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BiiusiHve HEPAaBHOMEPHOCTH 3MIOP CKOPOCTEi Ha
HAMOP UEHTPOOEKHOT0 HACOCA

1 * 1 £
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'MITY um. H.D. baymana, Mocksa, Poccus

CraTbsl MOCBAILIEHA H3YYEHHUIO BIUSHHS HEPABHOMEPHOCTH SIIOP MEPUAMOHATIBHON M OKPYKHOMU
COCTaBIISIFOIIMX CKOPOCTH JKHIKOCTH Ha BBIXOZE M3 paboduero Kkojeca Ha HAmop LEHTPOOEKHOTO
Hacoca. B xome paboTel ObUIO OOHApyXEHO OTKJIOHGHHE 3HA4YCHUS HAlopa, ITOCYUTAHHOTO
TEOPETHYECKH, OT 3HAYEHUs, ONPEACICHHOTO METOAAMHU BBIYHCIUTEIBHON T'HAPOAWHAMUKH.
[IpeacraBneHsl B CBOAHBIX rpaduKax pe3yabTaThl YUCISHHOTO MoJenupoBanus. Harmop onpexensics
npu o0OMX 3HAUEHMSAX NOAAY JBYXPEKHMHOIO Hacoca JJisi BCeX HTepalMid, NPOWICHHBIX MpH
pa3paboTke MPOTOYHOM YacTu. B TekcTe cTaThy MpHBereHa UCIONb3yeMas MaTeMaTHYecKast MOJENb,
n300pakeHHs pacyeTHOM ceTkH, 3d Monenu NpoTo4yHO# uyacTh. [ OLEHKHM XapakTepa Te4eHHs

TPEACTABJICHEI ITOJIA paclIp€ACJICHUA JaBJICHUA U BEKTOPA CKOPOCTH.

KiaroueBbie ciioBa: I.[eHT‘pO6G)KHLII>'I HacoC, YUCJICHHAad THAPpOAUHAMHUKA, 3II0PA CKOPOCTHU

BBeaeHue

B Hacrosiiiee BpeMsi MOBCEMECTHO MCHOJB3YIOTCS AMHAMMUYECKHE T'MIPOMALINHBI, O0Jb-
IIYIO0 YaCTh KOTOPBIX COCTABISIOT LIEHTPOOEKHBIE HAcOChl. B Taknx Hacocax JBUKEHHE KHJIKO-
CTH M HEOOXOJMMBIN HAlop CO3/AI0TCS 3a CUET LIEHTPOOEKHOW CHUJIbI, BO3HUKAIOIIEH NPH B3au-
MoJieiicTBUH JlonacTeil pabouero Kojeca U nepeKkaunBaeMoi JKUKOCTH.

[lepBbIM 3TamoM pacyera HEHTPOOEKHBIX HACOCOB, KAK OTEUYECTBEHHBIX, TaK M 3apyOex-
HBIX, SIBJIIETCS ONpEeTICHHEe OCHOBHBIX ITapaMeTpOB pabovero Koseca ¢ MOCIEAYIOUIMM ONpeie-
JIEHUEM 3HA4YEHMS TEOPETUUYECKOTO Haropa. TeopeTudeckoe onpeneseHne rupaBIndecKUX M0-
Tepb 3aTPYJHUTENLHO, TOITOMY UX 3HAYEHUE MOKET MPUHUMATHCS IO MPUOIMKEHHONW SMITUPU-
yeckor ¢opmyne A. A. Jlomakuna [2,7], U3 ombITa TPOSKTUPOBAHUS MOJOOHBIX HACOCOB WIIH
IIPY TIOMOIIM YHCJIEHHOIO TMAPOJMHAMUYECKOTO MOJEIMPOBAHMS B CIIELUAIN3UPOBAHHBIX Ia-
KeTax.

OCHOBHBIM JIONYIIEHUEM NPU pacdyeTe TEOPETUUYECKOT0 Hamopa sIBJISETCS CTpyHHas Teo-
pusi, KOTOpasi HE YYUTHIBAET HEPABHOMEPHOCTEU PACIPEIEICHUS OKPYKHOU U MEPUIUOHAIBHOU
COCTaBJISIFOITUX CKOPOCTH Ha BBIXOJIE U3 pabouero kojeca [2,7].
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B nanHO# cTraTthe MCcneayeTcs BIUSHUAE 3TUX HEPAaBHOMEPHOCTEH Ha HAmop pabodero Ko-
Jeca Ha NpUMEPE OJHOU U3 CTYNEHEN MHOIOCTYNEHYAaTOr0 FrEpMETUYHOIO HAcoca, CIIPOEKTUPO-
BaHHOTO Ha Kadenpe ruapasiukd MI'TY um. H.D. baymana. Ocob6eHHOCTBIO paccMaTpHBaeMo-
ro Hacoca SIBJISIETCS IBYXPEKUMHOCTb, TO €CTh B TEXHHUYECKOM 3a/laHuU JUIsl IPOEKTUPOBAHUS
3a/1aHbl ABe paboure Touku 1 u 3 (pucyHox 1).

