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AKTYaALHOCTL pa6oTLl OGYCAOBAEHA BO3MOMKHOCTLIO PACWIMPEHMST AMa-
nasoHa 3(ppeKTMBHONM PaBoThl TyPOOMALMHBI 3a CHET U3MEHEHMST CXEMDI
ABVKEHMSI MOTOKA TEKYYErO OT CTYMEHM K CTYMEHM.

LleAb pa6oThI: YCTAHOBAEHME PALIMOHAABLHLIX PEKMMOB paboTil Typboma-
WWH C KOAKCMAALHO YCTAHOBAEHHBLIMM PAaBOUYMMM KOAECAMM.
MeToAOAOIMsI MCCAEAOBAHMS: VICTIOAL3OBAH CUCTEMHDIM MOAXOA, BKAIOHA-
IOLMI AHAAM3 PE3YALTATOB MATEMATUYECKOTO MOAEAMPOBAHUSI U SKCTEPU-
MEHTAABLHBIX UICCAEAOBAHUI.

Pe3yarTatnbl. [TPOBEAEH aHAAV3 BAMSIHUSI PEXKMMOB PABGOTLI (HAMPABAEHMSs!
BpaweHusi paboumx KOAEC M 3HAYEHME UX OKPYIKHLIX CKOPOCTEN Bpalle-
HUsI) HA AQBAEHVE, PasBMBaeMOe TypOOMAaLMHON. [Py MCcreAoBaHMM aHa-
AVBMPOBAAMCL ABA BapUaHTa paboThl YCTAHOBKM: BPALIEHUE KOAEC B OAHOM
HarpaBAEHWUM; BPALIEHME KOAEC BO BCTPEYHOM (MPOTMBOMOAOXKHOM) Ha-
npaBAeHun. [TpOBEAEHHbIE TEOPETUYECKME UCCAEAOBAHMSI OCHOBLIBAAMCD
Ha OBLWEN3BECTHOM TEOPUM DAAEPA C UCTIOAL3OBAHMEM HEOOXOAMMBIX AO-
MyLWeHUN: OCPEAHEHME MO CEYEHMIO BCEX MAPAMETPOB MOTOKA; ABV)KEHME
B PabouMx KoAecax MPUHUMAAOCL OAHOMEPHBLIM U OCECUMMETPUYHDLIM;
paboune KOAeCa MMEIOT BECKOHEYHOE YMCAO BECKOHEYHO TOHKMX AOMAC-
Tell; MOTOK TEKYYEro He OOAAAAET BSIBKOCTLIO, BAMSIHUE CUA TPEHUsI OTCYT-
crByeT. Ha crneuvaabHO CrpOeKTMPOBAHHOM a3POAVHAMUYECKOM CTEHAE
SKCMEPUMEHTAALHO MOAYHEHDLI ASPOAMHAMUYECKME XAPAKTEPUCTUKM LIEH-
TPOGEXKHOW TypOOMALMHLI C KOAKCMAALHBLIM PACMIOAOKEHMEM PaBOUMX
KoAec. [TpeACTaBAEHbI HAMOPHO-PACXOAHBIE XaPAKTEPUCTUKM, MOAYHYEHHbIE
TEOPETUYECKM U SKCMIEPUMEHTAALHO.

3akaroueHne. VICMOAL3OBAHME KOAKCMAALHO PACMOAOMKEHHLIX PABOUMX
KOAEC CMOCOOCTBYET MOBLILIEHUIO PA3BMBAEMOTO AABAEHWSI M MO3BOASIET
pacwmpuTh AManasoH 3ppekTMBHOM paboTbl LEHTPOBEXKHLIX TypOoma-
wyH. Hanboaee paumoHAALHLIM PEXXMMOM PABGOThI KOAKCMAALHO YCTAHOB-
AEHHDLIX PABOYMX KOAEC SIBASIETCS PEXKMM BCTPEYHOTO BpalueHusl. [ToBbi-
WEHNE AABAEHMsI, PA3BMBAEMOro TypOoMawunHon npy pabore B AAHHOM
pekume, OGOCHOBLIBAETCSI TEOPETUHECKM U MOATBEPIKAAETCS SKCMIEPUMEH-
TaAbLHO. AOCTAaTOYHAsI CXOAVMOCTDL MPOBEAEHHDLIX MATEMATMHECKMX M KC-
MEPUMEHTAALHBIX MCCAEAOBAHMI FTOBOPUT O AOCTOBEPHOCTM MOAYYEHHDIX
PE3YALTATOB.

