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NOABMIKXHbBIE JIONACTHBIE CUCTEMbI
LLEHTPOBEX{HbIX HACOCOB HM3KOM BbICTPOXOA4HOCTH

K. E. flenucos, A. K. Jlamacos

HaupmoHanbHbIM MccnepoBaTenbckmi yHMBEpCUTET « MO »,
Poccus, 111250, r. Mockea, yn. KpacHokazapmeHnHas, 14, ctp. 1

OnHMM M3 Hanbonee pPacnNpPOCTPAHEHHLIX TMMNOB HAaCOCHLIX arperaTos, NPMMEHSIEMbIX B NPOMbILLAEH-
HOCTH, SIBRSIIOTCS LileHTpobexHble Hacockl. B cBOIO ouepeab cpeayn LLeHTPOOeKHbIX HACOCOB MMeeTCs
CBOSI KNacCUUKaLMS MO KOHCTPYKTUBHBIM OCOBEHHOCTSIM. TaKk Ha3blBaeMble TUXOXO[HbIE HacoChl pac-
CYMTaHbl Ha HeGonbluMe NoAaYM M BbICOKME Hanopbl. TaKOM TMN HACOCOB SIBASIETCSl BeCbMa BOCTpe6o-
BaHHbIM B XMMMYECKOM M HedpTenepepabaTtbiBalowen oTpacnsax NPOMbILLAEHHOCTH B CBSI3M C YCNOBMSI-
MM MX 3KCIAyaTauuM, NoApasyMeBaloWMMM NPeofoNeHne CONPOTUBAEHMH ANMHHBIX T@XHONOrMYEeCKNX
nuHMi. TlpM 3TOM TMXOXOAHBIM HACOCAM CBOMCTBEHHA HM3Kas 3HeproaPeKTMBHOCTb, 06ycnoeneHHas
r’MAPOAMHAMMUYECKMMMU M [PYIMMHM MOTEPSIMU ABMIKYLLLErocsl NOoToKa paboueit cpefbl BHYTPM NPOTON-
HOM YacTH. C Lenbio NOBbIWEHUSI 3HEePreTMYECKON 3(PPEKTUBHOCTM TUXOXOAHBLIX HAaCOCOB MPEeRNOKeH
HOBbIM NMOAXOA K NPOEKTMPOBaHMIO OCHOBHOrO pabovero opraHa LeHTPoGexHbIX HacocoB. HoBu3Ha
noAXofa 3aKnIoYaeTcs B MCMONb30BAHMM MOJABMIKHOM JIONACTHOM PeLUeTKM B LLeHTPOo6eXHbIX pabounx
Konecax HM3KoH 6bicTpoxogHOCTH. CBOMCTBEHHAA TONBbKO TMXOXOAHbLIM PabounMm Konecam, reomeTpms
MX MepHAMaHHOM NpoeKumuM Gbina afanTMpOBaHa NMoj BO3MOXKHOCTb MOBOPOTa KaXKA0M OTAENLHO B3S-
TOM NONAaCcTM OTHOCMTENLHO CBOEeN OCH BpalyeHms. MoABMKHOCTL NonacTei NO3BONMT BAMSATL Ha FTMAPO-
AMHAMMKY He TONbKO B pabouyeMm Konece 3a cyeT M3MeHeHHnsl A PYy30pPHOCTH MEKNONACTHOro KaHana
M YrnoB NOmMacTM Ha BXOAEe M BbIXOAe, HO M, KaK CNejCTBMe, B CMMpanbHOM OTBOAE, YTO NMpMBepet
K 6onbluer cornacoBaHHOCTH MX PEMMMOB TeueHus. MpoBeeHHbIe Ha KOHKPETHOM NpMMepe YMCNEH-
Hble pacyeTbl MOKa3anu, YTO NPEeANOMKEHHbIM NMOAXOA CMOCOOEH M3MEHNTb XapPaKTEPUCTUKY LLeHTPO-
6e)KHOro Hacoca, YMEHbLUME ero notpebnsieMylo MOLHOCTL BO BCceM pabouyeM MHTepBane, YTO MOMHO
paccMaTpMBaTh KaK yBenMueHne 3HepreTMyeckon 3¢ppeKTMBHOCTM HAaCOCHOrO arperara.

KnioueBble cnoBa: LLeHTpo6eXKHbIM Hacoc, paboyee Koneco, NonacTHas pelleTKa, perynMpoBaHMe LieH-
TPO6EeMHOro Hacoca, 3HepreTMyeckas 3(pPeKTMBHOCTb, TMAPOAMHAMMKA, YUCNIEHHOE MOfENUPOBaHMeE,

onTMMM3aumsa nporquoﬁ YacTM.

BBepeHue

YAyulleHHe IeAeBBIX (PYHKIMOHAAOB THXOXOAHBIX
eHTPOOEeXXHBIX HAcOocoB (LIH), mOBBIMIAOMUX KOHKY-
PEHTOCTIIOCOOHOCTE OTeYeCTBEHHBIX HACOCHBIX arpe-
TaToB, SIBAAETCSI OCHOBHOM IIeABI0 MHOJKEeCTBA HMCCAe-
AOBaTeAbCKUX paboT. Ilpm aHaAuM3e HAy4YHBIX CTaTel,
TIOCBAIIEHHBIX OBBIIIEHUIO AW MOAAEP’KAHUIO B 3a-
AAHHOM AMAIla30He IleaeBoro pyHknuoHara LIH, mox-
HO IPUUTH K BEIBOAY, YTO 4allle BCETO HUCIOAB3YIOTCHA
IIOAXOABI, OCHOBAHHBIE HA COYETAHUU BBIYMCAUTEABHOU
ruppopuHamMuku Computational Fluid Dynamics (CFD)
U ONITUMM3AIMOHHBIX MeTOAOB [1]. COBOKYIIHOCTb 3TUX
TIOAXOAOB HAllpaBAeHa Ha IMOMCK HauboAee IMOAXOAS-
LIETO ITOA 3aAAHHEBIE IJeAU COYETaHUSI FeOMeTPUYeCKUX
IIapaMeTpPOB, OIUCHIBAIOIINX IIPOTOYHYIO 4YacCTh HACO-
ca, B YaCTHOCTU AOIIACTHOU PeIIETKU pabouero Koaeca
(PK).

B 3apauax yAyullleHUs IeAeBBIX (DYHKIIMOHAAOB AU-
HaMHMYEeCKUX THAPOMAIINH ONTUMU3UPYEeMBIMU (DYHK-
IMOHAAAMM ABASIOTCSI TeOMEeTPUYECKHe IlapaMeTpEl
NIPOTOYHOM YaCTH, B YACTHOCTH paboyYero Koaeca M ero
AOIIACTHOM penIéTKHU. Kak IpaBUAO, IPU NCCAEAOBAHUNU
(OpPMBI AOIIACTH OTOMPAIOT Te reoMeTpHUuYecKHe Iapa-
MeTpPBhI, KOTOphle 60Aee OCTAABHBLIX BAUSIOT Ha IjeAeBhIe
GyHKIIIU. OTO CBSI3aHO C TeM, YTO YBeAMYeHHEe YMCAA
HCCAEAYEMBIX BXOAHBIX IIapaMeTPOB BEAET K YBEAU-
YeHNIO OOIIEero 4MCAd MCCAEAYeMBIX reOMEeTPUYEeCKUX