B HacTos1iee BpeMs He CyIIeCTBYeT METOAMK HIIM peKOMEHIaluii mo pa3paboTke moao06-
HBIX [IPOEKTOB, MO3TOMY OBLIO PEUICHO ONPEACIUTh MapaMeTpbl IPOTOYHOM YAaCTH METOJOM I10-
CJIEIOBATEIbHBIX MPHUOIMKEHUN, B X0/Ieé KOTOPOro MOCTENEHHO M3MEHSJINCh TaKue MmapaMeTpbl
pabouero xoineca, Kak BHEIIHUHA IuaMeTp, IIMpUHA KaHaja Ha BBIXOJE, YIOJ YCTAaHOBKH JIONa-

ctu. B xauecTBe nepBoro npuOIMKEeHUs KOJIECO PAaCCUNTHIBATIOCH Ha ONITUMAIIBHYIO TOUKY 2.
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Puc. 1. PacuerHsle pabodne TOUKH XapaKTEPUCTUKU CTYIICHU.

HccnegoBanme MMPOBOAUIIOCE CpEACTBAMU YHUCICHHOI'O MOACIUPOBAHHUA B CIICHUATIU3UPO-
BAaHHOM IIaKETC [1, 3, 5] HOJ’Iy‘ICHHOC B pE3YJIbTATC 3HAUCHUC HAIlOpa CPAaBHUBAJIOCH CO 3HAYC-
HUCM, ITOJTYYCHHBIM U3 TCOPCTHUUYCCKUX 3aBHCHMOCTEH.

Taxoxe mns OIIPCACIICHUS CTCIICHU BJIMAHUSA HA PE3YJIbTAT MOIPABKHW Ha KOHCUYHOC YHCIIO
HOHaCTCﬁ, 3HA4YCHHC KOTOpOﬁ BBIYHCIIACTCA HpI/I6HI/I)KeHHO, OIPECACIIAIIOCHh 3HAYCHUC OKp}OKHOﬁ
COCTaBHHIOHlefI CKOPOCTH KUAKOCTHU HA BBIXOAC U3 pa6oqer0 KoJieca.

MaTtemaTn4deckasa MmojeJib

I[J'ISI ONpCACIICHUA HAIlOpa TCOPCTHUUYCCKUM ITYTEM UCIOJIB3YCTCA BBIPAXKCHUC [2]

t g (TZ yw 21tby P tgPon 1)’

r7ie Yy — [onpaBKa Ha KOHEUHOE YHCIIO JIONACTEH;
1), — BeIMYMHA CTECHEHUSI TOTOKA Ha BBIXOJIE U3 KOJIeca;
f2,; — YroJ JIonacTy Ha BBIXOJIE U3 KOJIeca;

W — yrjioBasa CKOPOCTh BpallICHHA KOJICCA,
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T, — BHEIIHUW pajinyc KoJeca;

b, — mMpuHa KaHalla KoJieca Ha BBIXO/IE;

Q — pacxo[ )KUJIKOCTH Yepe3 KOJIeco;

K; — MOMEHT CKOpOCTH Ha BXO/JI€ B KOJIECO.

HJ’I?I HacocCa € OCEBBIM IMOABOAAIINM KaHAJIOM IIPUHUMACM

Kl == 0
OKpy>KHasi COCTaBIIAIOIAs CKOPOCTH KMKOCTH Ha BBIXOJIE U3 pabouero Koeca:
Cyz = NRYyw —
21by ot g Bosts

MeToa YMCIIEHHOTO MOJEIMPOBAHUS OCHOBAaH Ha PEUICHWU TUCKPETHBIX aHaJoroB 0a3o-
BBIX YPaBHEHUH T'MJIpOJUHAMUKH. B ciyyae Moaenu HecxkuMaeMol )KUIKOCTH (p=const) 3T0:

VYpaBHeHHE coXpaHEHHsI Macchl (ypaBHEHUE HEPA3PhIBHOCTH):
0uj A
oz,
%
;- OCPEHEHHOE 3HAYEHUE CKOPOCTH JKUAKOCTHU B POEKIIMHU Ha j-10 o¢h (j=1,2,3);
VYpaBHeHHE M3MEHEHUsl KOJIMYeCcTBa ABWKEHUs (ocpenHeHue no PeiiHonbjacy) B cTanuo-

