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BAJIJALIA i BEPU®IKALIS MOJEJI TYPBYJIEHTHOCTI TA TOIOJIOTTi
PO3PAXYHKOBOI CITKM ITIPM MOJEJIOBAHHI TEYT{
B IBOPSITHIN KOMIIPECOPHII PEIIITI]I

IIpeomemom odocnidrcenun € oOIPYHMYSaHHA MOOeNi mypOyIeHMHOCMI ma MONoA02ii PO3PAXYHKOBOI CimKu
npu MOOem08arHi meyii 6 080PsOHIN KOMNpecopHil peutimyi. Q0’eKmMom 00CHIOHCeHHA € 080PSIOHA KOMNPECO-
pHa peutimka. Memoro podomu € sepugixayiss ma eanioayisi Mooeni mypoyieHmHoCmi ma monoJozii po3paxy-
HKOBOI CIMKU NPU MOOEMOSAHHI 0OMIKAHHS 080PIOHOI KOMNPecopHOL pewimku. J{si 00CseHEeHHS NOCMABIeHol
Memu 8UPIUEHO HACMYNHI 3a0adi: n0OY008aHO MPUGUMIPHY MOOeb pOO0H020 cepedosunya OJist MOOEIIOBAHHS
0OMIKAHHS 08OPAOHUX KOMAPECOPHUX TONAMOK, NPOBEOCHO MOOENIO8AHH 0OMIKAHHSA 080PIOHUX KOMIPECop-
HUX JIONAmoK Oist Homupwbox mooenetl mypoyrenmnoi 6 sisxocmi SST, SST Gamma-Theta, LRR, k-w,; nposedeno
MOOent06anHs OOMIKAHHA OBOPSOHUX KOMIPECOPHUX TONAMOK OJil MpPbOX WONOAO02IN PO3PAXYHKOBOT CIMKU,;
NPOBEOEHO OYIHKY OMPUMAHUX Pe3yTbMamie WsXom NOPIGHAHHS Pe3yIbmamie 4ucio8020 ma QisuiHozo exc-
nepumenmy. [[ist nposeden s Yuci08020 eKCHepuUMennty 3 Mooemoeanis meyii nooyoosano 3D moodens cmendy,
Ha AKOMY PO3MIWEHO 5 1onamok neputozo psidy ma 13 nonamok opyzo2eo paody. s nobyoosu po3paxynkosor
CImMKU HABKOIO 2NA0KUX AePOOUHAMIYHUX NPOPinie nobY008aHo cmMpyKnypo8any Cimky i3 3acmocy8aHHIM MaK
3eanux O-grid b6noxis. /s npogedentst 0ocaiodcenb no6y008aHo mpu 8apianmu po3paxyHKoeoi cimku: pospa-
xyukoea cimka 1 - 138340, cimxa 2 - 224546 ma cimka 3 - 270633 enemenmis. Y pobomi npomecmosano 4
mooeni mypoyrenmuocmi - SST, SST Gamma-Theta, LRR, k-w. Pesyremamu: Ompumani pesyromamu po3pa-
XyHKig 003801s10mb cmeepoicysamu, wo Ansys CEX modemnoe 3 00cmamuboio mouHicmio 2a300UHamiyHi npo-
yecu, wo nPomikaoms y KOMnpecopi 3 086opsionumu ronamxamu. Mooeno mypoynenmuocmi SST oae naiibinouty
30I21CHICMb pe3yIbmamie Mooenosanis 3 peyibmamamu pospaxyuxie. Cimxa Ne3, wo eionogioac 50 po3paxy-
HKOBUM KOMIPKAM Y¥300824C XOpOU TONAMKYU, 0A€E HAUOLIbULY 30IdCHICIb NPU USHAYEHHT 8Mpam mucKy 8 peui-
myi. Omoice, 015t NOOATLUUX OOCTIONCEHb 0OUpacmvcsi Modens mypoyrenmuocmi SST ma pozmipuicmo cimku 3
He Menwt Hidic 50 po3paxynkoeumu KoMipkamu 63006sic xopou. Haykoea nosusna ma npakmuuna 3uauumicms
NPOBEOEHUX 00CIIONCEHb NOSI2AE 8 TMOMY, W0 OMPUMAHO 0aHi Wo0o Gepudbikayii ma eanioayii modeni mypoy-
JIleHmHOCmi ma MONOA02IT PO3PAXYHKOGOT CIMKU NPU MOOETO8AHH] 0OMIKAHHSL 080PSIOHOI KOMIPECOPHOT pei-
mKU.

Knrouosi cnosa: uucnosuii excnepumeHnm; mooenb mypoyieHmHoCmi; pO3PAxXyHKo8d CimKa; 080pAOHA TONAMKA,
KOMNPeCcopHa pewimKka; MOOeTI08aHHA meyii; Mamemamuine MoOemo8aHHs.

BHKOPUCTOBYETHCSI TINBKH IS i ATBEPKSHHST OTPUMa-
HUX pe3yJIbTATIB.
IIpoBeneHHs YHCIOBOTO EKCIICPUMEHTY BKIIIOYAE

Beryn

OCHOBHHUMY METONAMH JOCIIDKEHHS Tedil B JIomna-

TKOBHX BIHIISIX KOMIIPECOPIB 1 TypOiH € aHATI THYHHUNA PO-
3paxyHOK, YHCIIOBUH Ta Qi3uyHuil ekcriepuMeHTt. Buxo-
JST9U 13 MOXIIMBOCTEH, BCIX HEIONIKIB Ta IMepeBar mux
METOIB, IPH BUBYEHH] XapaKTEPUCTHK JIOIATKOBUX Ma-
IIVH, 1X po3poOIli, ONTHUMi3allii Ta BIOCKOHAICHHI I
TIOTNIEPeqHIX PO3PaXyHKIB BHKOPHUCTOBYIOTH aHAJITHY-
HUH PO3PaXyHOK, AN MPOBOISTHCS AOCTIIKESHHS METO-
JIOM YHCIIOBOT'O KCIIEPUMEHTY, 1 Ha 3aKIIOYHMX eTanax
BHUKOPHUCTOBYETHCS (DI3UUHUIN EKCHEPUMEHT. 3 Orisimy
TOT'0, [0 YUCIIOBUI EKCIIEPUMEHT J]a€ MOXKITBICTB 38 KO-
POTKHUi TEpMiH IPOMOJIETIOBATH Ta MPOaHATI3yBaTH Oa-
raTo BapiaHTIB JOCIIIPKYBaHOTO 00’ €KTY MPH Pi3HUX pe-
KUMax poOOTH, MPOBECTH ONTHUMI3allil0 Horo mapaMer-
piB  Ta XapakTepUCTHUK, (I3UYHUNA EKCIIEPUMEHT

MOTepeIHI HANAIITYBaHHs — BUOIp MEBHHUX MapaMeTpis,
TaKUX K MOJIENb TYpOYIEHTHOI B’ SI3KOCTI, TOMOIOTII po-
3paxyHKOBOI CITKHM Ta iHIIIE.