KatoyeBble caoBa: LEHTPOOEXKHas TypOOMAlMHA; KOAKCMAALHOE Pacrio-
AOXKEHME; HAMOPHO-PACXOAHASI XAPAKTEPUCTMKA; SHEPrOOBMEH; PEXMM
PaboTbi; CTEHA.

eHTPOOEXHbIe TYpOOMAIINHBI COCTABMIAIOT 3Ha-

YUTEIBHYI0 YaCTh HACOCHBIX, BEHTM/IATOPHBIX

U KOMIIPECCOPHBIX YCTAHOBOK, HCIIO/Ib3yeMBIX
MPAKTUYECKM BO BCEX OTPAC/AX XO3AMCTBEHHO [JesATeIbHOC-
i denoBeka. O6IIMpHas 06/1aCTh MCIIONB30BAHMS 3a4ACTYIO
IPOJMKTOBaHAa MX BBICOKON HaJe)KHOCTBIO, IIPOCTOTOM KOH-
CTPYKLIUY ¥ MAJIOV CTOMMOCTBIO.

CoBepIIeHCTBOBaHNE COBPEMEHHBIX KOHCTPYKLINUIT I[eHT-
POOGEXHBIX TYpOOMAIINH U/ET [0 IyTH Ja/IbHEIIIIEr0 YBeIn-
YeHIsI Ye/IbHOI MOIJHOCTH IIPU OFHOBPEMEHHOM YXKeCTOUe-
HIU TPeOOBaHMIT 110 9HeProdpPeKTUBHOCTHU, HALIEKHOCTI 1
pecypcy.

Hapsay ¢ mouckamu myTeit yydieHss KOHCTPYKTMBHOTO
VICTIOJTHEHU A LIeHTPOOEXXHBIX TypOOMAIINH He IpeKpallaeTcs
COBEPIIEHCTBOBAHIE METOAMK PacdeTa NX ra30HaMIIeCKIX
XaPaKTEPUCTUK, Pa3pabaTBIBAIOTCSI HOBbIE MATEMATUYECKVE
Mopenyu pacdera, Goree IONHO OTPaKAKIIMe 0COOEHHOCTH
pabouero mporecca [1-3].

OpnHako aHanmu3 paboOTHI CYLIECTBYIOIVX KOHCTPYKIINIL
TypOOMAIINH MHO-TIPeKHEMY BBIABIAET HEJOCTATKHU, Ha/INU-
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4ye KOTOPBIX B COBPEMEHHBIX YCIOBMAX IIPOM3BOJCTBA SIB-
NAeTCs HelpueMIeMbIM. [JaHHBIe HEOCTATKU BBIPAXKAIOTCS B
BIJIe Y3KOTO AMana3oHa 9¢pexTuBHOI pabOThI, HOHV>KEHHON
9HeproadPeKTNBHOCTM Ha HEPACUYETHBIX PEKMMAX M HUZKUM
3HaueHMeM ruppasmdeckoro KIIJI.

CyulecTBOBaHME NAaHHBIX HEJOCTATKOB BO MHOTOM 00-
YCTIOBJIEHO KOHCTPYKTMBHBIM WCIOJTHEHMEM TypOOMAIINH,
a MMEHHO HaJM4yeM 3JIEMEHTOB C BBICOKMMM 3HAYeHUAMMU
TU/PABINYECKNX IO0Tepb. K TakuMm smeMeHTaM OTHOCSITCS
I[IepeBOJ{HbIe KaHA/IBI MHOTOCTYIIEHIAThIX KOHCTPYKIIWIT [IeH-
TpobexHbIX TypboMauH. JJo/ms TUApaBIMIecKuX I0Tepb B
IAHHBIX 97IEMEHTAX COCTaB/IsAeT OKoIo 50 % [4].

IToBbieHne 3HeprosG@eKTUBHOCTU WU3BECTHBIX KOH-
CTPYKILUIT MHOTOCTYIIEHYAThIX IIEHTPOOEXKHBIX TypOOMAIINH
CYLIECTBYOLIVMY METOAMY OITMMM3ALNI BO3MOXKHO JIVIIb
B HeOO/IBIIOM AMamasoHe. PacimmpeHune ke [AuamasoHa 3¢-
¢bexTuBHOI PabOTHl TYpOOMAIINH CTAHOBUTCS BO3MOXKHBIM
B pesy/IbTaTe paspabOTKM a/IbTePHATHBHON CXEMBI [[BVDKECHIs
IIOTOKA TEKY4ero OT CTYIeHM K CTYIeH, 6e3 IpYMeHeHMs CU-
CTeM IIepeBOHBIX KaHasIoB [5].

