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Wznaraetcs mporiecc N3rOTOBICHHS HIEMEHTOB IPOTOYHON YaCTH TONHUPSTHOTO JIOMACTHOTO HAcOca ¢
$-00pa3HOi MEPUIMOHAIBHON MPOCKIMEH M 3JIEMEHTaMHU IMOJBOJAA W OTBOJAA B (pOpME IBOJILBEHTEHI.
IIpuBenecHa KOHCTPYKIIUS ONBITHONH MoOJenH OYyCTEpHOIro S-Hacoca JABYCTOPOHHEro AeiCTBus. B
OCHOBY KOHCTPYKIIMH 3aJI0K€Ha KapTpHUIKHAS KOHIENIMs arperata. V3II0KeHbI pe3ynbTaThbl
YHCICHHOTO MOJEIUPOBaHUA pabodero mnpolecca IpoTOUYHOW yacTH Mopenu. OnucaHa TEXHOJIOTUS
M3TOTOBJICHHUS JJIEMEHTOB IIPOTOYHOH dYacTH Hacoca W3 BBICOKompoyHoro ABS mmactuka c
npuMeHeHreM 3D-mpuHTEpa ¢ TocIenyromeld npoueaypoil IMOBEPXHOCTHOTO YIPOYHEHHS TOTOBBIX
u3JeNuil B mapax areroHa. [loka3aHbl M3TOTOBIICHHBIE JCTaNd PabOYMX OpPraHOB AKTHBHOW YacTh

Hacoca: KOJIECO pa60qee, armapar HanpaBnﬂ}ou_{m‘/'I, IITHCK.

KuiroueBble cjioBa: s-Hacoc, 9BosbBeHTa, 3D-npunrep, ABS-nacTuk, 4ucieHHOE MOIEIMpPOBAaHUE,
Kojieco pabouee, ammapaT HANpPaBJSIOIIKAN, MONHUPSIIHBIA HACOC, (U3UYECKUN DKCICPUMEHT,

H3roTOBJICHUEC, TPOTOTUIIUPOBAHUC

BBeaeHue

BeInonHeHHbIE paHee pacueTHO-TEOPETHUECKUE MCCIEe0BaHUs OyCTepHOro S-Hacoca
(SBH) xBycroponnero neiictsust [1], crpoekTiposanHoro Ha mapamerpst O=1,15 m’/c, H=286
M, MO3BOJISIOT POTHO3UPOBATH JIYYIINE SKCIUTyaTallMOHHBIE CBOMCTBA 110 CPAaBHEHUIO C TPaau-
IIMOHHO NMPUMEHSEMBIMU HacOCaMH NpH paboTe Ha KpynHbIX 3Heprodiokax TOC. Ipeumytect-
Ba, CBSI3aHHBIE, INIABHBIM 00pa3oM, ¢ KOMITAKTHOCTBIO, TEOPETUUECKUM OTCYTCTBHEM DPaaualib-
HOM M 0CeBOW TMAPAaBINYECKHUX CUJI, a TaKke IP(EKTUBHON U YCTOWUMBOM pabOTOI B IIUPOKOM
JManazoHe Mmojad, OObACHSAIOTCS MHHOBALIMOHHOM (hopMoil mpoTouHo#l yactu Hacoca [2] (cm.

puc. 1).
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Puc. 1. Cxema nporounoii uactu SBH: PK; — pabouee koneco; HA; — HanpaBnsitormuii anmnapar

[Iporounas yacts (ITY) moaBoja M 0TBOAA Hacoca UMEET ABOJILBEHTHYIO (opmy [3], mu-
IICHHYIO CIUPAIbHBIX YacTei. AKTHBHAs 4acTh MPEACTaBISAET COOOW TPEeXpsSAHYIO, OJHOCTY-
MEHYATyI0 B KaXJOM PsiJi€, OCEBYIO JIONACTHYIO CUCTEMY JIBYCTOPOHHETO JEUCTBHS C BBINIOIHE-
HUEM pabouero Kosieca IPUBTYJIOYHOIO Psijia B BUJIE YCEUEHHOT'O IIIHEKa.