COYETAHUN U, COOTBETCTBEHHO, TpeOyeMOro BpeMeHU
Ha IIPOBeAeHHe UUCAEHHOTO 3KCIepuMeHTa. AAd OTo-
OpaHHOU IpyIIbl BXOAHBIX IapaMeTPOB aHAAUTHYECKHU
NIOAOMpPAIOTCST 3HAUEeHUs AASL [IEePBOTO IIPUOAUIKEHUS.
Hcxops m3 epBOro NPUOAVIKEHUS AAST KaKAOTO BXOA-
HOIO IlapaMeTpa 3aAaeTCsl MCCAEAYEeMBIM AMAIa30H,
B paMKax KOTOPOTO OH U3MEHSETCS [0 XOAY YUCAEH-
HOTO 3KCIlepuMeHTa. Ha ocHOBe 3THX AMAaNa3oHOB Aa-
Aee (bopMUpyeTCsl MaTpulla OyAyIIero 3KCIepHMeHTa,
TO eCThb 3aAaIOTCSI KOHKPEeTHBble OOAWKM UCHBITyeMBIX
00pa31oB IIPOTOYHOU YacTH. AASl pellleHus TaKOM 3a-
AAQUM MCCAEAOBAHUS IIPOCTPAHCTBA apaMeTpoOB Cylle-
CTBYIOT Pa3AUYHBIE ITOAXOABI, MHOJKECTBO M3 KOTOPBIX
3apeKOMeHAOBAaAO ce0sl B 3apa¥ax yAyUIIeHHus IoKasa-
TeAaell KOHKyPeHTOCIIOCOOHOCTH.

AOBOABHO paCIpPOCTPAHEHHBIMU METOAAMM  SIBASI-
totcst All-Tay mocaepOBaTeABHOCTH [2], AaTHHCKUU
runepkyO, LleHTparbHBEINM KOMIO3UIIMOHHBIA IAAH [3].
[TpuBepEHHBIE METOABI T€HEPUPYIOT TOYKU KBA3HCAY-
yaliHBIM O0Opa30M B yKa3aHHOM HMHTepBaAe AASA Tapa-
MeTpPOB ONTUMHU3AIIUYN, CAEAOBATEABHO, OHU SIBASIIOTCS
CTOXaCTUYeCKUMU. ECAU IIeAbIO ONTUMU3ALUU SIBASET-
Cs1 HAaXOJKAEHHE HEIOCPEACTBEHHOI'O JKCTpeMyMa Iie-
A€BOM (PYHKILMU, TO AQHHBIE IIOAXOABL, KaK IIPAaBHAO,
ABASIOTCSI TIePBOU CTyIeHBIO MCCAEAOBAHUSA U Aasee
AOIIOAHSIOTCSI NPSIMBIMM MeTOAAMM, TaKUM 00pasoM,
dopmupyeTcs AByXaTanmHas ontumMusanusi. Cpean npsi-
MBIX METOAOB HIMPOKO IPUMEHSIOTCS Pa3AWdYHBIE all-
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NPOKCHUMAIIMOHHBIE MOAEAM, TaKue KaK IIOBEPXHOCTH
OTKAMKA, reHeTHYecKasl arperarusi, MeTOA KPWUTMHTa,
HellapaMeTpuyecKasi perpeccusi, HeWpPOHHBIE CeTH
u Ap. [3—9]. Cpepu ONTHMHU3AIMOHHBIX MOAEAEU HC-
TIOAB3YIOTCS TaKKe M TeHeTHYeCKHe aATOPUTMBI, OC-
HOBaHHBIe Ha AWHAMHUYECKOM W3MeHeHHUH ONTHUMU-
3UpyeMbIX (YHKIUM (reoMeTpUUeCcKHUX IIapaMeTpOB)
U CKpelIUBAaHUM AYYIINX BapHUaHTOB.

CAepOBaTeABHO, B 3ajAa4yax YAYUIIEHUS IIEAEBBIX
dyHKOUOHAAOB LIH MCIIOAB3YIOTCS MOAXOABI, HAllpaB-
AeHHBIe Ha INOMCK COYEeTaHUs reOMeTpUYeCKUX Ilapa-
MeTpPOB, KOTOpbIe IIO3BOASIIOT IOAYYUTH YAOBAETBO-
PUTEABHBIM pe3yAbTaT. B CBSI3W C 3TUM IpepAaraeTcs
HOBBIM IOAXOA, AOIOAHAIOIIMU yyKe CYLIeCTBYIOLINEe
METOABI B 3aAa4ax MOBBIIIEHUS 9HEProddHEeKTUBHOCTH
TUXOXOAHBIX L1H.

CprKTypa IIPEANOKEHHOIO IMTOAXOAd

WMcroAb30BaHHBIM TOAXOA OCHOBAH Ha ITOABUK-
"HocTu AomnactHoM pemérku PK Hacoca. Takoe TexHU-
YecKoe pellleHue He SIBASIETCSI HOBBIM, TaK KaK AABHO
HUCIOAB3yeTCsI B OCEBBIX U AMATOHAABHBIX HAcOCax
B KaueCTBe OAHOTO M3 YPOBHEM PeryAupoBaHUS PesKu-
Ma paboThl Hacoca. OAHAKO B IIEHTPOOEKHBIX HACO-
cax Takoe pellleHHe OOLIYHO He IPHUMEHSIeTCS B CBSA3U
CO CAOKHOM reoMeTprUey IIPOTOYHOU YaCTU 3aKPBITO-
ro paboudero Koaeca, KOTopas He IIO3BOASIET IIPOCTHIM
cnocoboM BpalllaTh AOIAcTH. TeM He MeHee OCOO€H-
HOCTBH paboumx KOAEC TUXOXOAHBIX LIH mposiBAsieTcs
B UX MePUAVMAHHOM IPOEKIIUH: y3Kas U BBHITIHYTafd,
Cc GOABIINM OTHOIIIEHHEM BBIXOAHOTO AMaMeTpa K Aua-
MeTPy FOPAOBUHBL. OTa OCOOEHHOCTb OBIAA UCIIOAB30-
BaHa AAS UCCAEAOBaHUA crocoba MOBBINIEHUS 3dek-
TUBHOCTU HACOCHOTO arperaTa, KOTOPBIY 3aKAIOUaeTCs
B BO3MOJKHOCTH IIOBOPOTA AOIIaCTe OTHOCUTEABHO 3a-
AAHHOU OCH Ha OIpPeAeAéHHBIN yroa. [Tpeanoaaraercs,
4TO 9TO IIO3BOAWUT AOIACTHOM CHCTEME (CIIPOEKTHpPO-
BaHHOM Ha TpeOyeMble HAIloOp U II0AQYy) OoOecleunBaTh
AYUIIIYIO THUAPOAMHAMUKY IIOTOKAa Ha peyKUMax, AaAé-
KHUX OT OIITUMAaAbHOTO. TeopeTHUeCcK! IPEeANOSKEHHBIN
METOpA, CIIOCOOEH HECKOABKO PacHIupUTh 3(PPeKTUB-
HYI0 00AQCTh pabOTHL HAacoCa BO BCEM AMAlla3oOHe, W3-
MEHUB IIPM 3TOM TaK’Ke U XapaKTep KPUBU3HBI HAIIOP-
HOMN XapaKTePUCTUKMU.