B kadecTBe MAQHHOI a/JbTEPHATMBBI MOXKET CTaTh L|EHT-
pobexxHas TypOOMalIMHA ¢ KOAKCUAIbHBIM PACIIONOXKEHUEM
pabouux xonec [6].

[Tox 1eHTPO6GEXHON TYpOOMAIIMHON C KOAKCHATbHBIM
pacronokeHneM pabounx Kojec IofpasyMeBaeTcs Takas KOH-
CTPYKIUA, B KOTOPOIT paboyee KO/IECO OIHOIN CTYHEHM COOC-
HO pacIoyiaraeTcst BHyTpyu pabodero Kojeca fpyroit CTyIeHN
(puc. 1), mBIDKeHMe IOTOKA OCYIIECTBIIACTCSA HANPAMYIO OT
OJfHOTO KOJIeCa K IPYroMy, 0e3 MpuMeHeHNs CUCTEM IIePeBOf-
HbIX KaHaJIOB.

DakTOB MCIONB30BaHMA IEHTPOOEKHBIX TYpOOMAIINH
C JJAaHHBIM KOHCTPYKTUBHBIM pelIeHNeM JI0 HAaCTOAIIEr0 MO-
MEHTa HeT, COOTBETCTBEHHO OIIbIT IKCIIEPVMEHTA/NBHBIX U
TEOPETHYECKNX MCCAENOBAHNMIT C HUMH OTCYTCTBYeT. OfHAKO
CllefyeT OTMETHUTb, YTO AAHHOE KOHCTPYKTMBHOE pelleHue
aKTUBHO HCIOIb3YeTCs] B OCEBBIX TypbomaurnHax. OHO 3a-
JIOKEHO B HPUHIMIE PabOTBl MHOTOCTYIIEHYATBIX OCEBBIX
typboMamnu [7], a ucxopmsa M3 OOLIHOCTY IIPOUCXOAAIINX
BHYTPEHHIX IIPOLIECCOB OCEBBIX U LEHTPOOEXHBIX TypOOoMa-
muH [8, 9], MOXXHO ce/IaTh IpeAIIoIoKeHre 00 YCIIeITHOCTI
[IPUMEHEHNs JAHHOTO KOHCTPYKTUBHOTO PelIeHNs U B LIeHT-
POOEXHBIX TypOOMaIIIHAX.

B ocHoBe paboThl TypOOMAIIMHBI C KOAKCHATBHBIM Pac-
HOTIO’KEHNEM PabouMx Ko/lec JIKUT PaBeHCTBO, MCIOb3ye-
Moe IIpY aHa/IM3e COBMECTHOI PaboThI TypOOMAIINH C [OCTIe-
JOBATEIbHBIM COEJHEHIEM:

Q=Q=Q
H +H, =H.

Kak u B m060oM apyrom Tuie TypOOMAlIMH 37eCh KC-
HOJIb3yeTCs] MPUHLMUII CUTOBOTO B3aUMOJIENICTBUS JIONATOK
pabounx Kosec ¥ MOTOKa TeKydero. BenmnmunHa sHeproobMeHa
OnpefensAeTcss FeOMeTPUIECKUMI pasMepaMy pabounx Kojec
(mmameTp, IMMpPWHA, BHIXOJHON YTO HAK/IOHA JIOIATOK) U pe-
KVIMHBIMY IIapaMeTpaMy paboThl (HallpaBIeHNMeM I CKOpO-
CTDBIO BpAIlleHMs).

M3BECTUA YPA/IbCKOI0 roOCYJAPCTBEHHOIO rOPHOIMO YHUBEPCUTETA
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Mynsmunaukame,
Kopnyc Besmunamopa

Hapyxwoe padoyee keneco

[Tpwbodkou fan

Brymperree padoyee koreco

PucyHok 1. LleHTpoGexHass TypGoMalumMHa C KoaKcuarnbHbIM pac-
nosioxxeHmemM pabounx Konec.

Figure 1. Centrifugal turbo machine with coaxial arrangement of
driving wheels.