Jns mposenennas gucioBoro exkcrnepumenty CFD
(Computational Fluid Dynamics) Heo6xiaHe BimmoBiaHe
mporpaMHe 3a0e3nedeHHs, B podoTax [1, 2] Hagano aHa-
JTHYHUA OTJISIT PI3HOTO MPOTPAMHOrO 3a0e3MeYeHHs
s CFD. Barato aBTopiB, fKi IpOBOAATH HaYKOBi J10C-
JJDKEHHS XapaKTePHCTUK JIOMAaTKOBUX MAIllUH, BUKOPHU-
CTOBYIOTH mporpamHe cepenosumie Ansys Workbench
Fluent a6o CFX [3-5].

MopemtoBaHHS Tedii B JIOMATKOBUX MAaITHHAX 0a3y-
€ThCS Ha BUpIiIIeHHI crcTeMu piBHSHb Har’e — CTokca,
Ul 3aMHKaHHS SIKMX BUKOPHCTOBYIOTHCS —MOJEINI
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TypOyseHTHOI B’ sa3KocTi. B podorax [6-8] aBTopum npen-
CTaBJISIIOTH PE3YJIbTATH TECTOBUX 32124 3 METO BHOOPY
MOJIelTi TypOYJACHTHOI B’ I3KOCTI JJIsT MOJICTIOBAHHS TEUil
B €IIEMEHTaX 0ChOBHX KomIpecopiB. OJHaK, yHiBepcalb-
HOI MOJiesTi TypOyJIEHTHOCTI ITOKY HE iCHYE, 1110 CHIOHYKA€e
MPOBOJIUTH TECTOBI 3a/ayi Jisi KOYKHOTO KOHKPETHOTO
BHUIIAJIKy MOJICITFOBAHHS TeUil B JIOMATKOBUX MAalllWHAX.

KoHienmisi 0cb0BOro KOMIpecopa 3 IBOPSAHUMH
JIOMATKOBUMHU BiHIIIMU Ma€ BEITUKUI TIOTSHIiaM TS M-
BUILICHHS HABAHTAXKCHHS CTYICHS Y MIOPIBHSHHI 3 KJacH-
YHUMH CTYICHSIMH OChOBOTO KOMIIpECcopa, siKi MaroTh
OJHOPSIIHI JIONATKOBI BiHIII, 1€ TPU3BOIHUTH JI0 3HAYHOTO
MOKPAIICHHS EKCIUTYaTAIlifHIX XapaKTePUCTHK Ta €KO-
HOMIYHOCTI ra30TypOiHHOro ABHryna. OcTaHHIM 4acom,
JIOCTTi [UKEHHSI [IIO/I0 3aCTOCYBAHHS JIBOPSTHHUX JIOMATKO-
BHX BIHIIIX B OCBOBHUX KOMIIPECOpaX BUKIHUKAIOTH 3HAY-
HUH 1HTEepec, IO MiATBEPIKYETHCS BENUKOI KUIBKICTIO
myouikamid [9-11]. ABTOpU pPO3IIISAAAIOTHE MOMIIUBICThH
3aCTOCOBYBATH JJBOPSIIHI JIONIATKOBI BiHII Y pOOOYHX KO-
JiecaX OCbOBHX KOMIIPECOpax, CTHKalOThCs 3 IMpooiie-
MaMH IO/I0 TeperpodiIoBaHHs i pO3pOOKH YAOCKOHA-
JIHOI METOAMKU TPOCKTYBaHHS HAIPSIMHHX araparis,
sKi O BpaxoBYBaJu OCOOJMBOCTI KiIHEMAaTHKH Teuil TpH
3aCTOCYBaHHS IBOPSITHUX POOOUUX KOJIC.

VY poborti [9] 4KnciIoBUM METOIOM JOCHIHKYIOThCS
0COOJIMBOCTI OOTIKaHHS y JBOPSAHUX JIONATKOBUX BiH-
LSIX TIOPIBHSIHO 3 €KBIBaJICHTHUM OJTHOPSIAHUM JIOMATKO-
BUM BiHIIEM. ABTOPH IPUIUISIOTh OCOOJIMBY yBary Bizy-
anizanii o0TiKaHHS, JeTalbHO JOCIIIKYIOThCSI BTOPUHHI
BTpATH, TIOB's13aHi 3 0OCOOIMBOCTSMHU KOHCTPYKIIii ABOPSI-
JHUX JIONIATKOBUX BiHIIB. KpiM TOro, po3risHyTo mMu-
TaHHS PI3HUX a€POJMHAMIYHUX HABAHTAXKEHb JUIS Iep-
LIOr0 Ta JPYroro psay ABOPSIHOIO JONATKOBOTO BiHIIA
0CHOBOT'0 KOMIIpECOpa.

3aBIaHHs B3a€MOIi Ta CHEIIaJIbHOTO MPOEKTY-
BaHHS OJHOPAIHOIO HANIPSMHOIO amapary s ABOPSI-
HOro po0oYOoro Kolieca po3riIsgaeThes OaraTbMa aBTO-
pamu. Y po6ori [10] aBTOpH pO3rIIsAAa0Th HU3bKOIIBHU/I-
KiCHHI OChOBHH KoMITpecop, Y pobori [11] 103ByKoBHi
ockoBHUil KomIpecop. Y poborti [10, 11] aBropu mocii-
IDKYIOTh METOJIOM YHCIIOBOTO €KCIIEPHMEHTY B3a€MOIIIO
JBOPSITHOTO pOOOYOro Kojeca Ta OJHOPSIHOrO HalpsiM-
HOTO amapary Ha HEepO3paxyHKOBHX PEKHMax POOOTH.
AHaIi3yI04n OTpUMaHi pe3yIbTaTH, aBTOPH POOIIATH BU-
CHOBOK IIPO Te, IO IS JBOPSIHOTO PobOYOro Komeca
HEOOXiHO CIIeIiabHO CIIPOSKTOBAHUI HAIPSIMHHH arma-
pat. dns 3amukanHs piBasHE Hap’e - CTokca npu Moze-
JIOBaHHI Tedil y CTYIIEHAX OCHOBOTO KOMIIpecopa 3 JIBO-
PAIHAM pOOOYHM KOJIECOM aBTOPH BUKOPUCTOBYIOTH MO-
nens TypOymnentHocTi SST Menrepa [10, 11].