YuuTeiBas HaWAEHHOE BO3MOJKHOE pelleHue IIo-
CTaBA€HHOM 3apauM, Oblaa IIpopaboTaHa CTPyKTypa
HOBOTO METOAA MPOEKTUPOBAHUS ONTUMU3UPOBAHHOU
AOTIACTHOM pelIeTKU IeHTpobeskHoro PK:

1. UnucaeHHBIM pacyeT pabodyero kKoaeca Ha pabo-
Yyl0o TOYKY WU €ero ONTHUMHU3alusa. Pe3yabTrar — onTu-
MHM3UPOBaHHAsI TeOMETPUsI MEPHAMAHHON IIPOEKIINU
¥ AOTIACTHOM PEeINETKU.

2. IloBTOpeHUe NPEeABIAYIIETO IIYHKTa AAS IIOBBI-
LIEHHOTO U IOHMKEHHOTO PacXOAOB C 3a(UKCUPOBaH-
HBIMH T€OMETPUYECKUMHU TapaMeTpaMy MepUAUaHHOU
TPOEKIINN M C MU3MEHSIONIUMUCS IlapaMeTpaMH AoIla-
CTU (KpoMe eé€ TOAUIWHEI). Pe3dyapTaT — reomerpuue-
CKUe IIapaMeTphl AOIIACTEMN AAS TPEX PEKUMOB.

3. IlonyueHHBIe TeoMeTpHYeCKHe IapaMeTphl AO-
acTe MO3BOASIIOT IIPOBECTU aHAaAU3 BO3MOJKHBIX KU-
HeMaTH4YeCKUX pelleHnY, CIOCOOHBIX HM3MEHSTH IIO-
AOJKEHHE ONTUMU3UPOBAHHON AONACTHOU PELIETKY,
CIIPOEKTHUPOBAHHOMN Ha ONTHMMAaAbHBLIE IIapaMeTphI Tak,
4TOOBI OHa HauboAee ITOAXOASIIMM 00pa3oM COOTBET-
CTBOBaAa KPAaMHUM IIOAOKEHHSAM, IIOAYUYeHHBIM B IIpe-
ABIAYIIIeM IIyHKTe. [IpoBepeHMe YMCAEHHOIO JKCIepu-
MeHTa. Pe3yAbTaT — ONTHUMU3UPOBAHHAs AOIACTHas
peniéTka, IMOBOPOT KOTOPOM CHOCOOEH U3MEeHUTh IIO-
AOJKEHHEe ONTUMYMa.
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Puc. 1. MepupuaHHasi IpPOEKIUS
THXOXOAHOTO paboyero Koaeca
Fig. 1. Meridian projection of a low-
specific-speed impeller

4. Peaamsanusi ontummusumpoBaHHoro PK BmecTe
C KWUHEMaTUKOU AOTIACTHOM PEIIETKH B BUAE OIIBLITHOTO
o6pa3slia ¥ IPOBeAEeHHUE HAaTYPHBIX UCIIBITAHUN. Pe3yab-
TaT — BepU@UITUPOBAHHAST METOAUKA.

YucAeHHBIN pacyeT

AAs1 IpOBepKU PabOTOCHOCOOHOCTU TAaKOTO pellle-
HUS U OTPAaOOTKU METOAWKM OBIA pa3paboTaH 3CKU3
HOBOTO paboyero Koaeca Ha OBICTPOXOAHOCTb Ns = 24
(puc. 1), xoTOpoU COOTBeTCTBYIOT Hanmop H = 80 M
u nopava Q = 12,5 m*/u. Kak IpaBUAO, BEIXOAHOH yda-
CTOK MEPUAUAHHOM IIPOEKIINU BBIIIOAHAETCS IPIMBIMU
AUHUAMY, HAKAOHEHHBIMU II0A HEOOABIIMM yTAOM OT-
HOCUTEABHO BEpPTHKAaAM, UTO IIO3BOASIET O0eCcIeuuBaTh
TIAaBHOe M3MeHeHUe TAoIlapett. OAHAKO pearm3alus
TTOBOPOTA AOTACTU IMPU TAKOW TeOMETPUU MepUAHaH-
HOUW MPOEKIUU He IPEACTaBASIeTCS BO3MOJKHOU U3-
3a [epeMeHHOM IIMPUHBLI AONACTH. B cBA3u ¢ aTuUM
n3o0pa’keHHas Ha puc. 1 MepuAUaHHAs IPOEKIUS
Ha paAMarbHOM ydacTKe BBIIIOAHEHA IapasAeAbHBIMU
AWHHSIMY, OTPaHUYEHHBIMH BHEITHUM papuycom PK —
R2. TopaoBuHy papmycoMm R1 ¢ BEIXOAHOM YacCTBIO CO-
eAUHSIOT ABe KacaTeAbHble K HUM AYTU papuycamu rl
u r2. lllupuHa paplaAbHOTO KaHanha IIOCTOsIHHa — b.
BrIxOAHasI KpOMKa AOINacTe HaXOAUTCS Ha BHEITHEM
paauyce, a BXOAHas KPOMKa pacloAo’KeHa Ha HeKOTO-
poM ypareHUH h OT Havara PapAMaAbHOIO KaHAAQ.

[MpuBepénnass Ha puc. 1 napamMeTpu3UpOBaHHAas
MepUAVAaHHas MPOEKIUsS AAS IIPOBEAEHHUS UYUCAEHHO-
ro DKCIEPUMEHTA C IIeABI0 HaXOKAEHUS ONTHMMAaAbHBIX
3HaYeHUN IepeMeHHBIX BeAMYMH, TaKUX KaK YTABI AO-
[acTy, LIMPHUHA KaHaAa Ha BBIXOAE M T.A. B Taba. 1
npepcTaBAeHBl napaMeTpsl PK, ero onrumusupyemsble
BEAMYVHBI U AWATIa30HBI UX U3MEHEeHHUS.

Anst GOpMUPOBaHUST KOHEYHOT'O OOAMKA reOMeTpPUHr
PK HeoOX0oAUM PsIp PACUETOB AASL OIIPEAEAEHUST TaKOTO
CoueTaHUsl BapbUPYeMBbIX IapaMeTpPOB, IIPU KOTOPBIX
(GYHKIUA OeAeBOro (PyHKIMOHAAA AOCTHUraeT OOAACTH
CBOEro 3KCTpeMyMa. Ilepep IpOBepeHHEM pacyeToB
OblAa cOCTaBAeHa TaOAMIlA — TAAH YHUCAEHHOT'O 3JKC-
nepuMeHTa. CocTaBAaeHHe TaOAUIIEL  IIPOUCXOAUAO
C IIOMOIIBIO MeTOAA BBIOOPKU AQTUHCKOIO TUIEPKY-
Oa CTATUCTUYECKOTO METOAQ, IIpeAHa3HaueHHOTO
AL TeHepaluu IOYTH CAYYaWHOM BBIOOPDKU 3HAude-
HUU TapaMeTpPOB M3 MHOTOMEPHOI'O pacIpeAeAeHUs.
AAQHHBI METOA XOPOIIIO 3apeKOMEHAOBaA celsl AAS



Tabauna 1. ITapameTpu3anusi MepUAMAHHON NMPOEKLUK paboyero Koaeca
Table 1. Parameterization of the impeller meridian projection