HApHOW MMOCTAHOBKE

_ _9 0 [p» _
'D[lax]] ax +ax[ (uu])]

r7e P — OCpeIHEHHOE 3HAUCHHUES JIaBJICHHUS;
7 (U ~ o o
Tig' ) = 2148~ TEH30D BA3KHMX HANPSKEHUH IS HECKMMAEMON KUIKOCTH;
g =1 [_ale- U
U 2 “0x j 0x;

] - Tensop cxopoctu nepopmanuy;

p{u;u;) — PeliHOIBICOBBI HANPSKEHNS;
p — TUIOTHOCTb YKHUIKOCTH;
[ — TMHAMHYECKas BA3KOCTH JKUIKOCTH.
PeitHObICOBBI HANPSDKEHUE MOJICITHPOBAINCH Ha 0CHOBE k- SST Momenu TypOyIeHTHO-
CTH, YCIICITHO MpUMeHeHHast B [4, 6] U Bepu(UIMPOBaHHAS C SKCIIEPUMEHTAIBHBIMU JTaHHBIMH.
JlanHast MOJIeSTb BBOAUT YPaBHEHHS MEPEHOCA KHHETUYECKOW SHEPTrUH TYypOYJIEHTHOCTH U CKO-

POCTH €€ NUCCUIIALIUU, 3aMbIKas ITPUBCACHHBIC BBIIIIC YPABHCHUA:

ok ok 0 ok

—+U.—=P -Bko+—|(v+o,v,) —

o Vig P axj( “)axj
a—w+U‘6—(D:OL-SZ—B-032+i (v+c$mvT)-a—(D +2-(1-E)- cmz-l-%-a—m

ot ox. X, X, o 0x;, OX,

j ] j
Sldeliku pacyeTHON CETKM MMEIOT MPU3MATUYECKYI0 (OpMY Y TBEPABIX CTEHOK U MHOIO-
TPAaHHYIO B fAJIp€ MOTOKA. BHUIBI CEeTKM B CedeHMSAX NpuUBEIEHbI Ha pucyHke 2. Ha pucynke 3

npuBeneHa 3d MojieNb MOCeTHEN HTepalluy MPOTOYHOM YacTH.
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a) 0)

Puc. 2. PacuerHas ceTka a) MEpUINOHAIBHOE CEUEHHUE; 0) SKBaTOPHAILHOE CEUCHHE.

Puc. 3. [IporodHas 4acTh MepBOid CTYTCHH.

AHanu3s MMOJIYVIY€HHBIX pE€3yJ/JIbTaTOB

Ha pucynke 4 npencraBieHo U3BMEHEHHE IO UTEPALIUSIM OKPYKHOM COCTaBIISIIOLIENH CKOPO-

CTH Ha BBIXOJC M3 KOJICCA, IMOCYHUTAHHOM TCOPCTUUCCKU (T) U YUCJICHHBIM MOACIINPOBAHUCM
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(CFD), a Takxe moOrpenrHocts Teoperuueckoro pacuera (D). Urepamuu mpenctaBisitoT coOoi

3Tarbl IPOGUINPOBAHUS IPOTOYHOM YACTH.
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Puc. 4. 3uauenne c,, 1o urepammsm a) Q = 20 m*/4; 6) Q = 100 m™/u.

Kaxk BUJIHO U3 NMPUBCACHHBIX NAHHBIX, BBIYUCJICHUC ITOIIPABKH HAa KOHCYHOC YHCIIO JIOIa-
CTEH SABJISETCS HOCTaTOYHO TOYHBIM U HE BHOCHUT 3HAUMTEIIBHBIX HOFpCI.HHOCTCfI B pacCydCT HAIIO-

pa. [TorpemHoCcTh He npeBbImacT 5% npu Manon noxade u 12% mpu OONIBIION.
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Ha pucynke 5 npeacraBieHbl 3HaU€HUsI HAIIOPa, IOCYUTAHHOTO TEOPETUUECKH, YUCIIEHHO,
a TaKXXe TEOPETUYECKOro Harnopa, ymMHokeHHoro Ha KIIJI, 3HaueHune KoToporo B34TO U3 YUCIICH-
HOT'0 pacyera.
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6)

Puc. 5. 3HaueHne Haropa Kojeca 1o ureparusm a) Q = 20 m™/a; 6) Q = 100 m*/u.

