITKM CTPYKTYpOBaHOro THIy. Bumm citok Ta ix
PO3MipHICTh 300pakeHO Ha puc. 3.

B

Puc. 3. ®parmMeHTH pi3HUX THIIB PO3PaXYHKOBOI CITKH:
a - Meshl — 477 376 By3nis;
6 - Mesh2 — 446 496 Bysuis;
B - Mesh3 — 840 576 Byz3iB;
r - Mesh4—1 461 696 By3niB

2. PesyabTaTH 10CTaiIKeHHS

Pe3ynbraTi po3paxyHKIiB JJIsl KOXKHOI CITKH 30-
OpaxkeHo Ha puc. 4. Pe3ynbraTu npezcraBieHi y BUTIIS-
Il rpadika, Ha SKOMY IO Bici aOCIUC BIAKIAIEHO KOOP-
JIMHATY X JIONATKH y BIJICOTKY BiJl XOpAH, MO Bici opju-
HAT - BIJIHOIICHHS] CTATUYHOIO TUCKY B TOYIII HA TTOBEP-
XHi JIOMATKH JI0 IIOBHOT'O THCKY TIEPe]| PEIIITKOIO.

Sk BuaHO 3 Tpadiky pe3ynbTaTu 00UUCICHDb HA Ci-
TKax Ne3 Ta Ne4 kpame criBHazaloTh 3 pe3yabTaTaMH
HATYPHHUX EKCIIEPUMEHTIB [6], Ta Maibke CHiBNAIAIOTh
OfIHA 3 OJJHOIO.

Jns mopansInnx po3paxyHKiB oOpaHO ciTky Ne3,
OCKIJIbKH Ha Hill 3a0e3MeuyeThbCsl TOCTATHSI CXOAUMICTh
3 pe3ylbTaTaMd BHIPOOyBaHb, a TAKO)X BOHA Ma€ MCH-
[IKI PO3MIp, IO O3BOJISIE NPUCKOPUTH PO3PAXYHOK.

Jani BUKOHaHI po3paxyHKH AJIsl PI3HUX THIIB MO-
neneld TypOyneHtHocTi. bynu po3rmsHyTi Momeni Typ-
oynentrocti SST, SST GTT, k- ta RNG k-¢. J{nst BCix
Mojeneld TypOyJIEHTHOCTI BHCOTa MPUMEXOBOIO IIapy
obpana Buxozsuy i3 ymoBu Y+ < 1. Pe3ymbratu pospa-
XYHKIB ITpEACTaBIIeHI Ha PHC. 5.
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Puc. 4. PesynbraTi po3paxyHkiB perritku Ha ocHoBl STFF jy1st pi3HUX BapiaHTiB CITKH
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Puc. 5. Pesynprati po3paxyHkiB pewitku Ha ocHOBI STFF mist pisHuX Monenelt TypOyJleHTHOCTi

AHaniz pe3ynbTaTiB PO3pPaxyHKY I[OKa3ye, MI0
HallMEHIy TOXHOKY OTPHMAaHO IIpU pPO3paxyHKax 3
Mmozemmo TypoymentHocti SST GTT.

Ha puc. 6 mpezcraBieHO MOPIBHSIHHS PO3MOILTY
TYCTUHU B TIONEPEYHOMY MEPETHHI PEUITKU 3 HUTIpeH
¢dororpadiero, oTpruMaHOI 3 HATYPHOTO EKCIIEPUMEH-
Ty [6].

SIKicHMIA aHai3 OTPUMAHUX PE3YyJIbTaTiB IOKA3YE,
0 KapTHHU OOTIKaHHS KOMIIPECOPHOI PpeIIiTKH Ha
ocHoBi STFF matote momiOHMIT Xapakrep, 30Kpema B
MDXKJIOIATKOBOMY KaHaJl Ta KPOMKOBHUX CIIJIB 3a Peli-
TKOIO.