3aIikaBIeHICTh Yy MOKpAIIeHHI XapaKTePHUCTHK
OCHOBHUX KOMIIPECOPIB aBiallifHUX IBUTYHIB CIIOHYKA€
JOCTI THUKIB ITYKAaTH OULIXH BIOCKOHAJICHHS KOHCTPYK-
mii sorratkoBux MamuH. OIHNUM 13 TaKMX METOMIB € I1a-

CHBHHUI METO]] KEpYBaHHs IPUMEKOBHUM IIAPOM — 3aCTO-
CyBaHHS JIBOPSIHUX JIOMATKOBUX BiHIIB. JlOCIiKEHHS
XapaKTEPUCTHK JABOPSAHUX JIOMATKOBUX BiHIIIB KOMIIpe-
COpIB JIOLUIBHO TPOBOJUTH 3a JIOTIOMOTI'OIO0 YHCIIOBOI'O
eKCTIEPUMEHTY, OIHAK JIsl Oro MpoBEeHHS HeoO0XiaHa
BauTifawis Ta Bepudikaris Moaesi TypOyneHTHOI B SI3K0-
CTi, sika Oyze 3amuKaTH piBHsHHS HaB’e — CTokca.

Meroro poboTH € BepudiKallisi Ta BaTigaIliss MOIeNi
TYpOYJIEHTHOCTI 1 TOMONOTIT PO3paXyHKOBOI CITKU MPH MO-
JIEITIOBaHHI 00TIKaHHS TBOPSAHOI KOMITPECOPHOI PEILITKH.

Jyist mocsiTHEHHS TIOCTaBJIEHOI METH BHPIIIEHO Ha-
CTYyIHI 3a/1a4i:

1. [MoOynoBaHO TPUBHMIPHY MOJIENB pOOOYOrO ce-
peloBHIa ISl MOJENIOBaHHI OOTIKAHHS JBOPSIHHX
KOMITPECOPHUX JIOMATOK.

2. TlpoBeneHo MOnEMIOBaHHS OOTIKAHHS ABOPSTHUX
KOMITPECOPHUX JIONATOK VTSl YOTHPbOX MOJieNnel TypOysie-
HTHOI B s3Kk0cti SST, SST Gamma-Theta, LRR, k-o.

3. IIpoBeneHo MojenmtoBaHHS OOTIKAHHS JBOPSII-
HHUX KOMIPECOPHUX JIOMATOK Ul TPHOX TOMOJOTIH po3-
PaxyHKOBOI CITKH.

4. TlpoBeaeHO OLIHKY OTpPUMaHHUX pe3YJbTATIB,
HITSIXOM TIOPIBHSIHHS Pe3yJbTaTIB YUCIOBOTO Ta (i3uy-
HOT'O €KCIIePUMEHTY.

IMocTanoBKka 3aaa4i DOCTIKeHHA

B sikocTi 00’€kTa g0CHiKEHHsT 00paHO KOMITPECo-
PHY PEUIITKY 3 JBOPSAHUMH JIOTIATKAMH.

Jlnst mpoBeNIeHHsT YMCIIOBOTO €KCIIEPUMEHTY MOJIe-
JroBaHHA Tevil no0ynoBano 3D Mozenb cTeHy, Ha SIKOMY
PO3MILIEHO 5 JIONATOK MEePIIOro psijay Ta 13 jgomaTok apy-
roro psiny. Cxema CTeHy pe/icTaBiIeHa Ha puc. 1.

CmiHka

Cminka 3 npockoB3yboHHam

.

Bifbil Bxid/buxid
792

Puc. 1. Cxema Mozeni CTeHAY ra30IMHAMIYHAX
JOCIIIKEHb ABOPATHOI KOMIIPECOPHOI PELTITKHI

Jlonmatku pemriTKy sk TBOX PsAMiB MOOyIOBaHI Ha
0CcHOBI aepoauHamigHoro 6% npogimo BC-10. st mo-
MAaTOK MEpLIOro Ta APYroro psiB IEHTPAIBHUHA KYT ce-
penHix miHii mpodinro cranoBuB 12° ta 60°, a BigHOCHA
TOBIIMHA aeponuHaMidHuX npodineit - 0,05% ta 0,08%
BiIOBiHO. XOpa KOXKHOI 3 JIOMATOK JOPiBHIOE 35 MM.
[oTik MOBITPS CHPSAMOBYETHCS IO PELIITKH MO KaHAIy
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nosxuHOI0 0,412 M. Ha nipenicraBiieniit Ha puc. 1 koHbi-
rypauii creHny Kyt ataku gopisHroe 0°. [Ipu HeoOxinHO-
CTi 3MIHUTH KYT aTakd HOTpiOHO HAa BIiATIOBITHWI KyT
3MIHUTH TIOJIOKEHHS BXiJHOrO KaHaiy. YacTuHH OOKO-
BHX CTIHOK KaHaly, IO 3HaXOAATHCS Ha Kparo 3 000X
CTOpIH PENIiTKH, TOBTOPIOIOTH 32 (POPMOIO BiIITOBI THI
TIOBEPXHI JIOITATOK JIPYroro psiy.

Ha puc. 2 npencraBieHi reoMeTpuiHi XapaKkTeprc-
TUKH PEUIITKH, 10 JOCIHiPKYEThCS:

Bels Berr — KYTH Mi>K XOPJIOIO Ta BiCCIO PELIITKH JIO-
TMIATOK IIEPIIOTO Ta APYTroro psy;

Bri — KyT MDK JOTHYHOIO 0 CEepeAHbOI JiHii
npoisIro Ta BicCIO PELIITKU B MepeHii To4li npodinto;

Or = B,r — Byr — UEHTpaJbHUIA KYT CepeIHbOI JiHil
podio;

Br, — KyT MK JOTHYHOIO 0 CEpeAHBOI JIiHii
npoisIro Ta BicCIO PELIITKU B 3a{HIH TOUI Mpodiiio;

1 — KyT MiX BiCCIO PEUIITKH Ta BEKTOPOM MIBH-
KOCTi Habirarouoro roToKy;

B, — KyT MiX BiCCIO PELIITKU Ta BEKTOPOM IIBH[-
KOCTI IIOTOKY 3a PELIiTKOIO;

AB = B,r — B, — KyT BiicTaBaHHS MOTOKY;

0, = B2 — By — KyT IOBOPOTY MOTOKY B PEIIITIIi;

i = B;r — B; — KyT araku.

Puc. 2. OcHOBHI reoMeTpr4Hi TapaMeTpu KOMIIPECop-
HOT PELIiTKH 3 ABOPSAIHUMH JIOIIATKaMH KOMIIpecopa

[lig yac mpoBeneHHS BUIPOOYBaHb BHMIPIOBAINCH
TTOBHUH Ta CTATUYIHUNA THUCK TIEpe]] PEIIiTKOO, a TAKOX I10-
BHUM THCK I10 JOBXHHI KPOKY Ta HAIPSIMOK IIOTOKY 3a pe-
IIITKOIO. 32 OTPUMAHUMHU JAaHUMH OYITH ITOOYIOBaHi 3ae-
YKHOCTI 3MiHU HACTYITHUX TIapaMeTpiB: KyTa IOBOPOTY IO~
TOKY B PEIIiTIli, KyTa BiJICTABaHHS MOTOKY BiJ JOTHYHOI
JI0 CepeIHbO1 JTiHi1 B 3a/1HII KPOMIIL, & TAKOXK BTPATH ITOB-
HOTO THCKY B PEIIITII 32 HACTYITHOIO (hOPMYIIOF0:

Po2oc
Poz =1 . @

Po1

J€ Pp1 — 3HAYEHHA IMOBHOIO THUCKY IOTOKY Hepesn

PpemIiTKOoI0;

Pozocp — OCEPEHEHE 110 KPOKY 3HAYEHHS MIOBHOTO
THCKY 3@ PELIiTKOIO.