TTapametp O6o3Hauenue PazmepHocTb Anarnazon

Buemnnii papuyc R, MM 125
Paapmyc ropAOBUHBL R, MM 25
Papuyc CKpyTAeHUSI BTyAKH I, MM 18...35
Paapmyc ckpyraeHus oboaa I, MM 10...25
BbicoTa BXOAHOM KPOMKA h MM 1...10
llupuHa KaHara Ha BEIXOAE b MM 55...8,5
YTOA AOTIACTU Ha BXOAE B, Tpaa. 13...40
Yroa AOIACTU Ha BBIXOAE B, Tpaa. 15...40
Yroa AomacTy B cepeprHe [ TPaA. 15...40
KoanuecTBO AomacTeit z ep 4..8
ToAIMHA AOMIACTH Ha BXOAE t MM 3
ToAIlMHA AOTIACTH Ha BBIXOAE [ MM 6
ToAamnHa AOIACTH B CepeprHe bea MM 4...20

NAGHUPOBAHMUSA YHCAEHHBIX 3KCIEePUMEHTOB B CBA3U
C TeM, 4YTO OH oOeclleurBaeT XOPOIIyI0 PABHOMEPHOCTh
TOKPBITUS IPOCTPAHCTBA IMapaMeTPOB IPU OGOABIIOM
4UCAe BapbUpyeMbIX NapameTpoB [3, 9]. Takum 06-
pasoM, A KaKAOTO YHCAQ AOIACTEM OBIAO IIOAYYEHO
no 100 BapMaHTOB KOMOWHAIIMM OCTAaAbHBLIX IlapaMe-
TPOB B YKa3aHHBIX AMala3oHax, AaBas B cymMe 500 Ba-
PHUAHTOB AOIACTHBIX PELIETOK AASL YUCA€HHOTO pacueTa
UX TUAPOAUMHAMUKU.

YUKCAEHHBIN 3KCIIEPUMEHT AASL COCTABAECHHBIX BapU-
QHTOB IIPOBOAMACS C IIOMOIIBIO METOAAQ BLITHUCAUTEAD-
HOM ruppopmHamuku [10]. B KauecTBe ImprMeHSIeMOro
NPOTPAaMMHOTO TaKeTa AAS THAPOAMHAMUYECKHUX pac-
4eTOB HcHOAB30BaAcst Ansys CFX, peaausyromuit npu
pacueTax MeTOA KOHEUHO-IAeMeHTapHOTO aHaAMu3a.

Ha ocHoBe napamerpusupoBaHHOU Mopeau PK ana
TIOAYYEHHBIX TBEPAOTEABHBEIX MOAEAEN CTPOUTCS CeTKa
KOHEYHBIX 3AeMeHTOB. THUIl CeTKU — reKCasApanbHas
OAOYHAsI CTPYKTyYpUPOBaHHasA C yMeHBbIIEHUEM TOA-
HIIMHBI KOHEUYHBIX JA€MEHTOB II0 Mepe IPUOAMKEeHUs
K creHkaM. C IIeAbIO IIOAYYEeHUsI AOCTOBEPHBIX pac-
YeTOB NPU HACTPOUKE CETOYHOU MOAEAU IIPOBOAUAOCH
UCCAEAOBaHNE CETOYHON HEe3aBUCUMOCTH M IIPOBepKa
COOAIOAEHUSI TIOAYYeHHOTO 3HaueHUs Oe3pa3MepHOro
Koa(duIireHTa y+ Ha CMauMBaeMBbIX CTEHKAX MOAEAU
Ha COOTBETCTBHE PEKOMEHAQIUSIM BLIOPAHHONM MOAEAU
TypOyAreHTHOCTH Realizable k- ¢ MacmradbupyemMou
IpUcTeHOUHOM (QyHKuuen (Scalable wall functions).
[Tpu nocraHOBKe rpaHuyHBIX ycaoBuit (I'Y) npuauMa-
AUCH CAEAYIOIIHe AONYIeHUs:

1) ocecummeTpuyHOe TeueHHe BHyTpU PK;

2) oceBOU MOABOA JKUAKOM Cpeabl K roparoBuHe PK;

3) m30TepMUUYECKUM IpoIlecc TeueHUs;

4) cranuoHapHasg IIOCTAHOBKA B CBA3U C TEM, 4TO
BO3HUKAIONINE HeCTallMoOHapHLIe MPOIEeCCHl He IIPeA-
CTaBASIIOT WHTepeca Ha AQHHOM JTalle MCCAEAOBAHMUS;

5) He yuUTBIBaeTCs II€POXOBATOCTb Ha CMOYEHHBIX
TIOBEPXHOCTHX;

6) pabouast cpepa — BOAA C MAOTHOCTBIO 997 Kr/m>.

OAHUM M3 Ba>KHEUIITUX ITAIIOB ITOCTAHOBKU AAHHOM
374U ABASETCS HACTPOWKA @aBTOMATUYECKOI'O OCTAHO-
Ba PeIIeHUsl 3aAa4Y¥ IIPU BBIIIOAHEHHUN OIPEAEAEHHBIX
YCAOBHM, CBUAETEABCTBYIOIIMX O COIIEAIIeMcsS pac-
yéTe. OTO HEOOXOAWMO AASI TOTO, YTOOBI PE3YABTATEHI
pacyeToB MO>KHO OBIAO CPAaBHUBATH MeXKAY COOOU. AAs
9TOTO B TEPBYIO OUePEeAb OIPEAEASIIOTCS WHTerparb-
HBle IIapaMeTpPhl, OTCAeKHBAaeMble IIPU pacuéTe. B Ka-

yecTBe TAaKOro IlapaMeTpa OBIA BBIOpaH I'MApaBAWUYE-
ckuii KITA, Tak Kak, BO-IIEPBBIX, OH SIBASIETCS II€AEBBIM
(DbYHKIIMOHAAOM, & BO-BTOPBIX, B YPaBHEHUN I'MAPABAU-
geckoro KITA copeprkaTcst Takve IlapaMeTphl, KakK IIOA-
Hble AABAEHMS Ha BXOAE U BBIXOAE pabouero Koaeca
U CyMMapHBIM MOMEHT Ha BCeX CMauMBaeMBIX CTEHKaxX
OTHOCUTEABHO OCH BpallleHHUs.

Bo Bpems pacueTa OTCAeXHBaeMBIM IapaMeTrp Me-
HsIeT CBOIO BEAUYNHY OT UTepalluM K UTepaluu — Io-
Ay4aeTcs rpauK 3aBUCUMOCTH. ECAM IIpU AOCTUIKEHUU
ONPEAEAEHHOTO UMCAa UTepaluil rpauk paree mepe-
CTaeT U3MEHSIThCSI AUOO ero 3HaueHUs: KOAEOAIOTCS
B OTHOCHUTEABHO y3KOM AMAlla30He, TO MOJKHO CUUTATh
TeKyLIUN pacyeT KaK COLIEAIINMCS, TO €CTb I'OTOBBIA
MAST @aHaAW3a BBIXOAHBIX ITapaMeTpoB. OAHAKO AQHHOMY
MOAXOAY COOTBETCTBYIOT OIIPEAEAEHHBIE OCOOEHHOCTH,
TakK KaK 3ajaya, pelllaeMas B CTAllMOHApHOM IIOCTa-
HOBKe, MOJKeT MMeTh HeCTAllMOHApHYIO IPUPOAY, Ha-
puMep, IpU BO3HUKHOBEHUU BUXPS B MEXXAOIIaCTHOM
KaHaAe, 4TO BechMa XapaKTepPHO AAS PabodymX KOAEC
HU3KOU OBbICTpOXOAHOCTH. Kak caepcTBUe, BUA rpadu-
Ka MHTEPEeCYIOUero IapaMeTrpa MOXKeT UMeTb Koaeba-
TeAbHBIN XapaKTep.

