OHEPI'ETHYECKHUE U TEIIVIOTEXHUYECKHUE [IPOLJECCHI i OBOPYV][OBAHHUE

YIAK 621.515

I''A. BOH/JAPEHKQO, xauj. TexH. HayK; po¢. CyMCKOro rocy1apcTBEHHOIO
ynusepcutera (CymI'Y), r. Cymbl

U.B. IOPKO, acnupant Cymckoro rocyaapctBeHHoro yauBepcureta (Cyml'Y),
r. Cymbl

COIIOCTABJIEHHME PE3YJIBTATOB YUCJIEHHOI'O H ®U3UYECKOI'O
NCCAEJOBAHHA BXOJAHOI'O PEI'YJIMPYIOLLEI'O AIITTAPATA
HEHTPOBEKXHOI'O KOMIIPECCOPA

HIngxoM IOpIBHAHHS pe3ylbTaTiB NOCTIKEHHS IOTOKY 1 XapaKTepUCTUK BXIJHOI'O PeryJIrolodyoro amapary 3
IOBOPOTHUMHM JIOIIATKAMH  BIJIIEHTPOBOIO KOMIIpecopa, OTPHMAaHUX IpH uHcenbHOMY 1 (i3uuHOMY
€KCIIEpUMEHTAX, B [IOBHICTIO IIOPIBHAHHUX YMOBAX, II0Ka3aHa KOPEKTHICTH MOJEII.

There are shown the correctness of the numerical model by comparing the results of the study flow and
characteristics of the variable inlet guide vane with rotating blades for a centrifugal compressor, which is
obtained by numerical and phyﬂical experiments

Bxonnbie perynupyroue annapatsl (BPA) — 3710 ycranaBiauBaemble Ha BXOJE B
MIPOTOYHYIO YacTh TYpOOKOMIPEccOopa OCEBbIE WM PaJUAIbHbIE PEHIETKH C MOBOPOTHBIMU
JonaTKaMHM, IMO3BOJIIOUIME J0CTaTOYHO I(GGEKTUBHO PEryiupoBaTh MPOU3BOIUTEIbHOCTD
KOMIIpeccopa B ILIMPOKOM JMara3oHe. B HacTosiiee BpeMsi HaOIIOJAeTCsl yCTONYMBAs
TEHACHLMS K MCIONb30BAaHUIO TAaKOrO METOAA PEeryJupoBaHUS ISl OJHOCTYNEHYAThIX
LHEHTPOOEKHBIX KOMIIPECCOPOB pPA3IHMYHOTO TNPUMEHEHUs: HarHeTarened, BO3AyXO— H
ra3ofyBoK, JAbIMOCOCOB M Jp. C IOSBIEHHEM MHOIOBAJIbHbIX MYJIbTUILIMKATOPHBIX
KOMIIPECCOPOB BMECTO MHOTOCTYIIEHUYATHIX, peryjaupoBaHue mnocpencrsoM BPA  rakux
MallMH CTajl0 JOMUHHUPYIOLMM Oyarofapsi KOHCTPYKTUBHOM CXE€ME MHOIOBAJbHOTO
KOMIIpeccopa, IA€ KaxkJaas CTyIeHb pacloylaraeTcs aBTOHOMHO BOKPYT LIEHTPAJIbHOIO
npuBoAHOro 3yOuaroro kosneca. B rtakux mammHax BPA wucnonb3ylor kak Ha nepBoi
CTYIICHHU, TaK U, IIPU HeO6XOI[I/IMOCTI/l, Ha MNOCJICAYIOIIUX.

KommiekcHbie uccnezoBaHusi peryjiupoBaHus CTyneHH nocpeactsom BPA  [1],
[I0Ka3aju, 4YTO B JIONATOYHOM pEHIEeTKE MMEIT MECTO 3HAUUTEJIbHBIE IIOTEPU 3HEPIUH,
OCOOEHHO IIPU CUIBLHOM OTKJIOHEHHUH YIJIOB YCTAHOBKM JIOMATOK OT MCXOJIHOI'O IOJOKEHHUSI.
OTu noTepu NpUBOAAT K 3HauuTenbHoMy cHikeHuto KIIJI ctynenu (mo 2-3 % u Oonee), uto
CETrOHsI HE MOYKET CUMTAThCs JOIYCTUMBIM.