[Tpuparenue sHeprun (3HepProoOMeH) JBIDKYIIETOCH I0-
TOKA TEKy4ero Ha KOaKCHA/IbHO PACIIOIOKEHHBIX PabOInx KO-
Jlecax CTAHOBUTCSI BO3MOXKHOI 32 CUEeT U3MEHEHNsT OKPY>KHBIX
COCTABJIAIONINX a0COMIOTHBIX CKOPOCTEl! BXOAA U BBIXOJ, T. €.
IpY 3aKPYYMBAaHUM VM PACKPYUMBAHUM PabOUMM KOIeCOM
IIPOXOJSAIIEro Yepes Hero MOTOKA.

BenuuyHa 3HeprooOMeHa MeXAY JIONACTAMU pabodero
Ko/leca TypOOMAIINHBL ¥ IIOTOKOM TEKY9Iero B 3TOM CIIydae
BBIPQKAETCsI BEINYMHON TEOPETUIECKOro AaBieHNs (HAIo-
pa). 3HaueHNUe IOC/TETHET0 HAXOAUTCSA U3 OOIEN3BECTHOTO
ypaBHeHus Jiepa [10]:

H=1/g(uc, -uc,)

17 1u

TJie 4 — OKPY>KHas CKOPOCTb; €, — TaHT€HI[MA/IbHAS COCTAB/IA-
fo1[ast abCOMIOTHOI CKOPOCTIL.

Wupexc 1 ykasbiBaeT mapaMeTpbl Ha BXOfie B pabouee KO-
71eCo, MHJIEKC 2 — Ha BBIXOTIE.

Bemdiaa oKpy>KHOIT CKOPOCTY OTIpefienseTcs 1Mo hopMye:

nDn )
u= s
p (1)

IJie 71 — YacToTa BpalleHus pabodero koneca; D — puamerp Ko-
neca.

TaHreHIMaIbHAS COCTAB/ISIONIAsT A0COMIOTHON CKOPOCTH
Ha BbIXOfie 13 pabodero Kojeca:

¢, =u,-c ctgp, 2)

roe C2r— painanibHasg COCTaBIAIOLIAA a6 COMIOTHOM CKOpPOCTH;
Bz - BbIXO,E(HOIZ YTOJ1 HaKJIOHA JIOIIATOK;

—&zczsina, (3)

c. =
nD,B,

2r

rie Q — pacxop; b — mmpyuHa pabodero Koneca; ¢, — abCoMOT-
Hasl CKOPOCTb Ha BBIXOJIe 13 pab0ouero Kojeca; o — yrom MexXmy
a0 COJIIOTHOII ¥ IEPEHOCHOI CKOPOCTAMIA.

YpaBHeHus (1)-(3) yBs3bIBaloT pasBuBaeMoe TypOoMa-
ILIMHOI [jaB/ieHye OT pacxofa. OHM O3BOMAIOT CYUTh O BIINU-
SIHUM TeOMETPUIECKUX PasMepPOB 1 PEKMMHBIX [1APAMETPOB
paboThI Ha MOTyJaeMble HAIIOPHO-PACXOIHbIE XapAKTEPUCTH-
KU TYypOOMAIIVHBL

Vcnonp3oBaHye OCHOBHOTO ypaBHeHUs Ditiepa Ipy aHa-
nm3e pabOTHI IEHTPOOEKHBIX TYpOOMAIINMH MOfpasyMeBaeT
JICIIO/Ib30BAHIE CIeAYIOIMX HOIYLIeHNIT:

— OCpefjHEeHNe 110 Ce4eHIIO BCeX IapaMeTPOB IIOTOKA;

— [IBIDKeHIe B Pab04MX KOJecax IPUHIMAETCsE OTHOMEp-
HBIM U OCECYIMMETPUYHbIM;

- paboure Koneca nMe0T 6eCKOHEYHOE YICTI0 OeCKOHed-
HO TOHKMX JIOIACTelf;

- IIOTOK TeKyd4ero He o0/afiaeT BA3KOCTDIO, BIMSAHIE CHT
TPEHMS OTCYTCTBYET.

Ha nepBom sTamne nccnefoBannii pacCMaTpUBanIoCh BIVA-
HIle PeKMMHBIX TapaMeTpoB (HaIpaB/IeHus BpalleHns pabo-
9UX KOJIEC M 3HadYeHMe VX OKPY)KHBIX CKOPOCTeil BpallleHus)
Ha pa3ByBaeMoe TYpOOMAIINHON [JaB/IeHe.