Ha ocHoBe oTcaesxuBaeMoro rpadgrka CXOAUMOCTH
ruppaBandeckoro KITA, 6bIA A0OaBAEH ellle OAUH: €ro
cpepHee apudMerudeckoe 3a nocaepHme 100 mrepa-
nuii. [loayuennbii ocpepHéHHBIN KIIA HeoOxopuM
B TeX CAyYasX, KOTA@ OCHOBHOM IlapaMeTp KOoAeOAeT-
Cs1 OKOAO OIIPEAEAEHHOIO 3HaueHUs. B MHOM cayuae
ocpepHEHHBIM KITA OyaeT coBIapaTk ¢ MTHOBEHHBIMU
3HayeHUsAMU. Aaree Oblra A0OaBAEHA ellle OAHA (PYHK-
UsT AASL OTCAEKUBAHUS CXOAMMOCTU: CTaHAQPTHOE
(cpeAHEKBaAPAaTUYHOE) OTKAOHEHHE OCPEeAHEHHOTO
KTIIA 3a mocaepnme 100 urepanmii. CtaHpapTHOE OT-
KAOHEHHE TTOKa3blBaeT, KaK paclpepeAeHbl 3HaueHUs
rapamMeTpa OTHOCUTEABHO ero cpepHero. Takum obpa-
30M, ecan ocpepHEHHBIN KITA 3a mocaepnme 100 ute-
panuii Heu3MeHeH, TO CTAHAAPTHOE OTKAOHeHHe OyAeT
PaBHO HYAIO.

Ha ocHoOBe BBeAGHHBIX (DYHKIOUM AAS OTCAEXKU-
BaHUA CXOAUMOCTU OBIAM COCTaBAEHBI ABa KPUTEpPUs
OCTaHOBAa TeKYIIero pacyera:

1) BeAmumHa craHpapTHOro oTkAoHeHus < 0,002;

2) mopyAb pasHuIbEl MekAy KITA 1 ocpepAHEHHBIM
KIIA < 0,001.

[Mpr OAHOBpPEMEHHOM BLIIOAHEHUM ABYX IIpUBe-
AGHHBIX BBIIIIEe KPUTEPHEB PACUET OCTAaHABAMBAACS.
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Puc. 2. T'paduku cX0AMMOCTH, HCIIOAb30BaBIINECS
npH pacyeTrax
Fig. 2. Convergence graphs used in the calculations

Ha puc. 2 mpeacTaBAeHBI B KaUuecTBe ITpuMepa rpadu-
KA CXOAUMOCTH OAHOTO M3 pacdyeToB paboudero Koaeca.
PacueT OBIA aBTOMATUUYECKU OCTAHOBAEH IIPU OAHO-
BPEMEHHOM BEBIIOAHEHUM ABYX BBHIIIEIIPUBEAESHHBIX
YCAOBUMN.

Ha puc. 2 cnaomHoM KpUBOM ITOKa3aHbl 3HAUYEHUS
KTIA, oT uTepanuu K WTepaluy, HITPUXaMU ITOKa3a-
HBI 3HaueHUs ocpepHEHHOro KIIA, a IITPUX-IIyHKTU-
pOM — 3HAueHUs] CTAHAAPTHOTO OTKAOHEHHS OCPeA-
uénnoro KITA,.

B mpuBepeHHOM mpuMepe pacdeT OCTAaHOBHUACS
Ha 585-11 mrepanuu. Ecaum paccuuThIBaeMBIM BapUaHT
NPOAYIIUPYET CAUIIKOM OOABIIOEe KOAUYECTBO BUXPEH,
TO TIO AQHHBIM KPHUTEPHUAM OCTAaHOB OyAeT HEeBO3MO-
KeH, TOTAQ pacueT OCTaHABAMBAACS NPU AOCTUKeHUU
MaKCHUMaAbHO 33AAHHOIO 4ucAa uUTepaunui. Takue Ba-
PHAHTHI B AQHHOM CAy4Yae CYUTAIOTCS HEAOCTOBEPHBLIMU
He TOABKO C (POPMaAnbHOM TOYKU 3PEeHUS KpPUTEPUEB
OCTAHOBQ, HO M C TOYKM 3PEHMS Pearnu3yeMoro (yHK-
IIOHAAQ.

[MToche 3aBeplIeHUs] PAcCUeTOB AASI IIPEABAPHUTEAb-
HOM OIIEHKU IOAYYEHHBIX PEe3yAbTaTOB IIOMUMO HEAO-
CTOBEPHBIX PacuyeToB OBIAU MCKAIOYEHBI TaK’Ke Te Ba-
PHaHTEL, ¥ KOTOPBIX ruppaBandeckuil KITA nmoayunacsa
Menblle 90 %, a Tak>ke HOMep IIOCAEAHeN HTepaluu
COOTBETCTBOBAA YCTAHOBAEHHOMY OTPAHUYEHUIO pellla-
TeAs Ha MaKCHMMaAbHOE KOAWYEeCTBO uTepainuiu. B pe-
sgyabraTe U3 500 octarochk 264 AOCTOBEPHBIX pacueTa
ML COCTAaBA€HUS CTAaTUCTUYECKOU MH@OPMAIUU.

ITpoBeAEHHEIN PSA PACYeTOB MTO3BOAUA ONIPEAEAUTH
reoMeTpuio pabodero Koaeca Ha TpeOyeMble IIOAQUY
U HAIOp, a HMEHHO OIpPeAeAeHBl TeoMeTpudecKue
napamMeTpbl MEPUAMAHHOM IIPOEKIMM U AOHAcTH. Aa-
Aee ObIAM TpoBeAeHHBI elle ABa psipa CFD pacuerosn
o 100 BapraHTOB B Ka’KAOM AAS IIOBBIIIEHHOTO U TIO-
HUKeHHOro Ha 30 % OTHOCHUTEABHO ONTHMyMa II0AQY.
B pesyabTaTe OBIAM OIpEAEA€HBI TeOMeTpHYecKHue
COCTOSHUSI AONACTHOU PEUIETKU AAS TPEX PEKUMOB
pabotel Hacoca. [ToayueHHBIE pe3yABTATHI ONTHUMU3U-
POBAHHBIX AOINACTHBIX PENIETOK ITO3BOASIIOT OIIPeAe-
AUTB, KaKUM 00Pa3oM AOAKHA U3MEHSTHCS HNCXOAHAs
ONTUMHU3WPOBAHHAA TeoMeTpHusi NIPU U3MeHeHUU IIO-
AU B OOABIIYIO MAM MEHBIIYIO CTOPOHBI. AAS 3TO-
TO BU3YaAbHO IIPOAHAAU3UPyeM IIOAyUYeHHBIEe COCTOSI-
HUA AONACTHBIX peléToK. Ha puc. 3a mpepcTaBAeHBI
TPU COCTOSIHUSI AOIACTHLIX PEMNIETOK, PacCUUTaHHEIE
Ha pas3anuHble nopauu. Kak BuAHO u3 puc. 3a, ¢ po-
ctoMm nopauu PK yMeHBIIaeTcsd AAMHA AONIACTU BMeCTe
c yraoM eé oxBaTta. OAHOBPEMEHHO C 3THUM IlepBasi ueT-
BEPTb AAMHBI AOTIACTHU (CUMTasi €€ OT BXOAHOM KPOMKH)
TPaKTUYeCKN He M3MEeHSEeTCs, a BXOAHAasi KpOMKa BCexX
AOIIaCTeM coBHIajpaeT. TakuM oOpa3oM, eCAU BpalllaTh
HUCXOAHYIO AomacTb (1,0Q ) OTHOCUTEABHO HEKOTO-
poO# OCH, TEepIEeHAVWKYASIPHOM TOPIy AOHACTH M IIPO-

a) 0)

