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Features of creating mine sectional

double-flow pumps
A. O. Islent'ev, E. O. Churakov

The subjects of examination are mine sectional centrifugal double-flow pumps. The main advantage of
such pumps in comparison with the single-flow ones is a lack of hydraulic unloading device that allows
unloading the axial forces of the pump. This entails increasing the number of indicators. It raises the
question of the the features of creation of these pumps.

One of the key requirements in the development of dual-flow pumps is providing identical conditions,
favorable from the point of hydraulic view, for the fluid inlet on the first impellers of both %.roups of sections,
and its exit from the last impellers, which implies a special attention to the structure of the this parts of the
pump. Since the original version of the design involves the use of element base of single-flow pumps of
centrifugal sectional pumps type and suction components of structure remain fairly perfect, consideration
of the unique part of the dual stream pump, namely the decreasing space is the main purpose of the work.
Authors consider in detail the process of transition of the liquid from the last impellers to the decreasing
space (further liquid enters the conduit), since it has a great influence on the efficiency of the output
portion and the whole pump. The relationship between the resistance of individual transfer channels and
the avera%e fluid velocity through them is shown.

Through theoretical methods and transformation of formulas, we can derive the relative pressure losses in
the transfer channels, which is a dimensionless quantity. They are defined only by the pump construction
geometry and the velocity distribution in the channels and chambers of scapular outlets. The study results
allow us to assume that the relative value of pressure losses in the base sample pump (originally produced)

can be extended to the whole series of types of such pumps.
Keywords: double-flow mine pumps; requirements; pressure; losses; decreasing space.

OG6LEKTOM PACCMOTPEHMS CTATLM SBASIIOTCS IIAXT-
Hbl€e CEKUMOHHbIE LEHTPOOEKHbIE ABYXNOTOYHLIE
Hacocbl. OCHOBHBLIM MPEMMYLIECTBOM TAKMX Ha-
COCOB MO CPABHEHMIO C OAHONMOTOYHLIMM SIBASIET-
Csl OTCYTCTBME TMAPABAMYECKOIO PAa3rpy304HOro
YCTPOWCTBA, MO3BOASIIOIIEE PA3IPY3UTL OCEBLIE
CHMABI HACOCA. JTO BAevYeT 3a co00¥ moBbIlIEeHME
psiaa nokasareaeii. loaHmmaercs Bonpoc ocobeH-
HOCTEN CO3AAHMSA TAKMX HACOCOB.

OAHMM M3 OCHOBHLIX TPeOOBaHMIii mMpM paspa-
60OTKE ABYXNOTOYHBLIX HACOCOB sIBAsieTCH obec-
nevyeHMe MAEHTUYHLIX, OGAArONPMATHLIX C TOYKM
3peHMs TMAPABAMKM YCAOBMI BXOAQ JKMAKOCTM HA
nepsuie paboume KoAéca obemx rpynn cexkumi, a
TaK)Ke €€ BBLIXOAA C MOCAEAHMX KOAEC, YTO MpeA-
noAaraer 0co60e BHMMAaHME K KOHCTPYKUMSAM 3THMX
y3A0B Hacoca. [IoCKOAbLKY mepBOHAYAALHLI BapM-
AHT KOHCTPYKLIMM MOAPA3YMEBAET MCNOAL30BAHME
3AE€MEHTHONM 6a3bl OAHOMOTOYHLIX HACOCOB TMNA
HHC m BcachiBalomme y3Abl KOHCTPYKUMM OCTa-
IOTCA AOCTATOYHO COBEPHIEHHLIMM, PAaCCMOTpe-
HME YHMKAALHOM YAacCTM ABYXMOTOYHOIO HACOCA, A
MMEHHO HATHETATEALHOM MOAOCTM SIBASIETCS OC-
HOBHOW LIEALIO MPOBEAEHHOM PA6oTLI.