JletanbHble DKCIIEPUMEHTANIBHBIE MCCIIeNOBaHUA cTyneHed ¢ BPA B cuny
MHOTOOOpa3usi KOHCTpyKUMi crtymeHeit u BPA He npeacTaBasiiorcs BO3MOMKHBIMHU.
[TosiBIeHME NOCTATOYHO HAEKHBIX MPOrPAMMHBIX KOMIUIEKCOB CYIIECTBEHHO O0JeryaroT
3a7a4y MCCIENOBaHUS M onTumuzauuu. Hanpumep, Takoll MOAXOX MCIOJIB30BAH IIpU
ONTHMMU3ALMK HAIpaBJISIIOLIEN pelleTKU TypOuMHHOW cTyneHu [2]. B pabote, B uacTHOCTH,
JI0OKa3aHa BO3MOJKHOCTb MCIOJIb30BaHUA YMUCICHHOIO HCCJIEN0BAHUA H30JIMPOBAHHOMN
pELIETKH BMECTO (PU3UYECKOTO IKCIIEPHUMEHTA.

OcHOBBIBasICh Ha 3THX M APYIHX JaHHbIX, B HacToslled pabore ObLia IOCTaBJIEHA
LE/Ib MPOBEPUTH BO3MOXKHOCTh MCIOJIB30BAHUS YUCICHHOTO UccaeaoBaHust oceBoro BPA, mo
CyTH, SBJISIFOLIErOCs TAK/KE Hallpapisitollled perieTkoil. OnHaKo, €ciav COIUIOBOM arapar
TypOUHBI NPEACTABISET COOON HENOIBUKHO YCTAHOBJIEHHBIE B ONTMMAJILHOM I0JIO)KEHUU
JIOTIATKU C adpOJMHAMHUYECKH COBEpLIEHHBbIM TpoduneM, To BPA — peletka ¢ jgomaTkaMmu
CUMMETPHUYHBIX TNpOoQuIeH ¢ MEepeMEHHBbIM YITIOM YCTaHOBKHU. OOTeKaHHE JIOTNATOK MpU
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MEPEMEHHBbIX yTriaX MOBOPOTA 3aBEeOMO HE ONTUMAIbHO U TeM Oolblle, 4em OoJblie
OTKJIOHEHHE yTJia MOBOPOTa OT MCXOAHOTO (OOBIYHO COBMNAJAIOLIET0 C HAMpPaBICHUEM
teuenus). BPA umeroT cneuuduyueckue KOHCTPYKTUBHBIE OCOOEHHOCTH: KOHCOJIbHbIE BPA
HE MMEIT BHyTpeHHeill oOeualiku, BPA c LeHTpanbHbIM TEIOM OOBIYHO BBIMOJHSIOT C
JOMNaTKaMH, COCTOSILMMM M3 JBYX 4YacT€d — HENOJABM)KHbIM INPEIKPBUIOK MU IOBOPOTHBIN
XBOCTOBHK (CM. pucC. 1).
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Puc. 1. BxomHO# perynupyronui anmnapar B COCTaBe CTyIECHH

Kpome Toro, npu nosopote JI0NaTroK, yCTAHOBJIEHHbIX B LIUJIMHAPUYECKOM BXOIHOM
naTpyoke oO0pa3yercss 3a30p MEXKIy TOPLOM JIONATKM M BHYTPEHHEH I0BEPXHOCTHIO
naTpyoxa. Bc& 370 cBUIETENbCTBYET O CYIIECTBEHHOM OTIMYMU TeueHus B peuietke BPA ot
HamnpaB/AOIIEH  pemeTrkn TypOMHbI M HEOOXOAMMOCTH  IMOCTAHOBKM  YHCIEHHOTO
uccnenosanust BPA.

OObexkTOoM uccienoBaHUs ObLT BbIOpaH BXOAHOH peEryJupymolui anmnapaTr (CM.
puc. 1), 1ocTaTOYHO MOAPOOHO HCCIAENOBAHHBIM HAa BO3AYLIHOM a’3pOAMHAMHYECKOM CTEHIE
craTudeckux mnpoAyBok [l]. HccienoBaHue CTpyKTypbl IOTOKa B cedyeHuu 3a BPA
[IPOU3BOJWIOCH 30HIMPOBAHMEM KOMOMHUPOBAHHOHM HAcaJKoW ©O 1Iary peLEeTKd B
HECKOJIBKHUX CEYCHHUIX IO BBICOTE JIOIIATKH. HOHy‘{eHHbIe JAHHBIC IO CTPYKTYPE IMOTOKA 3a
BPA B Buae smwoop pagualibHOrO pacrpeesieHs KUHEMAaTUYeCKUX NapamMeTpoOB M MOTEPb,
JMHUN TOKa, a Tak)Ke MHTEerpajibHble Xapakrepuctuku BPA — kodpduuueHtsl norepp u
pacxoja, UCIOJAb30BaHbl HUXKE MPU BEPUPUKALUY PACUETHON MOJEIIN.