I'padixu pe3ynpTaTiB BUMIipIOBaHb MOOYIOBaHI y
BUTJISIL 3MIHHM BEIMYHH BiJl IPUBEIEHOI MIBUAKOCTI I10-
TOKY TepeJl PeIiTKOIO:

k-1
= |1 (PL) K
M= fEl-Ga ) @

Iie Kk — BiHOIIEHHS TEMJIOEMHOCTEI;
P1 — 3HAYEHHS CTATHYHOT'O THCKY TEPEl PEIITKOIO.

VY 3B’S3Ky 3 THM, IO JaHI OO0 BUCOTH JIOMATKH
BIJICYTHI, JUTS IOAAJIBINUX JOCII/PKEHb 3a1a4a Oy/ie po3-
risiatrcst 'y 2D mocranoBui. [Ipore, ANSYS CFX ne
MiATPUMYE MOXIIMBICTB po3B’si3Ky 2D 3amay uepes Te,
mo CFX BUKOPHCTOBYE METON KIiHIICBHX 00’€MiB i3
LEHTpaMH B BepIIMHaX CiTkH (vertex-centered), sikuid po-
3pobnenuit aist podotH 3 TpuBuMipHUMH (3D) ciTkamu.
VY 3B’s13Ky 3 unM Oyznemo BukopuctoByBatu [IceBno-2D,
SKUI TOJIArae y TOMYy, IO IO TPeTii Bici — BUCOTI Jioma-
TKH, Oy/Ie TITbKH OIHA PO3PAXyHKOBa KOMipKa BHCOTOO
1 mm. ITo Ookam 11i€i KOMipKH Oy/Jie BUKOPHCTOBYBATHCS
rpaHMYHa YMOBA CUMETPIi Ha sIKiii HOpMaJlbHa CKJIaI0Ba
MIBUAKOCTI MIOTOKY 10 TUIOIIMHKA cCUMETPiT JopiBHIOE 0, a
TaKOX TpalmieHTH (I3UYHUX BEIMYMH [0 HOpMali J0
TUTOLIMHY CUMETPIT TeX NOopiBHIOIOTH 0.

Juiss BUOOpY THITy KOMIPOK PO3paxyHKOBOI CITKH
PO3rIIsTHEMO OCOOJIMBOCTI IBOX OCHOBHHX THIIIB, a came
TeKCaeIPUIHOro Ta TeTpaeapiB.

['excaeapuuHa CiTKa € CTPYKTYPOBAHOIO, TOOTO KO-
MIpKH pO3TAlllOBaHI B YiTKOMY, BIIOPSJKOBAHOMY IIO-
PSAKY, HOMIOHO 10 perynspHOi CiTKM uu Tabmmii. it
NpHUTaMaHHI HACTYIHI BIacTuBocCTi [12]:

— BHCOKa TOYHICTb - peryasipHa ¢popMa 3MEHIIye
YHCENbHI TOMUIIKK TIPH alpoKcUMallii rpaiieHTiB (1IIBU-
JIKOCTI, THCKY);

— IBHAMA 30DKHICTh - PO3B’A3yBadi MPAIOIOTH
e(eKTUBHIIIIE Yepe3 MPOCTY TOIMOJIOTiI;

— MeHIIe KOMIPOK - JJIsl JOCSATHEHHsT HeoOXiqHOT
TOYHOCTI TOTPiOHO MEHIIIE eIIEMEHTIB, HiXK Y HECTPYKTY-
pOBaHii CiTIi.

IIpore mana ciTka BHMarae BETUKHX TPYJHOIIIB
It i TOOYIOBH Yy pa3i CKIagHOI TeOMeTpii.

HectpykTypoBana mpexacTaBisie COOOK TPHKYT-
HUKH, y pa3i JBOBUMIPHOI CITKH, Ta Mipamian, IPU3MH YU
reKcaenpu s TpuBUMipHOi ciTku. Ha BigMiHy Bif cTpy-
KTYpOBaHOi, HECTPYKTypOBaHa CITKa Ma€ MEHIIY TOY-
HICTb, IOBUIBHIITY 301KHICTh Ta IOTpedye OibIe KOMi-
pok. Aute i B Hel € cBoi mepeBary [12]:

— imeampHa I CKIAQIHHUX
00’ €KTIB;

— JIeTKO TeHEePYEThCS aBTOMATHYHO JIIS Oy Ib-KOi
thopmu;

TEOMETPUIHUX
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— mnporpamu turmy ANSYS Meshing yn ICEM
CFD mBuAKO CTBOPIOIOTH HECTPYKTYPOBaHY CITKYy Oe3
PYYHOI'0 HAJAIITyBaHHS;

— MOKHA JIOKIBHO YIIUTBHUTH y 30HaX i3 CHIIBHIMH
rpajlieHTaMu (HATIPUKIIAT], KPUTUYHUH ITepepi3 coruia).

Takox, 11100 MoeTHATH TIepeBaru 000X CITOK y pasi
CKJIaJIHOi TeOMeTpii MOXYTh OyTH 3aCTOCOBaHI riOpHIHi
citkn. Tak I JOCIiKEHHSI OOTiKaHHS TiNa CKIaIHOi
reoMeTpil 30BHIIIHIM ITOTOKOM, JJIsl MOJICITIOBaHHS 30B-
HIIIHBOT'O MTOTOKY BUKOPUCTOBYIOTH CTPYKTYPOBaHY Ci-
TKY, & HEBEJIMKHI 00’eM Oe3mocepeHpo OiIs Tijna po3-
OUBAETHCSI HECTPYKTYPOBAHOIO CITKOIO.

Jist ToOYIOBH CITKM HABKOJIO TJIAJIKUX aepoJIHA-
MiYHHX Tpodisiell MOXKHA MOOYIYBAaTH CTPYKTYpPOBaHY
CIiTKy i3 3acTOCYBaHHSM, Tak 3Banux, O-grid 6mokis [13].
Tomy anst 3azmadi, MO PO3MIIANAETHCS, BHUKOPHUCTAEMO
caMe ii.