TMoApO6GHO PACCMOTPEH MPOUECC MEPEXOAA IKMA-
KOCTM OT NMOCAEAHMX PAbo4MxX KOAEC B MOAOCTL
HarHeTaHms (rAe Aanee JKMAKOCTL MNMOCTyNaeTr B
Tpy6ONpoOBOA), TAK KAK OH OKA3LIBAET GoAbmoOe
BAMsIHME HA 3(pHEeKTUBHOCTL BLIXOAHOWM 4YaCTM M
BCEro Hacoca B eAoM. [lokasaHa CBS3b MEXXAY CO-

MPOTUBAEHMAMM OTAGALHLIX i-X MEepPEeBOAHLIX Ka-
HAAOB M CPEAHE CKOPOCTM ABMIKEHMSI JKMAKOCTM
no HMM. TeopeTUYECKMM METOAOM, MYTEM Mpeo-
6pasoBannii ()OPMYA BLIBOASTCSI OTHOCHTEABLHbLIE
MOTEPM AABAEHMSI B NMEPEBOAHBLIX KaHAAAX, KOTO-
puie siBAsIOTCA 6Ge3pasmepHoi BeAMUYMHON. OHM
ONPEAEASIOTCS TOALKO FeOMeTpMeil KOHCTPYKUMM
HACOCA M PACNPEAEACHMEM CKOPOCTEN B KAHAAAX
M KaMepax AOMATOYHBLIX OTBOAOB. Pe3yAbTaTnl MC-
CAEAOBaHMSI AQAIOT HAM BO3MOJXKHOCTL NMPEAINOAO-
JKMTD, YTO 3HAYEHNE OTHOCUTEALHLIX MOTEPDL AAB-
AeHms 6a3oBoro o6pasua Hacoca (MepBOHAYAALHO
M3rOTOBAECHHOIO) MOXET ObLITh PACNPOCTPAHEHO
HA BEChb TMNOPSA TAKMX HACOCOB.

KatoyeBbie CAOBa: WAXTHLIE ABYXIMOTOYHLIE HACOCLI;
TpebOBaHMsl; AABAEHUE; MOTEPU; MOAOCTL HATHETAHMSI.

IIAXTHBIM IIeHTPOOEXHBIM HACOCaM IJIaB-

HOTO M Y4aCTKOBOTO BOJJOOT/IMBA IIPU UX

pa3paboTKe MpPeAbABIAITCA CIIEAYIOLIe
OCHOBHbIe TpeOOBaHMA: BBICOKAsA CTEIleHb COBEp-
IIeHCTBa 6a30BOJ TMPABINYECKON CXeMbl HAcoca,
3HaueHme MakcuMmanbHoro KIIII we menee 0,8-0,82,
IIPOCTOTA PEryIMpOBaHNsA, TEXHOOTMYHOCTD U3TO0-
TOBJICHNSI, HapabOTKa /IO KalMTaJIbHOIO PEMOHTa
He MeHee 6500 4 u gpyrue. IuppaBnnyeckne cxembl
TaK/X HacOCOB, KaK IpaBU/IO, He JJOJDKHBI IIpemyc-
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TEXHWYECKWE HAYKIN

MaTpMBaTh JOPOTOCTOSAIINX Y37IOB, YCTOXHAIOMINX
IPOTOYHYIO YaCTb HACOCA, CHIDKAIOLIMX €r0 HaJexX-
HOCTb, YBEINYMBAIOLINX MAaTepUaNToEMKOCTb 1 TPy-
TTOEMKOCTb M3TOTOBIEHN .