B cooTBeTCcTBHY € MOCTAaBIEHHON LENbI0 ObUTH CHOPMYIMPOBAHBI 3aJa4H:

— C03/1aTh YMCIEHHY10 MoJelb BPA;

— PeLUUTb METOAMYECKHE BOIPOCHI;

— BBIIOJIHUTBE YHCJIEHHOE UCCIeA0BaHUE NMOTOKa 3a pewerkoil BPA npu paznuunbix
yriax noBopoTa JOIaToK;

— CPAaBHUTH PE3yJIbTaThl YUCIEHHOIO U (PU3MUYECKOT0 UCCIEI0BAHUN.

PacueTHoe wuccrnegoBaHME MPOBOAMJIOCH C  MUCMONB30BAHMEM  MPOTPAMMHOIO
koMmIuiekca FlowVision [3].

N3yuaemast o0OnacTh TeueHUs oOrpaHuyMBanach ceueHusMu a—0 (cM. puc.l) u
nepudepuiiHpIMM U BTYJOUHBIMM 00BOJamu BXoaHoro mnarpyOka. [lo 3agaHHbIM
reOMETPUUECKUM TapaMerpaMm B mporpamme SoilidWorks ObLIM MOCTpOECHBI TBEPIOTEIbHBIE
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MOJI€/IM BXOJHOI0 pPeryIupyIoLero anmnapara ¢ yrjlaMu yCTaHOBKM 3akpbuika 0 paBubimu 0°,
15° 30° u 45° (cm. puc. 2a, 6). Tak kak TeueHue B kaHanax BPA HOCUT oceCHMMETPUUHbII
XapakTep, TO A1s pacuéra ObLT MCMOJB30BaH CEKTOpP MOJAEIM, paBHbIH 1/5 wactu. 370
MO3BOIMWIO NPU OJHOM M TOM K€ BPEMEHM pacuéTa yBEIMYMUTh YHCIO A4YEeK B 001acTH
TEYEHWs, [103BOJIMB TEM caMblM 00jee [eTadbHOr0 M3YduThb CTPYKTYpY [OTOKa,
dbopmupyemoro B BPA. Jlna o0ocHOBaHMsS BO3MOKHOCTH HCIOJIb30BaHUS CEKTOpa s
pacuéra, ObLIM BBIUMCIECHBI 3HAUCHHUA WHTEIPaIbHBIX XAPAKTEPUCTHUK IS CEKTOpa U A1d
noiaHoi monenu BPA. CpaBHenue NOJIY4YEHHbIX 3HAYEHUIl [10KA3ajl10, YTO Pa3HULIA MEXKIY
HUMU HE [IPEBLILIAET [1OIPELIHOCTH BbIYUCIEHUS.

CxemaTHUECKOE pacroJIOKEHHUE I'PaHUYHbIX YCJIOBHUH NpE/CTaBlIeHO Ha puc. 26. Ha
BXOJ€ B pacueTHYI 001acTh (KOHTPOJILHOE CEYEHHME d—d) B KAUeCTBE IPAHHYHOIO YCIOBHSA
ObL1a 3aJaHa ctaTuyeckas temneparypa 1, = 290 K u nonHoe nasneHue pu* = 100000 I1a. Ha
BbIXOJIE M3 pacyeTHoil obOnactu (koutpoiabHoe cedyenue 0-0) 3agaBanach HopMalibHas
maccoBass ckopocTh. ['pannuHomy ycrnoButo «CreHkaBPA» u  «JlomatkuBPA»» Obin
npucBoeH Tun rpaHulibl «CTteHka». [lpu penieHuu cektopa ObL10 100aBIeHO el OIHO
rpaHUYHOE YCIOBME — MEPUO/IMKA, KOTOPOE CBA3bIBACT JBE DOKOBBbIE CTEHKH MEkIY cO0O0i
JUIs KOppeKTHoro pacueta. Ilepuonnyeckoe rpaHH4YHOE YCIOBHME MO3BOJSET MNepenaBaTh
3HAQYEHHMS] PACCUMUTHIBAEMbBIX MEPEMEHHBIX C OJHOM YacTH Ha JPYryw, 4YTO MO3BOISET
YUUTBIBATh OOKOBBIE NepeTekanus padoueil cpennl. boina Beibpana «Shear Stress Transporty»
(SST) momens TypOynaeHTHOCTH Kak Haubonee MOAXOASIIAs s 3a7a4y TCUYCHUS rasa B
kananax typoomammn [4]. dna getanbuoro ucciaenoBanus Tteuenus B BPA  Obuia
UCNONb30BAaHA MPAMOYIONbHAs AaJanTHUBHAs JOKalbHO-U3MenbueHHas cetka (AJIMC).
Pacuernas obnacts pazdura Ha 200000 pacyeTHbIX S4€EK, CO BTOPLIM YPOBHEM ajanTalliu
1o rpaHu4yHoMy ycioBui «JlomatkuBPAx». lllar unrerpupoBanus 3aaaH uuciom CFL =S5.
MaxkcuManbHBIil 11ar MHTErPUPOBaHUs 3aaaBasncs He Oonblie yeM 1/10 nponéTHoro BpeMeHu
4acTUUbl OT BXOJA K BbIXOLY. YCIOBUEM 3aBeplIeHUs pacuéra CIYKUI0 PaBEHCTBO
MAacCOBbIX PACXOJ0B Ha BXOJIE€ B PacueTHYIO 00/1aCTh U HA BbIXOJE U3 HEE.
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Puc. 2. Teepaorensusie Monenn BPA npu 6 = 0° (a) u 6 = 45° (#) 1 rpaHUTHEIE YCIIOBHSA (&) MOJIETH