TakuM 9MHOM, [UIS MOJATIBLINX TOCITIIDKEHB IS
JIOCITI/PKEHHSI Tedil Yy BEHTUIISITOPHOMY KOHTYpI 00OpaHo
TOIOJIOTIF0 PO3paxyHKoBoi ciTku Mesh3 Ta mozens
TypOynenTHoi B’ s3kocti SST GTT.

BucunoBxu

B poOorti mpencraBieHO TECTOBY 3a/ady MOJEIIO-
BaHHs Tedil B HAaA3BYKOBIH KOMIPECOPHIA pEIIiTmi Ha
ocHoBi poropy STFF 3 metoro BubGopy Tomororii po3pa-
XYHKOBOI CITKH Ta Mozeli TypOyneHTHOI B’S3KOCTi IS
3aMUKaHHA cucTeMH piBHAHb Has’e-Crokca.
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Puc. 6. ITopiBHSIHHS pO3MOALTY T'YCTHHHU B pelniTii 31 nutipeH gororpadieto 3 eKCriepiuMeHTY:
a — (pparMeHT MoJisi 'YCTUHHU 3 YUCEIBHOI'0 eKCIIEpUMEHTY; O — 1utipeH ¢ororpadis 3 GpisHIHOro eKCrepuMeHTy

Jnst mojanmbUnX JOCTIDKEHb Ul JTOCHI[DKEHHS
Tedii y BEHTWIATOPHOMY KOHTYpi OOpaHO TOIOJIOTii0
po3paxyHKoBoOi ciTku Mesh3, sika mae 840 576 By3miB Ta
Mojeib TypOynenTHoi B’sizkocti SST GTT.
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SIMULATION OF A FLOW IN A SUPERSONIC COMPRESSOR CASCADE
Roman Maiboroda

The design of modern aircraft engines cannot be imagined without numerical simulation methods. The ad-
vantages of numerical simulation at the first stages of creating engines are obvious: the ability to explore different
geometric models in a fairly short time, while the accuracy of calculations reaches 5 ... 15%. An integral part of the
numerical experiment is conducting test problems, because of which it is necessary to identify the necessary topolo-
gy of the computational grid and the turbulent viscosity model. The current study conducts a test problem of flow
simulation in a supersonic compressor cascade-based on the STFF rotor to select the topology of the computational
grid and the turbulent viscosity model for closing the system of Navier-Stokes equations. In this work, four variants
of the computational grid and four models of turbulent viscosity were studied. The time step was automatically
changed. The maximum time over time was 0.00005...0.001 s. Control points were set in front of the grating and
behind it, where the value of the Mach number was displayed. When calculating, the value of the Mach number in
front of the grating was selected by changing the value of the velocity at the input. The calculation was terminated
when the values of the Mach numbers at the input and output of the cascade were reached, as well as constant values
of the residuals, which did not change during subsequent iterations. 4 variants of the structured type computational
grid were built. Grid No. 3 was chosen for further calculations since it provides sufficient similarity with the test
results, and it also has a smaller size, which makes it possible to speed up the calculation. Next, calculations are
performed for different types of turbulence models. The turbulence models SST, SST GTT, k-w and RNG k-¢ were
considered. For all turbulence models, the boundary layer height was chosen based on the condition Y+ < 1. An
analysis of the calculation results showed that the smallest error was obtained in calculations with the SST GTT
turbulence model. This paper presents a comparison of the density distribution in the cross-section of the cascade
with a schlieren photograph obtained from a field experiment. A qualitative analysis of the obtained results shows
that the flow patterns around the STFF-based compressor grate are of a similar nature, in particular, in the interblade
channel and edge wakes behind the cascade. Thus, for further research to study the flow in the fan, the topology of
the Mesh3 computational grid and the turbulent viscosity model SST GTT were chosen.

Keywords: test problem; supersonic compressor cascade; numerical experiment; structured grid; schlieren
photography; turbulent viscosity model.
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