B Hanbornbleit cTerieHy BceM 3TUM TpeOOBaHM-
AM OTBEYAIOT ABYXIIOTOYHBIE CeKIIVIOHHbIE HACOCHI,
co3flaBaeMble Ha 9/IeMEHTHOI 6a3e OJHOIIOTOYHBIX
Hacocos [1, 2]. Pa3genuB npoTOYHYIO 4acTh Hacoca
Ha JIBe OJMIHAKOBbIE I'PYIIIbI CMMMETPUYHO pacmo-
JIOKEHHBIX 110 OTHOLIEHWIO APYT K APYTy CEeKLMIi,
HOJIBOJ, XXVUJKOCTY K KOTOPBIM OCYIIEeCTBIIAETCA C
IPOTUBOIIOJIOKHBIX CTOPOH (Yepe3 BCachIBAIOIIVe
HaTpyOKM OJVHAKOBBIX BCACBIBAIOLINX TOPLEBBIX
KpBIIIEK), @ OTBOJ, — 4epe3 OOLINII HarHeTaTeNlb-
HBIII IATPYOOK B IIEHTPe IPOTOYHON YaCTH, MOXKHO
IOJTYYNTh CEKIVIOHHBI HACOC CO BCEMU €ro Ipen-
MYIeCTBAMMU: TEXHOJOTMYHOCTBIO M3TOTOBJICHNA,
MMHUMa/IbHBIMI TOKa3aTe/IAMI MaTepuanoEéMKO-
CTM M MaccorabapuTHOCTY, HPOCTOTON cCIlocoba
perymmpoBaHys Hamnopa (M3MeHeHMeM KOIN4ecTBa
cextuii) u pp. Ilpu atom ysenmuenuto KIIJI, Han-
@KHOCTH U JO/ITOBEYHOCTH Hacoca OyneT crnocob-
CTBOBATb YCTPaHEHNE U3 €r0 CXeMBbl TUipaByiye-
CKOTO Pa3rpy30yHOro YCTPONCTBa (TMAPOIATHI) U
VICIIO/Ib30BaHMe /I KOMIIEHCALMU OCEBOJ CVJIBI
Hanbojiee COBEPIIEHHOIO CIIocoba — CUMMeTpud-
HOTO pacnonoxeHus pabounx konéc. Kpome roro,
yCTpaHeHMe M3 CXeMbl ABYXIIOTOYHOTO Hacoca
HAarHeTaTe/IbHOV KPBIIIKY C HarHeTaTe/IbHBIM IIa-
TPyOKOM ¥ IPAKTMYECKU IIOJTHOE MCIIO/Ib30BaHUE
BCEIl 9JIEMEHTHOI 6a3bl OJHOIIOTOYHBIX HACOCOB
HOBBIIIACT YHU(DUKALNIO Y37I0B HACOCA M TEXHO-
JIOTMYHOCTb ero usrotopjeHus. CiefoBaTeIbHO,
[BYXIIOTOYHbIE CEKI[VIOHHble HACOChI OTBEYAIOT
IPaKTUYeCKNM BCEeM OTMEYEHHBIM BBIIIE, JOCTa-
TOYHO )XeCTKMM TPeOOBaHNUAM, IPebABIAEMbIM K
JaHHOMY BUJy TOPHOII TeXHUKI.

31echb cefyeT OTMETUTD, YTO pa3paboTka pac-
CMaTpMBaeMBIX HACOCOB Ha 9JIEMEHTHOII 6ase cek-
IIVIOHHBIX OIHOIIOTOYHBIX HACOCOB ABJISAETCS OHUM
13 BO3MOXXHBIX IIepBOHAYa/IbHBIX BapuaHTOB. He-
COMHEHHBIM JJOCTOMHCTBOM 3TOTO BapuaHTa SBJIA-
eTCsl MUHMMU3AIMs MaTepyalbHBIX ¥ BPEMEHHBIX
3aTpaT Ha OCBOEHME IIPOMBIIIICHHOTO IPOU3BOJ-
cTBa HacocoB. KoHeuHo, Ipy 9TOM He MCKITI0YaeTcst
paspaboTKa HOBBIX, HAalpuMep, 6ojee BBICOKOHA-
HOPHBIX JBYXIIOTOYHBIX HACOCOB (C HOMUHAIBHBIM
HAIopoM Ha offHO Konméco 150-200 M u 6onee mmun
4ucioM pabounx Konéc 6omee 10). Bo BcsakoM ciy-
Jae, HAIIOPHOCTb BYXIIOTOYHBIX HACOCOB TaK JKe,
KaK ) OJJHOIIOTOYHBIX, NPMHIUINAIBHO He Orpa-
HIYeHa TU/IPaBINYeCKUMI VIV KaKUMM-TN00 KOH-
CTPYKTVMBHBIMM OTPAaHVYEHUAMM, XapaKTePHBIMI,
HAIIpUMep, /IS CIIMPA/IbHBIX HACOCOB.