C uenpio NOATBEPKACHUS PE3yIbTaTOB OOJIBIIONO YKCIIA PACYETHO-TEOPETUYECKUX HCCIIe-
noBaHui [1, 2, 4] 1 HEMOCPEICTBEHHO MPOBEPKHU pabOTOCTIOCOOHOCTH TIPEJIaraéMbIX TeXHUYE-
CKHMX PEIICHHH, B HACTOAIIEE BPeMs BEIETCS MOJrOTOBKA K (PU3NUECKOMY IKCIEPUMEHTY C HC-

II0JIb30BAHUEM yMEHbIIEeHHOW Moaenu SbH.
1. Pa3pa6oTtka moaeau SBH

YMenbieHHass monaens HatypHoro SBH umeer cnemyromme pabGoume mapameTpsl (CM.
Tabmn. 1):

Tabauua 1. Paboune mapamerpsr moenu SBH

3HaveHus
IIapamerp Exa. nzm.
Mopaeas SBH Pan 1 Pan 2 Psan 3
Ilopaua, Q n/c 13
Hanop, H M 14 2 5 7
Yacrora BpaleHus, n 00/MHH 2850
Huametp PK;, D, M - 0,07 0,1 0,13
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IIpononpHEIN pa3zpe3 cipoekTUpoBaHHOroO MozenbHoro SbH npusenen Ha puc. 2.

Puc. 2. Cxema mogmenu SBH

KoHuenuus Moaenu cTpouTcsi Ha OCHOBE KapTPHUIKHOU cXeMblI [S]. AKTHBHAs1 4acTh HAcO-
ca ¢ pOTOPOM M HANpaBISIOLUIUMU allapaTaMyd MPEICTaBisieT cOO0OM OTHENbHBIN y3en (Kap-
TpuK). BHyTpHu KapTpumka Bce sneMeHTsl [IY cbheMHble, 4TO 03BOJsET ObICTPO 3aMeHATs PO
B CcIy4ae HEOOXOAMMOCTH. JIBYCTOPOHHHUI MTOIBOJ M IBA OTBOJIa COOCHO MOHTHUPYIOTCSI HA paMe.
3areM, B CHCTEME TOJIBOJIa U OTBOJIOB YCTAaHABIIMBACTCS KAPTPUILK, (GUKCHPYETCS, U Yepe3 Mo-
MEHTOMEPHYI0 MY(Ty COCIMHSETCS C BaJloM JjekTpojasuratens. Ha puc. 3 mpuBeneH oOmmii

BU/]| arperara.

» BN
\.__ﬂ.“""' ~ ==
/Y '

Puc. 3. O6mwuii Bux arperata mogemn SBH
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2. Ync/ieHHOEe MO e/TMpOBaHUue pa6ovyero npoiecca

JI1sl THAPOIMHAMUYECKON ONTHMH3AIUK MPOTOYHON YacTH IPOBOJIUIIOCH YMCICHHOE MO-
nenvpoBanue padouero mporecca Moaenu SBH. KommbioTepHble SKCIIEPUMEHTHI OCYIIECTBIISI-
JUCh B mporpaMMHOM komiuiekce ANSYS CFX B cTporomM COOTBETCTBUU € pEKOMEHAALUIMHU [6]
U [7] N0 MOCTaHOBKE YMCICHHOM 3aJjayu B JAHHOM Makere. {1 mpoTOUHbIX YacTed moABoAa U
OTBOJIa CTPOMJIACh HECTPYKTYpUpPOBaHHAs TETpadJIpHueckas pacyeTHas CeTKa C Ipu3MaTHue-
CKMMH CJIOSIMA Ha TBEP/bIX CTEHKaxX. [[s JIOmacTHBIX CHCTEM KOJIEC M anmnapaTroB CTPOUIIACH
CTPYKTYypUpPOBaHHasl TeKcajdapudeckas cerka. CrylieHHe pacdeTHON CETKH BOJIM3H TBEPABIX
CTEHOK IS pa3penieHus] MOTPAHUYHOTO CJIOS HACTPAMBaJIOCh COTJIACHO BBIOpAHHOW MOJENH
TypOyneHTHOCTH. Pe3ynbTarhl pacyeToB B BUE S0P pacHpeesieHUs MoIel CKOPOCTH U JaBJe-

HUS IPUBEJIEHBI Ha puc. 4.

Prossure
28673
276514

— | ot TITEN = TR TNt
26.9 ' et 4/ D N BB N =

13‘ I :__'.I_ . : §LE .; f 2 ; III.;I.