YucaeHHOe MUCCIEA0BAaHUE NPOM3BOAMIOCH MpPU TEX XK€ 3HAUEHUSAX YIJIa IOBOpOTa
XBOCTOBHUKOB, 4TO 4 B onbiTax [1]: 6 =10° 15° 30° 45° Ha puc. 3 npeactaBieHbl HEKOTOphIE
HauOO/€e XapaKIepHbIE pPEe3y/bTaTbl YMCIEHHOI'O MCCIEJOBAHWUA B BUJE I0JNEH NOTEPh B
ceuenuu 0'—0".

Obpainaer Ha ceds BHUMAaHUE CYHIECTBEHHOE YBEIMUEHHE HEPABHOMEPHOCTH Moeit ¢
yBEJIMYECHHMEM YIJa MOBOpPOTa J0mNaTok. 3akpydeHHblii B BPA norok noa jaefictBuem
LHEHTPOOEKHBIX CHJI OTKMMAETCSd K HapyKHOMY O0OBOJy, aKTHBHAs BbICOTA JIOMATOK
YMEHBIIAETCsl, AOCTUras NPUMEpPHO NoaoBUHbL npu O =45° Pe3ko yBenuuuBaeTcs pasmep
00/1aCTM M MHTEHCUBHOCTb KOHLIEBBIX fABJICHUI Y TOPLIOB JIONATOK, OCOOEHHO Y HAPYXKHOI'O
00BO/a. ITO 0OYCIOBIEHO KaK BTOPUYHBIMHM SBICHUSIMH B KaHajlax pELIETKH, Tak M
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HaJIUM4YMeM [epeTeKaHus [OTOKa uepe3  3a30pbl
UWIMHAPUYECKUMHU CTEHKaMu (cM. puc. 36). IlpuBeneHHbIe MO B MOJHON MEPe OTPaKaOT
(husnyuecKue mpeacTaBlIeHUs O ra30MHAMKKE MOTOKA B PEIIETKAX.

MeXAy TOopuamMu JIONaToK U

a, 6 — TIoJIA IOTEPb; 6 — JIMHHUU TOKA; ¢ — U30JIMHUU ITIOTCPb

Puc. 3. Pacnpenenenue nmoreps y IepA(pepru U B KOHTPOJIBHOM CE4eHUH

JUist Iony4eHus: KOJTMYECTBEHHOM OLIEHKM B BHUJIE JIIOP paclpeieieHus NapaMeTpoB NOTOKa
B0JIb BBICOTHI JIOMATKH, ObUIa pa3paboTaHa U MMIIOPTUPOBAHA B MPOrPAMMHBIN KOMILIEKC
«FlowVision» BcromorarensHas Excel mporpamma o00paOOTKM YHCICHHBIX JAaHHBIX B
BbIOPAHHBIX CeUEHMsIX. PacueTHble cedeHus: BIOMPATUCh B T€X 7K€ MECTAX, YTO U B OTIBITAX, &
[IPUMEHSEMbIE PacUeTHbIE (HOPMYJbI ObLIM AHAJIOIMYHbl MCIIOJIB30BAaHHBIM IIPU 00padoTKe
OIIBITHBIX JaHHBIX.
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Puc. 4. PacnpeﬂeneHHe YI'JIOB BbIXOJA ITOTOKA 11O BBICOTE JIOIIATKH

IIPpH pa3HBIX yIJIaX [IOBOPOTA XBOCTOBHKA

5°2011

CpaBHEHHE pACUETHBIX U
OTBITHBIX JAHHBIX TNPUBEICHO Ha
puc. 4 u puc. 5.