Po3mipHicTh po3paxyHKOBOI CITKH (KUTBKICTH KOMi-
POK) Ma€ 3HaYHHM{ BIUIMB Ha TOYHICTh PO3PaxyHKIB.
Tomy mociiIMMO BILIMB PO3MIPHOCTI CITKH Ha PE3YJib-
TaTH PO3PAXYHKIB PEIIITKH KOMIIPECOpa 3 JBOPSTHUMH
JIONIATKAMH.

Jnst mpoBeneHHsl JOoCHiKeHb OYyJo Mo0yaoBaHO
TpH CiTKM po3MipHicTio citka 1 — 138340, citka 2 —
224546 Ta citka 3 — 270633 enementi. [TobynoBana ci-
TKa IIpeJcTaBJeHa Ha puc. 3.

Puc. 3. ®parmentu nodyaoBaHol
PO3pPaxyHKOBOI CITKH:
a — po3paxyHkoBa citka Nel,
0 — po3paxyHKOBa ciTka Ne2,
B — pO3paxyHKoBa ciTka Ne3

Jnst MozmeNMoBaHHS MPUMEKEBOr0 IIapy HABKOJIO
KOXHOI Jtoratku mobymosano O-grid 6:ok. Bucora mep-
ol koMmipku Oust monatku craHoButh 0,001 MM — miel
BEIIMYUHHU JOCTATHBO IS 3a0e3MedeHHs mapamerpy y*
Mmerme 1 mpu A; < 1. KoediuieHT 301IbIICHHS BUCOTH
KOMIpPKH Il HACTYITHUX IIapiB CTaHOBUB 1,2.

Ockinpku BHOip Mozeneit TypOyIeHTHOCTI CYyTTEBO
BIUTUBAE Ha PE3YNBTAT, IPOBEIEMO PO3PaxXyHKH VIS pi3-
HUX Mojenel TypOyienTHocTi. B poboti mporecToBaHO
4 mopeni Typoynentrnocti — SST, SST Gamma-Theta,
LRR, k-o.

Haii0inpim mommpeHoo y BUKOPUCTaHHI ISl MOJIe-
JIIOBaHHS ra30JMHaMIYHHX IIPOLECIB Y TypOOMamInHax €

monenb Shear Stress Transport (SST), 3ampomoHoBaHa
®rnopianom MenTopom [ 14]. Bona 3’siBuitacst sik BAOCKO-
HaJICHHS ICHYIOUHMX MoJeJel TypOyJIEeHTHOCTI, 30KpeMa
JUISL BUPIIIEHHS MTPOo0JIeM, TT0B’I3aHHX 13 YYTIHMBICTIO 110
YMOB BiJIBHOTO MTOTOKY B Mozeli k- Ta HETOYHOCTSIMH
Mmozen k- mpu MonenmoBaHHI MOTOKIB 13 HECTIPUSTIIH-
BUMU TpanieHTamMu Tucky. SST-Momens po3pobiieHa s
TOYHOTO MPOTHO3YBaHHS MOBEAIHKH TYpOYIEHTHHX MO-
TOKIB y IIMPOKOMY Jliana3oHi yMoB. BoHa noeaHye nepe-
Barw JBOX MiJXOMIB: MOAETh k-0 100pe mparoe moo-
JIU3Y CTIHOK, Y MPUMEXOBOMY IIapi, JIe BaXIIUBI B SI3Ki
edektu, Monens k-¢ eeKTHBHA Y BUIFHOMY TOTOLI, Jla-
JIEKO BiJI MOBEPXOHb, 1€ TypOYJIEHTHICTH MEHII 3aJe-
JKUTP BiJl CTIHOK.

SST — e Mozenb TypOYIEHTHOCTI 3 ABOMa aude-
PEHIIIHHUMU PIBHSIHHAMH, KA PO3B’sI3y€ 1B TPAHCIIOP-
THI pIBHSHHS: JJ1s1 TypOyJieHTHOI KiHeTn4Hoi eHeprii (k)
Ta JuIs cenudivHol mBUAKOCTI qucunanii (o). Bona Bu-
KopHucTOoBYe MonudikoBaHy B’s3KicTh Buxopy (eddy
Vviscosity) 3 obMmexyBaueM, 1100 BpaxyBaTH TPAHCIIOPT
HaIpyKEHHS 3CYBY, 1 QYHKIIIO 3MiIIyBaHHS, Ka IUIABHO
nepexoanTh Mix k- (011 cTiHoK) i1 k-€ (Y BiIbHOMY 1O-
toui). OcHoBHa 3anaua moneni SST - BpaxyBaTu TpaHc-
IopT TrOJIOBHOI'O Typ6y.]'IeHTHOFO Halpy>XC€HHA 3CYBY
(shear stress), 1110 KPUTHYHO BasKJIMBO JJIsI TIOTOKIB 13 CH-
JHHUMH HECTIPHUATIUBHMHU TPaJi€HTAMH THUCKY, BiIpH-
BOM IIOTOKY YH CKJIaTHOIO T€OMETPHUYHOIO (hOPMOIO.

Takox, mns TtectyBaHHA oOpano wmozpenb SST
Gamma-Theta (SST y-0) - ue po3umpenss 6a30Boi Mo-
neni SST, sike goaae MOXKIMBICTE MOJIEIFOBAHHS JIaMiHa-
pHO-TYpOyseHTHOro nepexony (transitional flow). Pos-
pobiiena Takoxx MenTtepoMm y cmiBnpai 3 Jlarrpi [15],
0a3yeTbCs Ha EMIIPUYHUX KOPENALIsX Ta IHTErpye 1o
6azoBoi SST aBa momatkoBi TpaHcmopTHi piBHsHHS. Lli
PIBHSIHHSI TO3BOJISIFOTH MOJIEINI IIPOTHO3YBATH JIE 1 SIK Jia-
MiHapHHH MOTIK NEPEXOAUTh Yy TypOyJICHTHHH, 3aMiCTh
TOrO0, 00 MPHUITYCKATH, 1110 BECh TOTIK ojpa3y TypOyie-
HTHUI (K y ctanpaptHiit SST).

Mogenb TypoynentHocti LRR (Launder-Reece-Rodi)
- Lle oflHa 3 HaWBigoMiIMX Mozeseit Tumy Reynolds Stress
Transport (RST), sika HaJIeKUTH A0 OPYrOro MOPSIKY 3a-
KPHTTS B 00UHCITIOBAJIbHIM rifpomuHaMiry. Borna Oyma po3-
pobieHa st MOIENFOBaHHA TYPOYIIEHTHOCT] IUTSIXOM TIpsi-
MOT'O PO3B’sI3aHHS TPAHCTIOPTHHUX PIBHSHD TSI KOMITOHEH-
TiB TeH30pa PeifHONbACOBIX HAMIPYKEHB.