IlentpobexxHas TypOOMamIMHa ¢ KOAKCHAIbHBIM PaCIio-
JIOKeHVeM pabo4iX KoJIec, KaK y)Ke paHee TOBOPMIOCD, OTHO-
CITCS1 K MHOTOCTYIIEHYAThIM KOHCTPYKIVsIM. COOTBETCTBEH-
HO BeJIMYMHA Pa3BUBAEMOrO JABJIEHUS paBHA CyMMe [aBje-
HIIL, IPUXOAAIINXCS Ha Kaxjoe pabodee komeco. Eciu ncio
Pabo4NX KOJIeC IPUHATD PABHBIM [IBYM, TOT/IA:

H= H1 + Hz = 1/g (”22C22u - u21C21u) + l/g (ulzclzu - uncnu)' (4)

JlaHHas 3aBMCHMMOCTD OTPa)kaeT BXOJHbIE M BBIXOJHbBIE
TapaMeTpbl, OTHAKO CIelyeT OTMETUTb, 4YTO IIPU MPOBENEHUN
VICCIE[JOBAHVII BXOJHbIE ITapaMeTpbl BHYTPEHHEro pabodero
KO/leca u, ¢, TIPU HEUSMEHHON CKOPOCTU BpAILieHVs TOCTIEN -
Hero He u3MeHsAI0TCcsA. CriefloBaTeNIbHO, IIPY pacyeTe JaB/IeHNs,
pasBMBaEMOro TYpOOMAIINHOM, eCTb CMBICT PacCMaTpUBATh
I €TO BHIXOJIHBIE TAPAMETPBI U C, ) .

B xadecTBe [ONMyLIeHNS TakKe NpUHUMaeM, 4To (IIO-
CKOJIBKY PacCTOsAHUE MeXLy pab04MMy KO/lecaMyt MUHVYMaIb-
HO) IIapaMeTPBsI Ha BBIXOJje M3 BHYTPEHHEro pabodero Komeca
4 C  PaBHBI BXOJHBIM IIapaMeTpaM BHELIHEero pabodero Ko-

12712u

eca u21c21u.

Torga ypaBHeH1e (4) MOXXHO IIPUBECTH K BULY:
H= Hl + Hz = l/g (uzzczzu - ulZCIZu)'

ITpu mccnenoBaHNY paccCMaTpPUBAINCD IBA BapMaHTA pa-
6OTBI YCTAHOBKIL:

1) BpaleHe KOeC B OJHOM HaIlpaB/ICHNI;

2) BpalljeHMe KOJIeC BO BCTPEYHOM (IIPOTMBOIIOIOXKHOM)
HAaIIPaB/IeHNN.

BpaleHne pabounx KOAEC B OAHOM HANpPaBAEHWUU

IIpu naHHOM BapuaHTe paboOThI TypOOMalIMHBI pabodne
KOJIeca BPAIAlOTCsl B OffHY CTOPOHY, HO C Pa3/INIHOI YITIOBOI
ckopocTbio. I[TocTpoeHHBIe TapasIIeNIorpaMMbl CKOPOCTEN II0-
TOKA Ha BBIXOfj¢ U3 PabOYNX KOJEC MMEIOT CIIEHYIOLINIl BILJ
(puc. 2).

Pa6oTa TypOOMAIIMHBI MOXKET OCYILIECTBIIATBCS B CIERY-
IOIUX PeXMMaXx:

Pexum 0, = 0,.

YImoBas CKOpOCTb BpallleH!s (), HApYKHOTO KOJIeca paB-
Ha yIJIOBOJ CKOPOCTU BPAIeHNA (, BHYTPEHHETO Koneca.

ITpu paboTe ycTaHOBKM B TaHHOM pexx1iMe 06a Kojeca pa-
60TalOT KaK OJHO Iie/loe, He OKasbIBasi APYT Ha pyra BO3/eli-
CTBUA. BemnunHa nomHoro passuBaeMoro NaBleHNs COOTBET-
CTByeT 00IMM rabapuTHBIM pasMepaM pabounx xomnec. [Tpu-
HYIMaeM [JAHHBII PeXVM 3a 6a30BBII, TOCIERYIOLIVIE PEXXIMbI
U BapMAHTBI pabOThI OyeM CPaBHUBATH C HUM.

Pexxum 0, > @,.