[Tpu CpPaBHEHUH
pe3yabTaToB  CJEAyeT  HUMETh
BBUAYy, uro BPA He sBusercs
a’pPOJMHAMUYECKU  COBEPLICHHOU
JOMATOYHOM pEeleTKOH B TOM
MOHUMAHUH, Kak 3TO
BKIIAJbIBACTCS,  Hampumep, B
COIJIOBBIE peLIeTKH TypOoun. B
BPA  umeer  MecTO  H3JIO0M
00TeKaeMbIX npoguiei,
o0Opa3oBaHHEe TOPLEBBIX 3a30pOB,
BO3HMKAIOT 30HbI OTPBIBOB MOTOKA,
UHTEHCUBHOIO0 BUXPEOOpa30BaHMUs,
BHYTPEHHUX Iepereuek u 1p. B
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TAKHUX YCJIO0BHUAX BpsAA JIHU JOCTHKHUMA BbICOKAsA TOUHOCTb YHMCICHHBIX HCCJ’.[G,ZLOB&HHFI.
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Puc. 5. KoadpuunerT noreps npu pa3HeIX yriax NOBOPOTa XBOCTOBHKA

Ecan mpu maneix yriaax noBopoTa J0HNAaTOK COBIAAEHHE YITIOB BbIXOAA IOTOKA O U
Ko3(puuuenta noreps { MOMKHO CUUTATh XOPOLUMM, TO C YBEIHYEHHEM YIJa [10BOpPOTA
HaOJII0aeTCs HEKOTOPOE pACXOXKIEHHE pACYETHbIX M 3KCIEPUMEHTA/bHBIX 3HAYCHMUI,
YBEIHYUBAIOLIEECS 10 MEPE IOBOPOTA JOMATOK. 31€Ch HYKHO OTMETUTb, YTO IKCIEPUMEHTHI
ObLIM NPOBEJEHBI C UCMOIb30BAHUEM IATUKAHAIbHBIX LIAPOBBIX 30HI0B AMAMETPOM 2,5 MM,
T.. M3MEPEHUs Helb3sl CuuTaTh ToueuHbIMU. llpu 00padoTke pe3yabTaTOB H3MEpPEHHIl
MCIOJb30BATNCh TAPUPOBOYHbBIE XaPAKTEPHUCTUKN 30H/1a, UYTO TaK K€ BHOCHJIO MOIPEUIHOCTE.
OcHOBHas 7K€ MOTPEHIHOCTb B ONBITAX HMENA MECTO MPH OCPETHEHHUU PE3YIbTATOB TOUCUYHbIX
M3MEPEHUIl IPU TPaBePCUPOBAaHUM 30HIOM IIOTOKA IO 11ary, OCOOCHHO MPU OYEeHb OOJIbLIOH
HEPAaBHOMEPHOCTH MOTOKA B M3MEPHUTEIBHOM CEYEHWH MNpH OONbIIMX YIAax [OBOPOTa
nonatok BPA. Oco0eHHO 3aMeTHO 3TO MPOABMIOCH B MPHUKOHIIEBBIX 007acTAX M 30HAX
KPOMOYHBIX CJEIOB J0ONATOK. Te€M He MEeHEee, MPOBEJACHHOE CpPABHEHHME pACUETHBIX W
IKCMEPUMEHTANbHBIX PE3YIbTATOB AEMOHCTPUPYET JAOCTATOUYHYIO 1S MPAKTUUECKUX llenei
KOPPEKTHOCTb PACYETHOH MOJIENH.

Ha ocuoBanuu npoBeIeHHOrO MCCIEJOBAHUSA MOJKHO CAEIATh BLIBOA O BO3MOKHOCTH
IOPUMEHEHUS YUCIEHHOIO MOAEIUPOBAHUS C MCIOIb30BAHMEM IPOrPAMMHOIO KOMILIEKCA
FlowVision ans pacueToB, WCCIENOBaHMS M ONTHMM3ANUH BXOJAHBIX PEryJIHPYIONINX
annapaToB LIEHTPOOEKHbBIX KOMIPECCOPOB.
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