Mogens LRR 6yna 3ampononoBana bpasHom Jla-
yuaaepom, Jxonom Picom i Bombgranrom Poxi B 1975
poui B poGoti [16]. Bona crana pe3yiabTaToM 3yCHIIb
IOAO 3a/Jadi CTBOPEHHS OUIBII TOYHOI albTePHATHBH
TIPOCTIIINAM MOJIEISIM THITY k-g, siki 6a3yrOThCS Ha TIpH-
MYIIeHHI 130TpormHOi BUXpoBoi B s3kocTi. LRR 3acToco-
BYETHCS B 3a7a49ax, fe npocrinn mozeni (k-g, k-o) He ma-
FOTB JIOCTaTHBOI TOYHOCTI Yepe3 CBOKO 130TpONHicTh. Mo-
JIeNTb TOYHO BPAaXOBYE HANPSMHI e(eKTH TypOyIEHTHO-
CTi, LI0 KPUTUYHO IS CKIaJHUX MOTOKIiB. Kpaiue
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TIpaIfoe B TIOTOKAxX i3 BiAPHMBOM, OOEPTaHHSAM YU CHIIb-
HOIO KPUBUHOIO ITOPiBHIHO 3 MOZENSIMHU Ha OCHOBI B’5I3-
KocTi. ba3yerbcs Ha peanbHHMX TPaHCHOPTHHX PiBHSH-
HSIX, a HE CIIPOLIEHUX NMpUNyIIeHHsX. [IpoTe Mozaens mo-
TpeOye 10oIaTKOBOro po3B’si3aHHs 7 piBHAHB y 3D moc-
TAHOBIII, IO 3HAYHO 301IBIIYEe BUTPATH pecypciB. Tou-
HICTh 3aJIOKUTh BiJl OOpaHUX MOJIENCH s PO3B’SI3KY
KOMITIOHCHTIB OCHOBHUX PiBHSHb.

Mogens TypOyneHTHOCTI k-m Briepiire Oyia 3ampo-
noHoBaHa Konmoroposum y 1942 p., npote 11 npakTu-
YHOTO BHKOPUCTAaHHS Oyna mepepobiieHa Binkokcom y
1988 p. [17] sk anbTepHaTHBA MOJIEII K-€, 3 aKIIEHTOM Ha
Kpally IMOBEJIiHKY B IPUMEKOBHX IIapax i MPU HU3BKUX
yuciax PeitHonbaca. Mogens k-o po3B’si3ye nBa TpaHc-
MOPTHI PiBHSHHSA: K - TypOyJieHTHA KiHETUYHA EHEepTis, M
- cnenugiyHa MBUAKICTh TUCHMAIT TypOyJIEHTHOI eHe-
prii, sika npomnopitiiina &'k (e € - NBUAKICT UCHMIALLT).
Mopnens He mnoTpeOye criHKOBHX (GyHKIiH (wall
functions), mo poOuTk T iICaTHHOO I MPUMENKOBUX
Jlerko
PO3B’SI3yEThCSL 10 TBEPAOI MOBEPXHI 0€3 J10JaTKOBHX
npunyieHs. [Ipore Mae HETOUHOCTI y BIIBHHX MOTOKaX.

mapiB 1 HHU3BKOPEWHONBJCOBUX  IOTOKIB.

Ha puc. 3 npencrasnena 3D po3paxyHKoBa MOJENTb
3 BKa3aHUMU I'PaHUIHUMH YMOBaMH.

| “Crinka BXii

,/Jﬁml

s e

TouKyu MOHITOPUHLY]

Crinka’

Puc. 3. PozpaxyHkoBa Mozienb

Ha rpansix Mozeni BCTaHOBJICHI HACTYITHI TPAHUYHI
YMOBHU:

— Bxig — ymoga Inlet, Total Pressure (stable), Ha-
MpsIMOK TIOTOKY B370BX Bici X, Static Temperature
288,15°K;

— Buxixz — ymoBa Opening, Entrainment 1 atm,
Outlet Temperature 288,15°K;

— Crinka — ymoBa Wall,

— Crinka Bxig— ymoBa Wall, 3 mpockoB3yBaHHIM
(Free Sleep Wall);

— Cumerpist — ymoBa Symmetry.

g 3amadi, mo po3risAaeThCs, BapiaHTH TPaHU4-
HHUX YMOB 3 33/IaHHSIM ITOBHOT'O TUCKY Ha BXOJIi Ta CTaTH-
YHOTO THCKY Ha BUXOJ € OJJHAM 3 HaHKpaIIiX BapiaHTIB,
SIKHHA TO3BOJISIE TOCATTH 301KHOCTI po3paxyHKy. OTxe,
Ha BXOJ/I BCTAHOBJIIOETHCSI 3HAUYEHHS ITOBHOTO THCKY 3

MeBHUM KpoKoM. OCKUTBKH Ha BUXOJII MOKJIMBHUIA 3BOPO-
THI XiJ, TOOTO MOXIIMBI BHUXOPH, BHOpPaHO YMOBY
Opening/ Entrainment sika cama BU3Ha4ae I1i]] 4ac po3pa-
XYHKY HarpssMOK BEKTOPY BXiIHOTO MOTOKY B 3aJICKHO-
CTi BiJ] OTOYYIOUMX YMOB.

3 METOI0 3MEHILICHHS BIUIMBY, SIKUH MOXE CIIPUYH-
HHUTH TPUMEXKOBHH IIap, Ha OOKOBHX MOBEPXHSIX BXif-
HOT'O KaHaJTy BCTaHOBJIEHA yMOBA CTIHKH 3 TIPOKOB3yBaH-
HiM. {71 BCIX JIOMATOK Ta CTIHOK CTEHAY 3a PEIIiTKOI0
BCTaHOBJIEHA YMOBA 3BUYalfHOI CTIHKH.

Ha BepxHiii Ta HIKHIN TTOBEpXHSIX CTEHIy BCTaHO-
BJIEHA YMOBa CUMETPii.

[t BchOro po3paxyHKOBOro 00’€My BCTAHOBJIEHO
cepenoBuile NOBITPs. B sikocTi poGovoro Tinma obpaHo
Mozenb ifneansHoro razy. Oopano mojens Total Energy,
sKa BPaxOBYyE€ CTHCIMBICTh MOBIiTpsi. Takok BHOpaHO
BpaxyBaHHS HarpiBy Bim B’si3koro TepTs. [louaTkoBi
YMOBH BU3HAYaJIUCh aBTOMaTHYHO MTPOrPaMolo.

[TouaTKOBHMiIT KPOK 32 YacoM BHU3HAYaBCS 3 YMOBH
MPOXO/KEHHS TIOTOKOM BiJICTaHi B 1 MM 3a ofHY iTepa-
ito. MakcuManbHUH KPOK 32 YaCOM BCTaHOBJIIOBABCS B
mianaszoni (0.001-0.00001) ¢ B 3aJIeXKHOCTI BiJ IIBUAKO-
CTi IOTOKY Ha BXO/1i Ta 00paHoi Mozieni TypOyJIeHTHOCTI.