Yr/0Bast CKOPOCTD BPAIIEHUS (, HAPYYKHOTO Kojteca 6071b-
1ITe yT/I0BOJ CKOPOCTH BPAIlleH!s (), BHyTPEHHETo KoJeca:

VBenuueHne 3HAYEHMsI YIIIOBOM CKOPOCTM HAPY>KHO-
ro pabodvero Komeca Ipy MOCTOSHHOM CKOPOCTH BpAIeHNsI
BHYTpPEHHEro pabodero Kojeca, pyu HEM3MEHHBIX T€OMeTpPH-
YeCKUX MapaMeTpax IPMUBEfeT K CHYDKEHMIO NaBJIeHMNs, pas-
BMBaeMOro TypOoMamHoil (OTHOCUTeIbHO 6a30BOro). 1o
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PucyHok 2. KuHemaTuka notoka npu BpailieHuu paboyux konec B
OAHOM HanpaBfeHUW. » — YroBasi CKOPOCTb; C — abConoTHas CKo-
POCTb; W — OTHOCUTENbHAs CKOPOCTb; U — OKPY>Hasi CKOPOCTb; O — Yrof,
06pa3oBaHHbI abCOMNIOTHOW 1 OKPYXXHOWM CKOpoCTaMU; 3 — yron, obpa-
30BaHHbIV OKPYXXHON Y OTHOCUTENBHON CKOPOCTAMM.

Figure 2. The kinematics of the flow during the rotation of the
impellers in one direction.

BBI3BAHO HEPA3PBIBHOCTHIO MOTOKA (B COOTBETCTBUM C 3aKO-
HOM COXPaHEHIsI MEXaHNYEeCKOII SHEPIUM XUAKOCTY — YPaB-
HeHueM bepuymm) [11].

Pexxum 00, < @,.

Yr/10Bast CKOPOCTD BPAIIEHNS (), HAPY>KHOTO KOJIECa MEHb-
1IIe YI7I0BOJ CKOPOCTY BPAIIEHN (), BHYTPEHHETO KOJeca.

B faHHOM peXume MPOU3ONET MOBBIIIEHNE TIOTHOTO
[ABJIEHMsI 32 CYET YBEIMYEHISI CTATUYECKOTO AaB/ieHust (B pe-
3y/IbTaTe YBEIMYEHNUs COIIPOTUB/ICHNS IIOTOKY, CO3/1aBA€MOTO
BHELIHMM PabOodnM KOIECOM).

BcrpeuHoe BpaileHne paboumx Koaec

[Tpu BCTpedHOM BpalleHuM paboumx Kojec, MpUHUMAs
BpallleHlle HapyXXHOTo pabodero Kojeca 3a IOTOXUTEIBHOE,
OKPY>XHYIO CKOPOCTb BHYTPEHHETO paboduero Kojeca Ciefyer
YIUTBIBATH ¢ 0OpaTHBIM 3HAaKOM (puc. 3). IToaTomy passuBa-
eMBIil TYpOOMAIINHO TeOPeTUIeCKUII HAIlOp BBIPAXKAETCs B
cooTBeTCTBIN C (4) Kak:

H= l/g (uzzczzu - (_ulzcllu)) = l/g (u22C22u + ulZCIZu)'

Kax BuHO 13 JaHHOTO BBIp@XKEHU, IpK paboTe pabodnx
KO/IEC B IIPOTMBOIOJIOKHBIX HAIPABIEHMSAX WX OKPY)KHBIE
CKOpPOCTM CKJIQfIBIBAIOTCS, BEIMYNMHA Pa3BMBAEMOro Typ6o-
MAIIHOI [JaB/IeHNs] Bo3pacTaeT (10 OTHOIIEHUI0 K 6a30BO-
my). IlonydenHsle paHee BBIBOABI II0 PeXVMMaM AJIsI IIEPBOTO
BapuaHTa paboThl TYpOOMAIINHbI aKTYaTbHBI U [/I1 JAaHHOTO
BapuaHTa paboThL

[1aBHBIM yCIOBVMeM pabOThl GAHHON CXEMBI SIBJISIETCS
BBIIIO/IHEHNME YCTIOBNUSI 0e3y[apHOrO BXOfja HA JIONMATKM Ha-
py>Horo pabouero koreca. Hecobmonenne faHHOTO YCIOBUS
IIpUBEZET K PE3KOMY YBEINYIEHUIO 3HAYCHNUIT THAPABINIECKIX
HOTEPb B HAPY)KHOM paboueM Kojiece U K CHIDKEHIIO Pa3B1Ba-
eMoro faBienns [12].