Puc. 3. IToAyyeHHbIe ONITUMAABHBIE COCTOSIHUSI AOMACTEN:
a — Ha pa3AMYHBIX Mojpayax; 6 — cpaBHeHHe
ONTHUMU3UPOBAHHOM AONACTH MPHU €€ MoBOpoTe

C ONTHMaAbHBIMH COCTOSIHUSIMM Ha Pa3HbBIX IMoAadax
Fig. 3. Obtained optimal blade states: a — at various flow
rates; 6 — comparison of the optimized blade after rotation
with optimal states at different flow rates
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Puc. 4. T'mppaBanyeckuit KITA Hacoca ¢ paGoynMu Koaecamu,

MMeIOUM HEMOABMI)KHYIO U IMOABHMJKHYIO AONACTHBIE PEIIETKH

Fig. 4. Hydraulic efficiency of a pump with impellers of fixed
and movable blade systems

XOAAIIEN Yyepe3 TOUKY PACIOAOKEHHOM Ha HAaYaAbHOM
y4acTKe e€ CKeAETHOU AMHUU, TO IIOSIBASIETCSI BO3MOIK-
HOCTb IIOBEPHYTH €€ TaKuUM 00pa3oM, 4TOOBI OHa Kak
MO>KHO OOABIIIE COOTBETCTBOBaAa ONITUMAABHBEIM 3Haye-
HUSIM O,?Om1T u 1,300m. [ToBopauuBas OMUCAHHBIM CIIO-
coOOM AOIACTb B OAHY U APYTYIO CTOPOHY Ha OIpeaAe-
AEHHBIA YTOA, MOKHO BHU3YaABHO OLIEHUTH COBIIQACHHE
TIOBEPHYTON AOMACTUA C €€ ONTMMAABHLIM COCTOSTHUEM
Ha TOM WMAM MHOU mnopauve. Ha puc. 30 aomacth, pac-
CUMTAHHAs1 Ha ONTUMYM 1,OQOHT, MOBEPHYTA Ha 15 rpaa.
OTHOCHUTEABHO BBIOPAHHOM OCU IIO YAaCOBOM CTpEAKe
u Ha 10 rpap. MIPOTUB YaCOBOU CTPEAKU AASL COMIOCTaB-
A€HUSI e€ C AOMACTIMHU, PAaCCUYUTAHHBIMM Ha ONTHUMYM
npu pacxope 1,3Q  u 0,7Q  COOTBETCTBEHHO.

BusyaabHO 3aMeTHO, UTO MOBEPHYTAs AOIACTb XOTh
U He MAEAABHO, HO B AOCTA@TOYHOM CTeleHU IIOBTOPSET
MIPOEKIIUN ONTHUMAABHBIX COCTOSHUU Ha pa3HBIX pac-
X0AaX. AN IIpEeABAPUTEABHOM OIleHKU 3(PEeKTUBHO-
CTU AQHHOTO MeToaa ObIA mpoBepéH psp CED pacueroB
C TMOBOPOTOM OITMMAALHOM AOIIAQCTH Ha pPa3AMUYHbIE
YTABI OTHOCHTEABHO BBIOPAHHOM TOYKHU. PacueT ma-
paMeTpoB Ha AQHHOM OJTalle IIPOBOAMACS COBMECTHO
C OTBOAOM HacocCa AAS MOAyUeHUsT 60Aee OO BeKTUBHBIX
BBIXOAHBIX AQHHBIX BCEM IIPOTOYHOW YaCTH HACOCQ,
a He TOABKO AHIIB €r0 pabo4yero Koaeca.

Pe3yAbTaThl pacueToB IIOKa3aAl, YTO IIOBOPOT AOIIa-
CTHU OTHOCUTEABHO BBIOPAaHHOM OCU BpallleHus (puc. 3a)
OKa3bIBaeT He3HAUUTEAbHOE BAMSHUE Ha TUAPaBAUYe-
ckun KITA Bcero Hacoca (puc. 4), TeM He MeHee UHTe-
pec IpeACTaBAseT BUA IOAYYEHHOM HAIIOPHOM Xapak-
TEPUCTUKU (PUC. O) U, KaK CAEACTBUE, XapPaKTEPUCTUK
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Puc. 5. Hanmop m 3aTpaunBaeMasi MOIJHOCTh Ha BaAy Hacoca
c paboyuMu KoArecaMH, MMEIOINMH HEMOABHIKHYIO
¥ MOABVJKHYIO AOTIACTHYIO PEIIETKY: CIIAOLIHbIE AMHHU —
KpHUBbIe Hanopa; MyHKTUPHbIe AMHIUHA — KPHBble MOIHOCTH
Fig. 5. Head and power consumption on the pump shaft with
stationary and movable blade systems: solid lines — head
curves; dashed lines — power curves

Viskocty in 511 Fravne
)

Puc. 6. IToAe 1 BEKTOPBI OTHOCUTEABHON CKOPOCTU BHYTPHU

MPOTOYHON yacTu npu pacxope 0,6Q  : cresa — pabGouee

KOAECO C HEMOABVIKHOM AOMACTHON PENIETKON; cripaBa —
C MOABHMIKHOM AONACTHON PeméTKOM

Fig. 6. Field and relative velocity vectors inside the flow part

at a flow rate of 0,6@Q : on the left — an impeller with a fixed

onr’

blade grate; on the right — a movable blade grate

3aTpaynMBaeMol MOIIHOCTUA. [loaydeHHass HamopHas
XapaKTepUCTHUKa y pabodero Koaeca C Bpalljaroliei-
Cs1 AOIIACTHOU PEIIETKON IMIPEACTaBAsIET COOOM IIOAU-
HOM BTOPOTO IIOPsIAKA C 9KCTPEMYMOM, HaXOASIIUMCS
npaBee paboyer TOYKHU, B TO BpeMs Kak y pabouero
KOAeCa C HEMOABMJKHBIMH AONACTSIMU 3KCTPEMYM IIO-
AMHOMAa HaXOAUTCS B palioHe XOAOCTOTO XOAA Hacoca,
T.e. IPU HyAeBOU nopade. [ToAyueHHEBIN BUA HAllOPHOMN
XapaKTepHUCTUKU Ha3bIBaeTCs BO3PACTAIOMIMM U TaKOM
BHUA TEOPETUYECKON XapaKTePUCTUKHU UMeIOT pabouue
KOAéCa C HENOABMIKHBIMM AOTNACTHLIMU PeIIéTKaMU,
Y KOTODBIX YTOA HAKAOHA Ha Iepudepun Ooree
90 rpap., T.e. BHITHYTEI Bllepea. OpHAaKO, TakKue AOIa-
CTH He HAIIAM IIOBCEMeCTHOro INpPHUMeHeHUs B CBA3U
C UX HEBO3MOJKHOCTBIO COTAQCOBAHUSI TeUeHUsI C OT-
BOAOM BO BceM paboueM AMamna3zoHe, UTO IIPUBOAUT
K YBEAUUYEHHBIM IIOTEpPAM U, KaK CAEACTBHE, K IIpPeo6-
Pa30BaHUIO HANIOPHOM XapaKTePUCTUKM Ha HUCXOAM-
uyto. B To >)Ke Bpems y pabodero kKoaneca € IOABUIK-
HOM AOIACTHOM PeLIETKOM B AQHHOM IIpHUMeEpe YrOA
HaKAOHA Ha nepudepun MeHee 90 rpap. U MOAyUeHHAs
BOCXOAAIIAs HAIIOPHAs XapaKTepUCTUKAa 00pa3oBarach
B pe3yAbTaTe COEAVHEHMS MHOXKeCTBAa HHUCXOAANINX
XapaKTepUCTUK, Ka’kKAasd M3 KOTOPBIX COOTBETCTBYEeT
CBOEMY yTAYy IIOBOPOTa AOIACTH.