Jns po3B’sA3Ky piBHSAHB TYpOYJIEHTHOCTI OOpaHO
aJlaTUBHY CXEeMY JMCKpeTu3allii apyroro nopsaky High
Resolution.

JonatkoBo OyinM BCTaHOBJEHI TOYKM MOHITOpY, B
SIKHIX IT1]1 4ac pO3paxyHKY BiJICTEKYBAIIKCh TAPAMETPH TIPH-
BEJICHOI LIBUJIKOCTI TEpe] PELIITKOI, 8 TAKOK 3HAYCHHSI
HIOBHOT'O THCKY 32 PELIITKOIO Ta BTPATH IIOBHOT'O THCKY.

Pe3yabTaTtn

Po3paxyHOK BHUKOHYBaBCS B 0araTosiiepHOMY pe-
KM 3 BUKOPUCTaHHM 3 siep nponecopa. Po3paxyHok
BBa)KaBCs 3aKIHUEHHMM, KOJIM 3HA4YEHHS HEB 530K Ta TIa-
paMeTpiB, IO BiJCTE)KYBAIUCS B TOYKAaX MOHITOpY, Ha-
OyBaJu JOCTaTHBO CTaJIMX 3HaYEHb TA HE 3MiHIOBAJIUCS B
HACTYITHUX ITepallisiX YU MaJId He3HAYHHUH TIepioIUIHHIA
xapakrep. Ha pucyHky 4 npencraBieHo 3MiHy napaMer-
PiB, SIKi BIICTEXYBAIUCH, I YaC PO3PAXyHKY.
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Puc. 4. 3mina mapaMeTpiB B TOYKaX MOHITOPHHTY
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CriouaTKy OYJIO JOCITIKCHO BIUTUB MOJICTCH TYp-
OYIICHTHOCTI Ha Pe3yAbTATH PO3paxyHKiB. JlocimKeHHs
BHUKOHYBajock Ha citii Ne2. PesynpraTn mpencrasiieHi
Ha puc. 5 Ta 6. B po3paxyHKy mapaMeTpiB MpuiManch
cepeiHi 3HaUeHHsI TIOBHOT'O THCKY 3a PEIIiTKOKO /TS LICH-
TpaNbHHX JIOMATOK.

- PozpaxyHxoBa citka Ne2
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2004
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Puc. 5. BinHocHa BTpaTa TUCKY B PELIITII
JUIsL PI3HUX MOJIeNiel TypOyJIeHTHOCTI

AHai3 OTPUMAaHHUX PE3YJIbTATIB MOKA3ye, IO Ha
HIBUIKOCTSAX MOTOKY mepes periTkow a0 0,6 BigHOCHA
BTpaTa TUCKY B PEIIiTIi JOCTaTHHO J0Ope criBmajae 3
pes3yabTaTaMu eKCriepruMeHTy. B miama3oHi npuBeneHux
mBuaxkocrer Big 0,6 1o 0,8 HaiOuIbLIE CIiBHAaIiHHS 3
EKCIIEPUMEHTOM Jla€ Mojielb TypOynenTHocti k-o. [lpu
3HAYEHHSX MPHUBEACHOI mBHAKOCTI Oinbiie 0,8 Oinbiie
crniBnaginasg Hagae Momensb SST.

Amnani3 rpadiky 3MiHM KyTa BiJICTABaHHS IOTOKY,
MPENCTaBICHOMY Ha pHC. 6, TIOKa3ye, 110 TiTbKA MOJIEIb
SST nae HaiiOinblie criBOaJiHHA B YChbOMY Iialia3oHi
MPUBEACHNUX IIBUIKOCTEH TIEPE PENIiTKOIO.

Po3paxynkoBa ciTka Ne2

KPOMKI,

KyT BijicTaBaHHS ITOTOKY BiJT 38]THBOI

0 02 0.4 0.6 0.8 1

BimHOCHa MIBIJIKICTS TIEpe/T PENITKO0
—@-Excriepivent —#—SST —<—k-w -5-LLR -=-SST GT

Puc. 6. Kyt BigcraBaHHS MOTOKY /ISl piI3HUX
Mojernel TypOyIeHTHOCTI

Taxoxx HeOOX1JHO BIIMITUTH TOH (haKxT, IO P BH-
kopuctanHi moneri TypoynentHocti SST GT nmocratHs
CTablIBHICTh 3MIHHM ITApPAaMETPiB B TOYKaX MOHITOPHUHTY

HE Ji0csTajgack, PUCYHOK 7, HaBiTh IPH 3MEHIIEHH] PO3-
PpaxyHKOBOTO KPOKY 3a 4acoM. TakoX KOJIMBaHHS Bij-
3HAYINChH 1 MpH BUKOpucTaHHs Mozxem LRR, xou ix Be-
nryrHa Oyita OpiBHSHO MEHIIOK.

sSIII,

-

Q 0 100 200 300 400 500 600 700
Iteparus

SST =---SSTGT ~---k-w ==-LRR
Puc. 7. 3MiH BiIHOCHOT BTpaTH TUCKY B PEUIITII
MiJ] 9ac PO3paxyHKy

AHaui3 pe3ynbTaTiB po3paxyHKy ITOKa3asB, 110 iCTo-
THI KOJIMBAaHHs NapameTpiB NpPH BUKOPUCTAHHI MOAEINI
SST GT, 3yMoBIeHi 3pMBOM IOTOKY 3 MOBEpPXHI JIoma-
TOK, 1110 IPM3BOMIIO 10 YTBOPEHHS NePiOJUYHUX BUXPO-
BUX CTPYKTYp OUIbII BEIUKUX PO3MIpiB, HIK IPH BHKO-
pHCTaHHI 1HINMX MoJeNnel TypOynenTHocrti. Jlanuii npo-
1iec MOBTOPIOBABCs 1 Ha iHIIMX ciTkax. Ha puc. 8 npen-
CTaBJICHO NOPIBHSHHS JIIHIN TOKY /IS BapiaHTIB 3 MOJIe-
nsimu TypOynentHocti SST GT Ta SST.

Puc. 8. Jlinii Toky npu pizHHX
MOJIETISIX TYPOYJISHTHOCTI:
a — MOJIENIOBaHHs 3 Mojielutio TypOynetHocti SST GT,
0 — MOJIEIIOBAHHSI 3 MOJIEIUTIO TypOyaeTHocTi SST

JIis moaneMx TOCHTIKEHb 3 BIUIMBY PO3MipHO-
CTi CITKM Ha pPe3yJabTaTH MOJEIIOBAHHSA 00pPaHO MOJENb
SST.