[TpoBefieHHBIE MaTeMATHYECKE UCCIENOBAHNA TIO3BO-
JIMTU YCTQHOBUTD PEXUMBL pabOThI TYpOOMAIINH, B KOTOPBIX
OTMeYajIoCh IIOBBILIEHIe 3HAYEHNUIT PAa3BUBAEMOro Typboma-
IIVTHOM aBJIeHNA.

s BUSyanMsaumy MONYIEHHBIX pe3y/IbTaTOB IIOTpe-
OyeTcsi HOCTpOEHME TEeOpeTUYECKMX HAIOPHO-PACXOTHBIX

C22

PucyHok 3. KuHemaTuka noToka npu BCTPEYHOM BpalleHumn pabo-
4Yux Korec.

Figure 3. The kinematics of the flow for a counter-rotating impellers.

H = f(Q) xapaxTepucTuk. B kauecTBe MCXOHOI 3aBUCUMOCTH
UCIO/Nb30BaHa (GOpMY/Ia TeopeTdecKoro Hamopa [13]:
u

TeomeTpuyeckme pasMephl, MCIIOIb3yeMble IIPM pacyeTax,
IPYHUMACA TpefBapuTenbHo. VX BBIGOp OCYyIIeCTBIANCA
II01 3a[JaHHbIe TpeOyeMble TapaMeTphl (HaIop, pacxon) [14].

J1g cpaBHEHMsA TeOpeTUYeCKMX XapaKTepPUCTUK C IIpa-
KTHYEeCKUMI IIPOBEMIeHbl Cepuyl 9KCIIepMMEHTOB. B kauecTse
OCHOBBI, Ha 6a3e KOTOPOIl IPOBOAWINCDH OIBITHI, BBICTYIIN/IA
peanbHasi MOJENb LeHTPOOEKHOro BeHTusiTopa BI14-75-1,52
C BHECEHHBIMM TEXHUYECKUMM M3MEHEHNAMM, TT03BONMBILN-
MU UCIIONIb30BaTh e KaK [IBYXCTYIEHYATyI0 KOHCTPYKIMIO C
KOAKCMa/IbHBIM PACIIONIOKeHNeM pabodnx Koec.

OKCIlepyMeHTa/IbHble HAIIOPHO-PacXOQHbIe XapaKTepl-
CTUKV BEHTWIATOpPA ObUIM IIOTy4YeHbI [0 METOAMKE adpPOfu-
HaMM4ecKux ucnpitanuii B coorserctsuu ¢ FOCT 10921-90.
Crenp fns aspoAMHAMUYECKUX MCIBITAaHMI BEHTUIATOPOB
IpeficTaB/IAeT cobo0il ycTpoiicTBO (puc. 4), B KOTOPOM TeX-
HUYECKUMIU CPe[CTBAaMM IIPOM3BOAATCA M3MEpeHMsA pacxofia
BO3/lyXa U [aBJIeHM, Pa3BUBaeMble MCCIIeyeMbIM BeHTWLA-
TOPOM, a TaKXKe HOTPeO/IsIeMOil MU MOILIHOCTY M YaCTOTBI
BpalleHVs pabo4nx Koec.

PucyHok 4. BHellHWI BuA 3KCNepUMEHTanbHOW YCTaHOBKU. 1 —
nccnegyemMbln BeHTUnsaTop; 2 — U-obpasHble MaHOMETPbI Mo n3mepe-
HUIO CTaTUYECKOro U ANHAMUYECKOro AaBneHu; 3 — nsmepuTenbHbIn
BO34yX0BOA,; 4 — ApoccenupytoLiee YyCTPONCTBO; 5 — n3aMeputenbHbIn
komnnekt K505.

Figure 4. The appearance of the experimental apparatus.
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PucyHok 5. HanopHo-pacxofHble XapaKTepuUCTMKU NpU BpalleHMn pabounx Konec B OAHOM HAarNpaBfieHUU C Pa3fUYHbIMU PeXUMamMu
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Figure 5. The pressure-flow characteristics upon rotation of impellers in the same direction with different modes of operation.
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PucyHok 6. HanopHo-pacxoaHble XapaKTepUCTUKM NPU BpaLleHUmn
pabounx Korec B NPOTUBOMNONIOXKHbLIX HanpaBleHUsIX.

Figure 6. The pressure-flow characteristics upon rotation of the
impellers in opposite directions.