Ha puc. 6 mpeacTaBAeHBI IIOAS U BEKTOpa CKOPO-
CcTell AAd MCCAEAYEeMOro BapHaHTa C HMCXOAHBIM OII-
TEMU3UPOBAHHLEIM pPab0OUYMM KOAECOM U C TeM JKe
KOAECOM, HO C M3MEHEHHBIM IIOAOJKEHUEM AOIacTel
mpu pacxoae 0,6Q_ .

a) 0)

Puc. 7. IIpyHIUNINaAbHbIE CXEMBI
peaAu3sanuy CHCTeMbl U3MEeHeHHs
reoMeTPUYEeCKOro COCTOSTHUS
AOTIaCTHOM PEIIETKU: @ — C MOMOIIBIO
NPY>KHMHHOTO YA€MEeHTa;

0 — Mo MPUHIMITY MarHUTHON MY(THI
Fig. 7. Schematic diagrams of the
implementation of a system for
changing the geometric state of a blade
grid: a — using a spring element;

6 — using the principle of a magnetic
coupling

CTOouT OTMETHUTh, YTO Ha puc. 6 y pabodero Koaeca
C TOABMJKHOM AOIACTHOM PEIIETKOM AOIIaCTU IIOBEP-
HYTBI IO YIOMSHYTOW paHee cXeMe, IIpUYeM yTOA IIO-
AOOpaH TakMM 00pa3oM, UYTOOBI TUAPaBAmdYecKui KITA
UMeA HauOOAbLIIee 3HQUYEeHUE.

F'oBopst 0 cmocobax peaAn3alnviyl IIPEAAOSKEHHOTO
MeTOAQ, CTOUT OTMETHUTbh, YTO HAa AQHHOM 3Talle I[eAbIO
HUCCAEAOBAHUS SIBASIETCSI yCTaHOBAeHHe 3(PMeKTUBHO-
CTU er0 MCIOAb30BaHMSI Ha IPAKTHKe U BBISIBACHUE
11eAeCOO0OPAa3HOCTH AQABHEMIINX UCCAepAOBaHUM. [loa-
poOnast mpopaboTKa CXeM peaAu3aluud AQHHOTO METO-
Aa TpeOyeT OTAEABHOTO MCcCcAepoBaHUs. [Ipeanonaaraer-
Cs, YTO OIMCaHHAasA CUCTeMa AOAJKHA OBITh pearnsyema
B IIpoIlecce B3KCIAyaTallUM HACOCHOTO arperara, TO
eCTb AOIIACTHAasl CHUCTeMa AOAKHA AMOO caMa MOACTpa-
UBaTh AOIACTH II0A Hauboaee IIOAXOASINEee IIOAOKe-
HUe, AN6O C TOMOIIBIO BHEITHETO BO3ACHCTBUS, HAIIPH-
Mep, CUCTeMEBI yrpaBAaeHUs. Ha puc. 7 mpeacTaBAeHBD
ABe BO3MOJKHBIe IPUHIIMIINAABHBIE CXeMBl PeaAu3aluu
MAHHOU CHUCTEMBI: C IIOMOIIBIO IIPY;KUHHOIO 3AeMeHTa
U II0 IPUHIIAIY MAarHUTHOU MY(TEL.

Ha puc. 7a u3oOpakeHa IpUHIIUINIKMAABHAA CXeMa
C TPYKUHHBIM DAE€MEHTOM. Pe3yAbTHpyIoIasi CHAQ,
BO3AEMCTBYIOIIasA Ha AOIACTh, NMPEACTaBA€HAa CYMMON
TUAPABAUYECKUX M IeHTPOOeKHO! cuA. TakuMm obpa-
30M, €CAM Ha AOIAcTb OyAeT BO3AEMCTBOBATL HeKas
TIPOTUBOAEMUCTBYIONIAsA CHAQ, HaIlpuUMep, OT MpPY’KUH-
HOTO JAEMEeHTa, TO OHa CMOYKEeT KOMIIEHCHMPOBATh WX
¥ AOIIaCThb 3aHMeT OIIPeAeAeHHOe TIOAOJKEeHNEe, COOTBET-
CTBYIOIIlee TOMY UAM MHOMY PEeKMMY PabOTHI HAcOCa.

Ha pumc. 76 uszobpakeHa NIpUHIIUINAAbHAsg CXe-
Ma C CHUCTeMOM MarHuToB. B 3TOM cAydae AomaTka
HaOMpaeTcss CEerMEeHTHO M3 MArHuToB (mo3unus 1).
3a BeAYIINM U BEAOMBIM AMCKaMU HaXOASTCSI OTBETHBIE
YaCTU CUCTEMEI, SIBASIOIIMECSI OAHUM IIeABIM C pabo-
9yuM KoaecoM (mosunug 2). OHU COCTOAT U3 MArHUTOB
U HeKOTOPOTO MeXaHH3Ma, KOTOPBIM INepeMelllaeT WX
OIIpeAeAEHHBIM 00pa3oM. B pesyabTaTe mepemeleHust
OyAeT U3MeHATHCA U PopMa CaMOU AOIACTU.

Ha aaHHOM »JTame MOJKHO IIOAAraTh, YTO IIpUMe-
HeHHe TaKoro pabodero KOAeca TeOpPeTUYeCKH MO-
>KeT COKPATUTh: BO-IIEPBBIX, 3aTPAUMBAEMyI0 3HEPTUIO
B IPHUHIUINE B CBI3U C yMeHbIIeHHeM IOTpeOHON
SHEepPTUH; BO-BTOPHIX, CO CHUI)KEeHUEeM IIOTephb IIpU pe-
TYAUPOBAHUM IIOAQUM HAcoca APOCCEAMPOBAHHEM.
Ha puc. 8 rpaduueckm mnpepcTaBAeHA TPUHIIUIIAAADL-
Hasg pas3HUI@ IPU PEeryAMPOBAaHWHU ABYX paccMaTpu-
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Puc. 8. PeryaupoBaHue Hacoca 3aABHXXKOI
C MOABYIJKHOM M HEIOABHMIKHOI AOIIQCTHBIMH
peméTrKkaMu
Fig. 8. Pump control using a valve with
stationary and movable blade systems