OnHuM Y3 OCHOBHBIX TpeOOBaHWIT IpK pas-
paboTKe ABYXIIOTOYHBIX HACOCOB SBJIACTCS 0bOec-
HedyeHNe MIAEHTUYHBIX, OarolpUATHBIX C TOYKU
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CxeMa mepeBoOfja >KMAKOCTH OT paGoumx Konéc B
HO/IOCTh HAaTHETAHUsA ABYXIOTOYHOTO Hacoca. 1 -
BBIXOfjHble pabodne Koméca; 2 — MePEBOLHbIE KAHAJIBI
JIOIIATOYHBIX OTBOJOB; 3 — MOJIOCTb HArHETAaHWsI Hacoca /
Transfer the fluid from the impellers into the cavity of
the discharge of dual pump.

3peHMs TUMIPABIVIKY, YC/IOBMII BXOfA >KUAKOCTHU
Ha HepBble paboure Konéca 06enx TPy CeKLuii,
a TakKe e€ BBIXOfia C MOCTeNHNX KOJIEC, YTO Ipef-
nosaraeT 0co6oe BHUMaHVe K KOHCTPYKLVISAM 3TUX
y3710B Hacoca. VI3BecTHO, 4TO IO MpUYMHE UX Hey-
IaYHOTO KOHCTPYKTUBHOTO PellleHNs B HacoCe TUIIA
I'MC (TopnoBckmit, MOLIHBIN, CTalMOHAPHBII) [3],
HOCTIefHIIT He OBbUT JOBEAEH [0 MPOMBIIIIEHHOTO
IIPOM3BOJCTBA.

ITockonbKy BcachIBaroiye y3/Ibl HACOCOB TUIIA
IOHC, ncnonbsyeMble B [BYXIOTOYHBIX HACOCAX,
OTHOCATCA K JOCTaTOYHO COBEPUIEHHBIM KOHCTPYK-
TUBHBIM peLIeHNAM, PACCMOTPUM UX BBIXOZHYIO
(HarHeTaTeNbHYI0) YacTb, COCTOSIIYIO U3 BBIXOJ-
HBIX pabouMx KOJIEC 1, IOMaTOYHBIX OTBOJOB C IIe-
PeBOIHBIMU KaHa/IaM! 2, TOJIOCTY HAarHeTaHMs 3,
COOOIIEHHOIT C HaTHEeTaTe/IbHBIM MaTPyOKOM (puc.).
ITpu 3TOM XXMAKOCTD C BBIXOAA paboUMX KOIEC de-
pe3 JIomaTOYHble OTBOABI U IIePeBOJHBbIE KAHA/IbI
IepeTeKaeT B IIOJIOCTb HAaTHeTaHMS U flajiee B Ha-
THeTaTe/TbHBIIl TaTPyOOK.

PaccmorpuM mporecc sToro mepexopa, IIO-
CKOJ/IBKY €ro BJVsAHME Ha 9(PeKTUBHOCTD BBIXOJ-
HOJl YacTM ¥ BCErO HAcOoCa B LIEJIOM HOCTATOYHO
BermuKo. O003HAYMM cpefiHee HaBjIeHVe Ha BBIXOJe
u3 pabounx Konéc P, a cpefiHee jaB/leHNe B MOJIO-
ctu Harneranus — P . Torga cpennme ckopoctu V.
" K03 PUIMEeHTI COPOTUBIEHNUS OTHEIBHBIX i-X
IIepeBOJIHBIX KaHA/IOB & OYyT CBA3aHBI MEX]Ty CO-
6011 CIeAYIOLIM COOTHOLICHMEM:

§,V? = const. (1)

ITo cBOEMY mENCTBUIO YBENMYEHNE NI YMEHb-
HIeHNE [aB/IE€HUA II0 CPaBHEHMIO CO CPENHUM
BO/IN3Y BXOJA M BBIXOa U3 KaHa/lTa COOTBETCTBYET
YMEHBIIEHUIO VIM YBEINYEHNIO €r0 COIPOTUBIIE-

M3BECTUA YPA/IbCKOI0 roOCYJAPCTBEHHOIO rOPHOIMO YHUBEPCUTETA



H1A. CKOPOCTH ITOTOKA B KaHa/IaX OKaXXYTCs OOMb-
e JIM MeHbIe CKOPOCTel, COOTBETCTBYIOIINX
CpefHeMY JIaB/IeHMIO.

B 106011 TOYKe BBIXOMHOM YaCTU JIOMATOYHBIX
OTBOJIOB M TIOJIOCTY HarHeTaHMsA HAacoca JaBIeHN
OymyT OTNIMYAThCA OT 3HaYeHuit P, u P B 60mbIiryio
VIV MEHBIIYIO CTOPOHY Ha BenmuuHy +AP. OpHa-
KO y KaKOJ-TO YacTV KaHAJ0B CKOPOCTU ITOTOKOB
COXPaHAT 3HAYEHMdA, COOTBETCTBYIOIIVE CPEIHUM
3HaYeHUsM JaBnenuit P, v P

ITpu atom ypaBHeHue (1) mpumeT BUf

(Ei+ AE:‘) ’ (sz + V,z) = E,'Viz'

Vinu nocne npeo6pasoBanmit

(1+A—E"}-(1+ﬂJ =1.
; V;

Crasp Mexxy BenmmamHamu §, AL, V, AV, u AP,
MOXeT ObITh YCTAaHOB/ICHA CTIEAYOMNM 06pasoM:

(2)

P2+AR.—PO=E%(V,- +AV,), (3)

I7ie p — IVIOTHOCTb KUTKOCTI.
Vi

P,-P, =Ei%Vf. (4)

W3 Boipaxkennit (2), (3) n (4) HaxopuMm

()b

p/2V;
e AP /(p/ 2-Viz)=A_Pi — OTHOCUTE/IbHbIE IIOTEPU
OABJIEHN:A B IEPEBOIHBIX KaHAMAX.

Ha pexxume aBTOMOpenbHocTn AP, — 6e3pas-
MepHas BeIUYMHA, ONpefensgeMas TOIbKO reoMe-
Tpuell KOHCTPYKLIMM HACOCAa M paclpefeieHneM
CKOpOCTell B KaHaaaxX ¥ KaMepax JIONAaTOYHBIX OT-
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BOJIOB (eC/IM pacIpefieieHyie CKOpOCTell He MeHseT-
CS, TO 3HAYEHNE AP, TAK)Ke OCTAETCA TIOCTOSHHDIM).
CrnepoBarenbHO M3MeHeHVe MacIITaba reoMeTpuye-
CKM ITOfI0OHBIX KOHCTPYKIIMI BCETO TUIIOPSA/A ABYX-
notouyHbix HacocoB ITHC]I He MOMKHO M3MEHSATH
aTOJ BemmuuHBL IIpyu paspaboTke ABYXIOTOYHBIX
HacocoB 3HaueHnme AP, 6asoBoro obpasia Hacoca
(mepBOHAYaTbHO pa3pabOTAHHOTO U U3TOTOBJIEHHO-
r0) MOXKET ObITb PACIIPOCTPAHEHO Ha BeCh TUIIOPSI],
reoMeTpUYeCcK ITOFOOHBIX MAIIVH.

MpuHamo k ny6nukayuu 21.01.2016
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