Ha puc. 9 npencrapiieHi po3noAiii BENIWIWHA BiJl-
HOCHOI BTpPAaTH THCKY B PELIITII BiJ MPUBEACHO! IIBHUI-
KOCTI TIepeJl PElIiTKOI Ul Pi3HUX PO3PaxyHKOBHX Ci-
TOK. SIk BUIHO HaiOimbNry 30DKHICTH 3 pe3ylbTaTaMH
OTPUMaHUMH B eKCIIEpHMEHTI Mae citka Ne3.
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Ha pucynxy 10. mpezacraBieHi po3momiiii Benu-
YMHH KyTa BiZICTABaHHS IOTOKY Ha BUXO/I 3 PEIIiTKH JIJIs
PI3HUX PO3PaxXyHKOBHX CITOK.
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Puc. 9. BinHocHa BTpaTa TUCKY B PELIiTII
JUISl pI3HUX BapiaHTIB CITKA

3rifiHO 3 OTPUMaHMUX PE3YyJIbTATIB, BEIMYMHA KyTa
BiJICTaBaHHS MOTOKY Ha BHXOJIl 3 PEIIITKH HE 3aJIe)KUTh

BiJl pPO3MIPHOCTI CITKH.
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Puc. 10. Kyt BijicraBaHHS IOTOKY Ha BUXOJi
3 PELITKU TS PI3HUX BapiaHTIB CITKH

OtpuMaHi pe3ynbTaTh PO3PAXYHKIB J03BOJISIOTH
cTBepKyBaty, mo Ansys CFX Mozentoe 3 T0CTaTHBOIO
TOYHICTIO Ta30[UHAMIYHI MPOLECH, IO MPOTIKAIOTh B
KOMIIpecopi 3 ABOPAIHUMU JIoNaTkaMu. Tako, MOJENb
TypOynenTHOCcTI SST nmae HalGITBITY 301KHICTD Pe3yib-
TaTiB MOZIETIOBAHHA 3 pe3yIbTaTaMH PO3PaxyHKiB, CiTKa
Ne3, mo BiamoBimae 50 poO3paxyHKOBHM KOMipKaM
B3I0BXX XOpJH JIOMATKHY, A€ HAMOUIBITY 301KHICTE IPH
BHU3HAYCHHI BTPAT TUCKY B PEIIITIIL.

Otxe, AN TOAANBIINX OCHIHKEHb OOMPAETHCS
Mozenb TypOynentHocTi SST Ta po3MipHICTh CITKH 3 He-
MeHIe 50 po3paxXyHKOBUMH KOMipKaMH B3JIOBXK XOPIH.

BucHoBxknu

OTpumaHi pe3ylbTaTH TECTOBOI 3aadi MOMEIIO-
BaHHS Tedii y JBOPSIIHIH KOMIIPECOPHIN TO3BOIHIHN 00-
paTi Uil NONaibIIMX JOCIHiIKEHb XapaKTePUCTHK JIBO-
PAAHUX JIOTMATKOBHUX BIiHINB MOAETh TYpPOYIEHTHOCTI

SST Ta posmipHicTb ciTku 3 HeMeHme 50 po3paxyHKO-
BUMH KOMIpPKaMH B3/I0BXK XOPJIH.

HampsiMoM momanemmx —JTOCHIPKEHb €  JIOCIHi-
JUKEHHSI XapaKTepHUCTHK JBOPSIHOrO pobodoro Koieca
0CBbOBOT'0 KOMIIpecopa.

Buecok aBTOpiB: QopMynoBaHHS 3a/1adi, penary-
BaHHSI — FO. M. Tepemmenko; po3poOka JTOCIiTHAIBKOrO
CTeHIy, aHaTi3 pe3yabrariB — P. B. Jlamiii.

Konguaikr inTepecis
ABTOpH 3asIBISIIOTH, 1[0 HEMa€e KOH(DIIIKTY iHTEpe-
CiB MO0 IIOTO JOCIIHKEHHS, (hiHAHCOBOrO, OCOOMC-
TOr0, aBTOPCHKOIO YU 1HIIIOTO, SIKUM MITr OM BIUIMHYTH Ha
JIOCITIJIKCHHST Ta HOro pe3yabTaTH, MPEACTaBIICH] B Ii
CTaTTi.

®diHaHCyBaHHA
JocnimxenHs mpoBoauiocs 0e3 QiHaHCOBOI MiAT-
PHMKHU.

HasiBHicTL 1aHuX
Pykoruc HeMae CymyTHIX JaHHX.

BukopucTaHHs IITYYHOIr0 IHTEJIEKTY
ABTOpY MiATBEPIKYIOTh, 110 BOHH HE BUKOPHCTO-
BYBaJJM METOJHM IITYYHOTO IHTEJEKTY IIPU CTBOPEHHI
MpeACTaBICHOI pOOOTH.

Yci aBTOpH MPOYMUTANH Ta MTOTOAMIKCS 3 OMYyOIIiKO-
BaHOIO BEPCIEI0 PYKOITUCY
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VALIDATION AND VERIFICATION OF THE TURBULENCE MODEL AND THE CALCULATION
GRID TOPOLOGY IN FLOW SIMULATION IN A TANDEM COMPRESSOR CASCADE

Roman Lapii, Yuriy Tereshchenko

The study substantiates the turbulence model and the topology of the computational grid when modeling the
flow in a tandem compressor cascade. The research object is a tandem compressor cascade. This study aims to verify
and validate the turbulence model and the computational grid topology when simulating the flow around a tandem
compressor cascade. To achieve the goal, the following tasks were solved: a three-dimensional model of the working
medium was built when simulating the flow around the tandem compressor blades; the flow around the tandem com-
pressor blades was modeled using four models of turbulent viscosity SST, SST Gamma-Theta, LRR, k-® was carried
out; modeling of the flow around the tandem compressor blades was modeled using three topological calculation
grids; and the obtained results were evaluated by comparing the results of a numerical and physical experiment. A 3D
model of the stand was built to conduct a numerical experiment of flow simulation, on which 5 blades of the first row
and 13 blades of the second row are placed. To create a calculation grid, a structured grid using so-called O-grid
blocks is built around smooth aerodynamic profiles. Three calculation grid versions were built to carry out the re-
search: calculation grid 1-138340, grid 2-224546, and grid 3-270633 elements. Four turbulence models were tested
in the work — SST, SST Gamma-Theta, LRR, k-o. Results: The obtained calculation results allow us to state that
Ansys CFX models gas-dynamic processes occurring in a compressor with tandem blades with sufficient accuracy.
In addition, the SST turbulence model gives the greatest convergence of the modeling results with the calculation
results. Grid 3, which corresponds to 50 calculation cells along the blade chord, gives the greatest convergence when
determining the grid’s pressure losses. Consequently, the SST turbulence model and grid size with at least 50 calcu-
lation cells along the chord are selected for further research. The scientific novelty and practical significance of the
conducted research are based on the data obtained for the verification and validation of the turbulence model and the
topology of the calculation grid in the simulation of the flow around a tandem compressor cascade.

Keywords: numerical experiment; turbulence model; computational grid; tandem blade; compressor cascade;
flow simulation; mathematical modeling.
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