BaeMBbIX HACOCOB 3aABMIKKOM. Ha puc. 8 m3obOpaskeHEl
IO ABe HANOpPHLIE U MOIIMHOCTHBIE XapaKTePHUCTHUKU:
Hacoca C HENMOABMI)KHOM AomacTHOM perreTkon H(Q)
u N(Q) ¥ TOABUKHOM AOIAcCTHOM perrérkon H'(Q)
u N'(Q) cooTBeTcTBeHHO. B paBoueil Touke HACOCOB,
COOTBETCTBYIOLIEH Mopade (@, XapaKTePUCTUKM Ha-
COCOB TepeceKaloTcs. [Ipy yMeHBIIeHHUN UX I[IOAQYU
A0 Q, HEOOXOAMMO MyTeM YBEAMYEHUsI CONPOTHUBAE-
HUS THAPOCHUCTEMBl HM3MEHUTL €€ IIepBOHAYaAbHYIO
xapakrepuctuky H_(Q) ao Bupa H,(Q) ars Hacoca
C HENOABMJKHBIMH AomaTKaMu u A0 H',(Q) — c moa-
BIDKHBIMU AOTATKaAMM COOTBETCTBeHHO. [Ipu aToM us-
MeHEeHUHN Halop Hacoca C HeTMOABUKHBIMU AOTACTSIMU
BBIpacTeT Ha BeAWdnHy AH, a MOIIHOCTbL YMEHBIIUTCS
Ha BeanuuHy AN. B TO >)Ke BpeMs y Hacoca C IOABUIK-
HBIMU AONACTAMU HAINOp YMEHBIIUTCA Ha BEAMYHHY
AH', MOIIHOCTb YMEHBUINTCST Ha BeAnuuny AN’

M3 puc. 8 oueBWAHO, uTO BeamumHa AN > AN
BO BCEX CAydYasx, korpa Q, < Q,. Takum oGpasoM, mpu
YMEHBIIEHUN IIOAQYM APOCCEAWPOBAHUEM JKOHOMMUS
SHEPTUU Bcerpa OyAeT YBEAWUMBATHLCS C YBEAWYEHUEM
Koa(puUuImeHTa ApocceanpoBanusd. B To ke Bpems OT-
KAOHEHME TIOAQYM BIIPABO OTHOCUTEABHO Q) IPUBEAET
K POBHO MPOTHUBOIOAOXKHBIM 3dderTaM. VMx MOKHO
n30e’kaTh, €CAM HM3HAYaAbHO CIHPOEKTUPOBATH HACOC
TaKMM 00pa3oM, 4TOOBI TOYKAa IepecedyeHus, KOTOPOU
COOTBETCTBYeT mopada (), Ha PHC. 8, ABASIAACH BepX-
Hel rpaHuIeld padouyero aAuarasoHa IIo IIopade Hacoca.
Torpa Bech paboumii AuanaszoH Hacoca C Bpalllaioliu-
MUCs AOIACTSIMU OyAeT TpeOoBaTh MeHbllle 3Heprosa-
TpaT, 4eM y aHAAOTMYHOTO HAcoca ¢ (PMKCUPOBAHHOU
AOIIACTHOU PENIETKOM, He YCTyIlas IIPU 3TOM B THAPAB-
anmvyeckoM KITA Hacoca ¢ HEMOABUKHBIMM AOIIaTKaMU.

3aKAl0UYeHHue

ITpoBepénnsniii psgp CFD pacueToB HMO3BOAHUA CA€-
AQTh BBIBOABI O AAABHEHIIEW 1eAecoo0pa3HOCTH
pa3BUTHSI AQHHOTO TIOAXOAQ M alpPOOMPOBAHUS €ro
Ha npakTuke. ITo pe3yabraTaM IPOBEAEHHBIX KCCAE-
AOBaHHMIN OBIAO YCTAaHOBAEHO, YTO BpallleHHe Ka’KAOU
AOTIACTH OTHOCHUTEABHO CBOEM OCH BpallleHUs B pac-
cMaTpUBaeMOM BapHaHTe IPUBEAO K M3MeHEeHMIO Ha-
TIOPHOM XapaKTepPHUCTUKU Hacoca B CTOPOHY CMeIlleHUs
SKCTpeMyMa IapaboAbl Hamopa BIPaBO OTHOCHUTEABHO
HYAeBOU opayu. TakuM o0pa3oM, Oblra TOAYYEeHa BOC-
XOAAIasl HANlOpHAs XapaKTepHUCTHKa, OOpa3oBaHHAs
CeMeMCTBOM HUCXOAANINX HAIIOPHBIX Iapaboa, KaXkpast
U3 KOTOPBIX COOTBETCTBYET ONPEACAEHHOMY YTAY IIO-
BOPOTa AONACTHU. VI3MeHeHWe HAIIOPHOU XapaKTepu-
CTHUKU MMEHHO TaKVM CIIOCOOOM IPHUBEAO K yMeHBIIIe-
HHIO 3aTPAaYMBaeMOM SHEPTUU HAcoca NPU COXPaHEHUHU

B IIeAOM ruppaBandeckoro KITA npoToyHoOM yacTu, 4TO
MO>KHO paccMaTpuUBaTh Kak o0llee yBeAWueHUe 3Hep-
ro3(p@EKTUBHOCTA HACOCA OTHOCUTEABHO €ro aHaAora
C HEIMOABUMI)XHOM AOIIACTHOM PEIIETKOM.

[MoayueHHEBIE pe3yAbTaThI CBUAETEABCTBYIOT
O IepCNeKTUBHOCTU NPOBEAECHUS AAABHEMIINX HCCAe-
AOBAHUM, BBIIBA€HUU TEOPETUYeCKUX 3aBUCHUMOCTEH,
a TAaK’Ke BAAMAAQLIMU IIOAYYEHHBIX PE3yAbTATOB IIYyTEM
NIPOBEAEHUSA PSAAQ HATYPHBIX 3KCIIEPUMEHTOB.
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MOV ABLE BLADE SYSTEMS OF LOW SPECIFIC SPEED
CENTRIFUGAL PUMPS

K. E. Denisov, A. K. Liamasov

National Research University «<Moscow Power Engineering Institute»,
Russia, Moscow, Krasnokazarmennaya Str., 14, bild. 1, 111250

One of the most common types of pumping units used in industry are centrifugal pumps. In turn, there
is a classification of centrifugal pumps according to design features. So-called low specific speed pumps
are designed for low flow and high pressure. This type of pump is widely used in the chemical and oil
industries due to its operating conditions, which involve overcoming the resistance of long technological
pipelines. At the same time, low specific speed centrifugal pumps have low energy efficiency due to
extensive vortex formation the moving fluid inside the flow area. In order to increase the energy
efficiency of low specific speed pumps, a new approach to the design of the main operational entity
of the centrifugal pumps. The identity of the approach lies in the use of a movable blade system in low
specific speed centrifugal impellers. The geometry of their meridian projection, peculiar only to low
specific speed impellers, has been adapted to the possibility of rotating each separate blade relative
to its axis of rotation. The mobility of the blades will allow to influence the hydrodynamics not only in
the impeller by changing the width of the inter-blade channel and the blade angles at the blades at
the inlet and outlet, but also, as a result, in the volute, which will lead to greater coherence of their
flow modes. Numerical calculations showed that the proposed approach is able to change the work
characteristics of a centrifugal pump by reducing its power consumption over the entire operating
range, which can be considered as an increase in the energy efficiency of the pumping unit.

Keywords: centrifugal pump, impeller, blade system, centrifugal pump regulation, energy efficiency,

hydrodynamics, numerical modelling, optimization of the flow part.
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