0.0
[m s*1]
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Puc. 4. Pe3ynbTaThl YUCICHHOTO MOJCIMPOBAHUS paboUero nporecca npoTouHoi yactu Mmoaenu SEH:
a — pactpeieNeHne CTaTHYECKOTO JaBJICHUS B IIPeIeiaX aKTHBHOM YaCTH HACOCA; O — BEKTOPHOE TOJIe CKOPOCTEH

Ha pa3BEPTKE JIOITACTHOM CHCTEMEI Hacoca; 6 — 110JIHasA KapTHHA TCUCHUA B HpOTO‘IHOfI qacTu

[lo pe3ynpraTamM YHCIEHHOTO MOJEIUPOBAHUS MOXHO BUAETH, UTO TEUEHHUE B Ipejaesax
BCEil MPOTOYHOHN YacTU paBHOMEPHOE, YIOPSI0UEHHOE U NMPEUMYILECTBEHHO Oe30TpbiBHOE. [lo-
JydeHHbIE Pe3yJbTaThl IO3BOJIIOT MPOTHO3MPOBATH YIOBIETBOPUTEIbHYIO pPAabOTy MOAEIH

SBH.

2. TexHoOJ/iIOr¥sI U3rOTOBJIEHUS 3JIEMEHTOB l'lpOTO‘lHOﬁ 4acTHu

IIpu co3zganuu Moxenu SBH Hapsay ¢ TpaAMLIMOHHBIMU IPUMEHSIOTCS TakK K€ U MHHOBA-
LMOHHBIE TEXHOJIOTUU MPOU3BOJCTBA. Tak, /Uil M3TOTOBJIEHHUS T'€OMETPUYECKH CIIOKHBIX dJie-
MEHTOB MPOTOYHON YaCTH HAcOCa MCTIONIb3YETCS XOPOIIO 3aPEKOMEH I0BaBIIIasi ce€0sl TEXHOJIOTHS
3D npototunupoBanus [8, 9]. TeXHOTIOTHS AOCTATOYHO MpocTa: GOopMHUpPOBaAHUE H3EIUS OCY-
LIECTBIISIETCS IO COOTBETCTBYMOIIEH 3D-Monenu npu nomouy 3D-npuHTEpa MyTeM MOCIONHON
VKJIQJKA pacIiIaBJICHHOW HHUTH BBICOKONpouHoro ABS mmactuka Ha mimatdopmy. CruiaBissich
MEXIy COOOM, oW O0pa3yroT U3JeNue AOCTaTOYHOW TOYHOCTH W MPOYHOCTH. M300pakeHue
w1atopMbl MPUHTEpA C JeTalbio (ammaparT HarpaBIsSIOUIM) Ha HadaJbHOW CTAJAMU Ie€YaTu

IIPUBEJICHO Ha pHUC. 5.

MammuHbl 1 Y CTaHOBKHU: IPOSKTUPOBAHUE, pa30a60TI<a W SKCIIIyaTalus. 37



http://aplantsjournal.ru/

Puc. 5. HavanpHas cTagus nevaty anmnapara Hampasistoniero Ha 3D-npuHTepe

Ha nanHbiif MOMEHT OTpaboTaHa TEXHOJOTUS IMeYaTd pado4yMX KOJIEC M HAaIpaBIISIFOIIMX
anmnapaToB ¢ MakCUMaJdbHbIM radaputoM 150 MM. JlocTUrHyTasi TOYHOCTh JIMHEHHBIX pa3MepOB
coctasisieT £0,3 MM. Kpome Toro, 11 nosyueHust 6ojiee BHICOKOM IMPOYHOCTH, a B Cilydae pabo-
YMX OPraHOB HAcoCa — MOBBIILEHUS THAPOAMHAMUUYECKOTO Ka4eCTBA TOBEPXHOCTH, MPOBOIUTCS
MpoIieIypa BRIIECPKKU JETAIH B TIapax areToHa (cM. puc. 6).

AleTOH, B3aMO/JIEUCTBYS C IJIACTUKOBOM MOBEPXHOCTHIO M3/EIHs, PaCIUIaBIsSeT HapyXK-
HBIE CJIOM U TEM CaMbIM CHIAET IIEpOX0BaTOCTh. Ilocie TuiarenpHOM NpOCYIIKH TOBEPXHOCTD
CTaHOBSTCA OoJiee TIaIKOM, a cama JeTaib — 0oJiee MPOYHOM U KECTKOI.