Pe>xyM paboThI BEHTIIATOPA IPI UCIIBITAHNI M3MEHSIICS
IPOCCENMPYIOLIMM YCTPOICTBOM C PACCPEOTOYCHHBIM COIIPO-
THB/IeHNeM. BerpedHoe BpalijeH1e 06ecrednBaIoch peBepcoM
HPMBOJIHOTO JIBUTATeILs BHYTPEHHETo pabodero Koyieca.

[TonydyeHHBle  HAIIOPHO-PACXOfHbIE  XapaKTEPUCTUKI
Npe/ICTaB/IEHb] Ha PUC. 5, 6.

Kak BUHO U3 IIpeCcTaBIeHHBIX IPAUKOB, PEXnM pado-
THI CO BCTPEYHBIM BpallleHneM pabounx Kojiec sIB/IAeTCs Hau-
6ornee 3 PeKTUBHBIM, IPUPOCT FaBIeHNUs (IO OTHOLIEHNUIO K
6asoBoMy) coctasnseT 115 %.

ITony4yeHHbIE 9KCIIEPUMEHTANIBHBIE 3ABVMCUMOCTH C JIO-
CTaTOYHOJN CTEHEeHBI0 TOYHOCTV COITIACYIOTCSI C pe3y/ibTara-
MI IPOBEEHHBIX TEOPETUIECKUX MCCefoBanmil. Pasnane B
HOTyYeHHBIX 3HAYEHISIX He MPeBbIIaeT 15 %, 4TO TOBOPUT O
TOCTOBEPHOCTH MOTYYEHHBIX Pe3ynbraToB. [lonydeHHble pas-
m4usA 00bACHAIOTCA MOTPEITHOCTAMY IPY NIPOBEJIeHUN 9KC-
[IEPUMEHTA, & TAKXKe PSIJOM IIPVHATHIX JOIYIeHIL.

Vcrionp3oBanme ypaBHeHM: Jiiiepa [/ ONMCAHNUA IIPO-
1jecca 9HeprooOMeHa MeX/jy I0IIaTKaMy KOaKCUaabHO PacIio-
JIOXKEHHBIX paboYnX KOJeC U IMOTOKOM TEeKYdero IIO3BOIUIIN
HOTYYUTh KaYeCTBEHHYI0 KapTUHY IIpoliecca. I/ monydenns
KO/IMYEeCTBEHHON KapTUHBI HEOOXOAVMO HMPUOETHYTh K pac-

CMOTPEHUIO NPOLiecca YHEProodMeHa C TOYKM 3PEHUs] BUX-
PEBOIl TEOPNH, YIUTHIBAIOLIEH LUPKYIALVOHHOE [JBIDKEHME
HOTOKa TeKydero [15].
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The relevance of this work is conditioned by the possibility of expanding
the range of efficient operation of the turbine by changing the flow
pattern of the fluid flow from stage to stage.

The purpose of the work is to establish rational modes of operation of
turbo machines with coaxially mounted impellers.

Research methodology: in this work, we used a systematic approach,
which includes the analysis of the results of mathematical modeling and
experimental studies.

Results. We carried out the analysis of the influence of operating modes
on the pressure developed by the turbine. These operating modes include
directions of rotation of impellers and the value of their circumferential
speeds. The study analyzed the two options of installation: the rotation
of the wheels in one direction and the rotation of the wheels in the
opposite direction. The theoretical studies were based on a well-known
Euler theory under certain assumptions: the cross section averaged for
all flow settings; the motion of impellers was made one-dimensional
and axisymmetric; the impellers have an infinite number of infinitely thin
blades; the flow of fluid does not have viscosity, and the influence of
friction forces is absent. The experimental aerodynamic characteristics
of the centrifugal turbo machine with coaxial arrangement of driving
wheels were obtained on an especially designed aerodynamic stand.
Pressure-flow characteristics obtained theoretically and experimentally
are presented.

Conclusion. The use of coaxial impellers contributes to developing
pressure and allows you to extend the range of efficient operation
of centrifugal turbo machines. The most rational mode of operation
of coaxially mounted impellers is the counter rotation mode. The
increase of pressure developed by the Turbo machinery at work in this
mode is proven theoretically and confirmed experimentally. Sufficient
convergence of mathematical and experimental studies suggests the
reliability of the results.

Keywords: centrifugal turbo machine; coaxial arrangement; the pressure-
flow characteristic; energy transfer; operation; stand.
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