Kak MoxkHO BUIACTb U3 IMPCACTABJIICHHBIX JAHHBIX, CYHMICCTBYCT 3HAYUTCIIbHAA IIOTPCII-

HOCTb MPU BBIYMCIEHUU HAmopa KoJjeca MpU MOMOIIU CTaHAAPTHOW (OpPMYJIbl IaXe C Yy4eTOM

Mamunabl ¥ Y CTaHOBKH: MPOSKTUPOBAHHE, pa3pa60TKa U SKCIIIyaTaius. 6
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KILJ, onpenenennoro uucnenHo. Ha pucyHke 5 npuBeneHbl 3HaUEHUS NOTPELIHOCTEN MO UTe-
panusMm.
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Puc. 6. HOI‘peH.IHOCTL OIIPEAC/ICHNA 3HAUCHHW HAIlOpa KoOJIeca.

3HauyuTENLHAS IOIrpCHIHOCTD IIPpH HHU3KOH moaaydc O6YCJ'IOBJ'IGH8. PECKUMOM TCUCHUSA, CUIIb-
HO OTJIMYHBIM OT onTuUMajbHoro. M3 pPUCYHKa 6 3aMETHO 3HAYMTEIBLHOE BI/IXpCO6pElSOBaHI/Ie B

pabouem xoiece mpu Q = 20 M°/4. Ha prcyHKe 8 IpeCTaBICHBI OIS PACTIPE/ICICHNUS 1aBIICHHSL.

a) 0)

Puc. 7. TTone pacnpesenenus BekTopa ckopocTs a) Q =20 m/4; 6) Q = 100 m™/u.
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a) 0)

Puc. 8. Tlone pacnpenenenns gasinerns a) Q = 20 m*/a; 6) Q = 100 m/u.

MuHuMabHOE ¥ MaKCUMaJIbHOE 3HAYEHHE MOTPEUTHOCTH cocTaBuiau st Q = 20 M/ -
20,3% u 35,5%; wis Q = 100 m>/a — 10,4% u 22,5% COOTBETCTBEHHO.

3ak/siloueHue

B xone paboThl ObUIO BBISICHEHO, YTO CTaHJapTHas popMylia Ui pacyeTa TEOPETUYECKOTo
Haropa MO>KeT JaBaTh 3HAYUTENBHYIO TOrpelHOCTh Jaxe ¢ yueroM KII/I, onpenenennoro unc-
JIEHHBIM MOJIETTMPOBAHUEM.

CBs3aHa 3Ta NOTPELIHOCTD, Cyis 10 BCEMY, C HEPABHOMEPHOCTBIO AIIIOP MEPUANOHAIBLHON
U OKPYXHOHM CKOpOCTEW Ha BbIXojie U3 pabouero kojeca. [[ns ucnpanieHus NOrpenIHOCTH BO3-
MO’KHO BBEJIEHHE MOIPAaBOYHOro ko3¢ ¢uIirenTa, no aHanoruu ¢ koadduuuentom Kopuonuca

JUTsI CKOPOCTHOTO Haropa B Tpyoe.
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Influence of Velocity Curves Unevenness on the
Centrifugal Pump Head

. * . * .
V.A. Cheryomushkin"’, V.O. Lomakin' cheremuha3 @yandexmu

'Bauman Moscow State Technical University, Moscow, Russia

Keywords: centrifugal pump, CFD, velocity curve

A formula of the theoretical head, which gives the value of the impeller in terms of its ge-
ometrical parameters, is used to calculate the pump head at the stage of theoretical design. One
of the main assumptions in this case is a strip theory, which does not take into consideration the
unevenness of curves of the meridional and circumferential velocity components at the impeller
outlet of a centrifugal pump. The article studies this influence. Describes a mathematical model
for theoretical and numerical calculations. Shows the figures of the flow part under study and of
the computational grid. For complete formalization of the problem the meshing models and
boundary conditions are shown. As the boundary conditions, full pump-inlet head into the flow
part and velocity at the outlet were used. Then, there are the graphs to compare the results of
theoretical and numerical calculation and the error is shown. For comparison, a value of the theo-
retical head was multiplied by the efficiency, which was defined by computer simulation. A de-
signing process of the flow part was iterative, so the comparison was carried out for all itera-
tions. It should be noted that correction for the finite number of blades is also assumption. To
determine a degree of the errors impact because of this correction, an average value of the cir-
cumferential component of the fluid velocity at the impeller outlet was calculated by two above
methods followed by their comparison. It was shown that this impact is negligible, i.e. correction
provides a sufficiently accurate value. In conclusion, the paper explains the possible reasons for
inaccuracies in theoretical determination of the head, as well as the option to eliminate this inac-
curacy, thereby reducing the time required for defining the basic parameters of the flow part. To
illustrate the nature of fluid flow, for the last iteration are given the fields of the pressure distri-
bution and the velocity vector in the equatorial section of the flow. All calculations were per-
formed for both capacity values of the dual-mode pump.
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