[IpumeHnsisi onucaHHYIO TEXHOJIOTHIO, YK€ MOJy4YeHbl: pabodee KoJeco, HampaBJISIOMINN

anmapaT M IIHEK IpaBoi cTOpoHBI Hacoca. Ha puc. 7 npuBeneHsl 1300pakeHUs TOTOBBIX M3J1e-

JIMA COBMECTHO ¢ nX 3D-Momensamu.
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Puc. 6. HOBerHOCTHOG YIPOYHECHUE U3ACIINUA B ITapax aneToHa
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Puc. 7. Paboune opranst mozenu SBH: a — xoneco pabouee; 6 — 3D-mozens koeca pabodero; ¢ — anmapar
HaIpaBILIONINH; ¢ — 3D-Moens annapara HanpasIIsgIoLIero; 0 — IHeK; e — 3D-Mozenb mHeka

3ak/jlo9yeHue

Ha manHOM 3Tare paGoThl OJTHOCTHIO 3aBEepIICHA KOHCTPYKTOPCKAsl MpopadoTKa MOIETU
Hacoca. BeIoHeHbl OCHOBHBIC THIPOJIMHAMUYECKUE U TIPOYHOCTHBIC PACUYETHI, a TAKXKE MPOBE-
JICHO YHMCIIEHHOE MOJIeMpoBaHue pabodero mpoiecca Bcei mporounoit yactu SBH ¢ mpumene-
HHUEM COBPEMEHHBIX PACUETHBIX KOMIUIEKCOB. [10ayueHbl HEKOTOpbIE 31€MEHThI MPOTOYHOM Yac-
TH MOJIEIM Hacoca. BemeTcss M3roTOBJIEHHE OCTAaBIIMXCS INIACTHMKOBBIX JETallel COBMECTHO C

HO,HI‘OTOBKOﬁ K IIPpOU3BOACTBY I[CTEU'IGfI pOTOpa U CBAPHBIX 3JICMCHTOB KOpITyCa.

CIOMCOK JIUTEPATYPbI

1. Kynos C.}O., Moprynos .M. Pe3ynbTarhl pacuyeTHO-TEOPETHUECKOI0 UCCIEI0BAaHUS pa-
0odero mporecca MPOTOYHON YacTH JIOMACTHOW CHCTEMBI OyCTEpPHOTO S-Hacoca JBYCTOPOH-
Hero AeWcTBus // I'mapoMalinHel, THAPOIIPUBOABI U THIPOITHEBMOABTOMAaTHKa: 17-as Mex-
JTyHapoJiHasi Hay4HO-TeXHHYecKast KOH(EpeHLUsl CTyAeHTOB U acnupaHToB ([lexabpp 2013
r): coopruk noknanoB / M.: U3a-so MI'TY um. H.D. baymana, 2013. C. 78-85.

2. Moprysos I'.M. JlonacTHble MalIMHBI 7151 )KUJKOCTEH U Ta30B C YBETUYECHHOUN TUIOTHOCTHIO
M0JIE3HO UcTonb3yeMoit sHeprueilt / Bectauk MOU. 2007. Ned4. C. 5-13.

3. KymmoB C.IO., MoprynoB I'.'M. IlonBozsiiee ycTpoicTBO C 3BOJBBEHTHOU 0O0pasyromieit
JUISL HACOCHBIX YCTaHOBOK // PajnosnekTpoHMKa, 3JIEKTPOTEXHHUKA U SHepreTuka: J{Baauaras
MEX]. Hayd. TeXH. KOH(}. CTyAeHTOB U actiupaHToB: Te3. goxi. B 4 1. T. 4. M.: Uznarens-
ckuit om MOU, 2014. C. 190.

4. Moprynos I'.M. TlapagurMbel HACOCOB MUTATEIHHONW CUCTEMBI MOIITHBIX YHEPTr0o0I0KOB. Temn-
nosHepreTuka, 2013, No2, C. 118-128.

MammuHbl 1 Y CTaHOBKHU: IPOSKTUPOBAHUE, D33D3.6OTK3. W SKCIIIyaTalus. 40



http://aplantsjournal.ru/

5. bynsunep I1. Konnenuust KoHCTpyKiu# muTaTebHbIX HacocoB pupmbl SULZER / BectHuk
IOYpI'Y, 2005, Nel, c. 65 — 72.

6. ANSYS CFX-Solver Modeling Guide. Release 14.5, October 2012.

7. Funaba Y., Sato T., Suzuki S., Terunuma A., Nagahara T. Unsteady Fluid Flow Analisis as
Applied to the Internal Flow in a Pump using ANSYS CFX. Hitachi Plant Technologies,
Ltd. // 2006 Ansys — Simulation Driven Product Development. Pexum mocryna:
http://www.ansys.com/staticassets/ ANSY S/staticassets/resourcelibrary/confpaper/2006-Int-
ANSYS-Conf-235.pdf (nara obpamenus 17.07.2015).

8. Kynebskun A.A., OpexoBckas H.A. HoBwie TexHonmoruu. Pazpurue 3D-nieyatu: nepcrnexTr-

BBl U TOCieACTBUS // MoJoaeXHbIH HaydHO-TeXHU4Yeckuid BecTHUK. MI'TY um. H.D. bay-
MaHa. DJIEKTPOH. KypH., 2015. Ne3

9. Mattomikun JI.B., IlepmsakoB H.B. Ilpumenenue texnonormii 3D-meuatn B obecnieueHUH
npodeccnoHaTbHO-OPUEHTUPOBAHHON MOJITOTOBKU KaJIpOB B MHTEpecax HaHOMHAYCTpUU //
buorexnocdepa. 2013. N3 (27), C. 38-47.

Mammasl 1 Y cTaHOBKH: IIPOEKTUPOBAHNE, Pa3pabd0OTKa U DKCILIYATALIHSL. 41



http://aplantsjournal.ru/
http://www.ansys.com/staticassets/ANSYS/staticassets/resourcelibrary/confpaper/2006-Int-ANSYS-Conf-235.pdf
http://www.ansys.com/staticassets/ANSYS/staticassets/resourcelibrary/confpaper/2006-Int-ANSYS-Conf-235.pdf

. Machines andPlants:Design and Exploiting, 2015,
MHChlﬂES & Plants no. 04, pp. 33—43.

L] L] L]
DOI: 10.7463/aplts.0415.0793275
Design & Exploiting wlts
Received: 06.07.2015
' JorT ' Revised: 21.07.2015
ntp:ifaplantsjournal.y © Bauman Moscow State Technical Unversity

Manufacturing Hydraulic Components for the
Primary Double Entry S-Pump Model

1 # 1 = .
S.Iu. Kuptsov” , G.M. Morgunov kuptsov_semen@list

'National Research University "Moscow Power Engineering Institute",
Moscow, Russia

Keywords: s-pump, involute, 3D-printer, ABS plastic, numerical calculation, impeller, guide vanes,
multi-row pump, physical experiment, manufacturing, prototyping

The article describes a new design of the primary pump to run in powerful units (more than
1 GW) of power plants. The new construction has some advantages such as compactness, theo-
retical lack of radial and axial forces, and high efficiency in a wide range of flow. The above-
mentioned advantages can be possible owing to applying an innovative shape of the pump flow
path. An impeller with the guide vanes forms the three-row single stage in the each row axial
double entry blade system. The inlet and outlet parts have a shape of the involute that can ensure
(according to calculated data) the efficiency and stability in a wide range of flow because of a
lack of the spiral parts. The results of numerical calculations of the pump working flow theoreti-
cally confirm that demanding parameters of the pump (H=286 m; Q=1,15 m’/s) can be obtained
with competitive efficiency. To verify the proposed advantages of the construction, there was
decision made to conduct the real physical experiment. For this purpose the small model of a real
pump was designed with parameters H=14 m, Q=13 1/s. Construction of the pump model has a
cartridge conception. In addition, there is a possibility for quick replacement of the some parts of
the blade system in case of operational development of the pump. In order to obtain hydraulic
characteristics of the pump to say nothing of the electromotor the torque gauge coupling is used.
Numerical calculations for the pump model were also performed which confirm the operability.
For manufacturing of the blade system the new perspective technology is applied. The main hy-
draulic components (impellers and guide vanes) are made of ABS plastic by using 3D-printer.
According to this technology parts are made layer by layer by means of welded plastic filament.
Using this method the satisfactory tolerance (approximately +0,3 mm) of the parts was obtained.
At that moment, it is possible to create the parts with the maximum size no higher than 150 mm.
Immersing finished parts in acetone vapor enable us to increase the surface strength and reduce
roughness. At this stage of the work some plastic parts are ready for assembling operation. Now
manufacturing of other plastic parts of the blade system is under way along with pre-production
of the rotor and stator components.
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