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1. HOKpaIILeHHH eKCHJIyaTaU,iI/“IHI/IX XApPaAKTEPUCTUK HacocCiB TUIly ,H HIJISIXOM 3HM>KEHHS iHTEHCUBHOCTI Hyan&U,iI/“I

TUCKY Y IX IPOTOYHIN YaCTUHI

2. Improving the operational characteristics of type D pumps by reducing the intensity of pressure pulsations in
their flowing part

Pedepar:

1. Incepraniiina po60Ta IpUCBIYEHA JOCIIKEHHIO IHTEHCUBHOCTI IyJIbCaliill TUCKY y IPOTOYHIl YaCTHHI Hacoca

TUIly | Ta BU3BHAUYEHHIO BEJIMYMHY BIIJIMBY OCHOBHMX KOHCTPYKLIMHUX i POOOYMX ITapaMeTpiB BilLIEHTPOBOTO HacOCa

CIIipaJIbHOTO THUITY Ha aMIUTITyy MyJIbCalliil TUCKY Ha BUXOZ] 3 I0ro po604oro Kojeca. MeTolo JaHOro JOCIIiIKeHHSI
€ GpopMyBaHHs NepestiKy e(peKTUBHUX CII0CO0iB 3HMDKEHHS TiipoiMHaMiuHO] Bibpallil Ta MoKpaleHHs

eKCIUlyaTalilHMX XapaKTePUCTUK HACOCIB Tumy [l. 3a pe3yspTaTamu iHpOpMaLiiHO-aHAITUYHOTO OIJIAY



JliTepaTypHUX IpKepes BU3HAa4YeHO OCHOBHI JIKepesia rigpoinHaMivyHoi Bibpallii Ta 3ay1e>KHICTb ii BeJIMIMHU Bif
nopadi Hacoca. BecraHoBeHO, o rifpoarHaMiyHa Bibpallis Hacoca € HacJiIKOM ITyJIbCcalliil TUCKY y HOTO
IIPOTOYHI YaCTHHI, a OLliHIOBaHHS iIHTEHCUBHOCTI ITyJIbCalliil TUCKY € OJHUM 3 peajlbHUX CII0COOiB OTPUMAaHHS
HENpsIMUM METOJIOM iHpopMallii 11070 iIHTEHCUBHOCTI TiApOAMHAMIYHOI Bibpallii Hacoca Ha eTamni oro po3pooKy.
ExcriepuMeHTasnbHe JOCIIIPKEHHS TapaMeTpiB pobodoro npouecy Hacoca J12000-100-2, K TUIIOBOTO
IIpeCTaBHYKA HACOCIB Tully [l i Kiacy BillleHTPOBUX HACOCIB CIipajIbHOTO TUIlY, TiATBEPIUIIO, 110 iHTEHCUBHICTD
rigpoirHaMivHOi Bibpallii OCHOBHUX BYy3JIiB HaCOCa 3aJI€XXUTD Bifl iIHTEHCUBHOCTI ITyJIbCallil TUCKY y IOTO IPOTOYHIN
YaCTHHI Ta 1aJI0 MOXJIMBICTb BUBHAYUTU KOePillieHT KopeJsliii, 0 xapakTepusye B3a€MO3B'SI30K MixK
cepenHbOKBaApaTUYHUM 3HauYeHHIM (CK3) BibpomBuIKOCTI KOpITyCy MifIIMITHAKA Hacoca Ha JIoNaTeBill 4acToTi Ta
CK3 ammutiTyy jionateBux MyJbCaliil TUCKY Ha BUXOZ,i 3 10TO CIipajbHOTO BiiBOAY, & TAKOXK JO3BOJINIIO
BU3HAUUTU rpaHnyHe CK3 aMIliTyau mysbcaliil TUCKY 3a SKOTO CIIOCTEPIraeThCs MepeBullieHHs rpauudHoro CK3
Bi6POIMIBUIKOCTI KOpITycy miamunHrka Hacoca J2000-100-2. Ha oCHOBI pe3y/bTaTiB €KCIEPUMEHTAILHOTO
IoCimKeHHs rnapameTpis po6oyoro npouecy (H, N, o ta AP) Hacoca [12000-100-2 nigTBepIyKeHO afleKBaTHICTb
PO3PaxyHKOBOI CITKM IIPOTOYHOI YaCTUHYM HAacOCa Ta YMCJIOBOIO MOJEJIIOBAaHHS HECTAL[iOHAPHOI Tedii pifuHM.
Yucnose OOCTiIKEHHS [TapaMeTpiB po604Ooro NpoLecy Hacoca TUIy [l miATBEpaUIIO 3a/IEXKHICTh aMILIITY U
myJibcalliil TUCKY Bif [1ofadi Hacoca, Jajao MOXJIUBICTb BCTAHOBUTH (Di3UYHY IIPUPOAY Ta BILJIMB PELMPKYJISLii
IIOTOKY Ha BUXO[i 3 po60Yoro Kojeca Ha aMIUITyly JIONaTeBUX MyJibcalliil TUCKY PiAVHY, BUBHAUYUTH BILJIMB
OCHOBHUMX KOHCTPYKLIMHUX [IapaMETPiB MIPOTOYHOI YACTUHMU BiJJLIeHTPOBOI'O HACcOCa CNipaJIbHOTO TUIY Ta HOro
po6OYMX NapaMeTpiB Ha aMILIITYy1X MyJbCalliil TUCKY Ta iHTerpajbHi mapameTpu pob04oro npouecy Hacoca. 3a
pe3yJbTaTaMu YMCJIOBOTO NOCTiIPKeHHSI cPOPMOBAHO IepeJik ClIoco6iB 3HMKEHHS IHTEHCUBHOCTI IyJbCallili TUCKY
B 3aJI€JKHOCTI Bif, iXx €pEKTUBHOCTI (3 TOUKU 30pPy PO3IIMPEHHS poO0YOro Aiana3oHy Hacoca) Ta BU3HAYEHO
BEJIMYMHMY BIUJIMBY BiIIHOCHOI 3MiHM KOHCTPYKLI¥HMX [TapaMeTpiB IIPOTOYHOI YACTUHU BiZJLIEHTPOBOI'O HACOCA
cripanbHoro tumy (zl, bl, b2, D3 /D2, g, o, z2) Ta iioro po6ouynx napametpis (Q, n) Ha BinHOocHY 3MiHy CK3 ammitynu
nyJibcalliil TUCKY PiiMHU Ha BUXOJi 3 pob6oyoro Koseca. Ha OCHOBI HAyKOBOTO y3arajbHEHHs pe3yJbTaTiB YUCJI0BOrO
MOJIEJIIOBaHHS Ta (PAKTOPHOTO €KCIIEPUMEHTY CPOPMOBAHO PEKOMEHALl OO KOPEryBaHHSI OCHOBHUX
reOMeTPUYHUX IIapaMeTpiB pob0UYOro KoJsieca 3i B3aeMHUM 3CYBOM HOTO jionareil Ha 1/2 KpoKy OfuH BiHOCHO
OJHOTO 3 METOIO [TOKPAIllEHHS €KCIIIyaTaliiHUX XapaKTePUCTUK HACOCIB TuIly [l Ipu SIKiICHOMY Ta
eHeproe(eKTMBHOMY BOZOINIOCTa4YaHHi B AianasoHi nogad 0,3Qopt...Qopt. OLiHKy JOLiNIbHOCTI IPOBEAEHHS
MoOJIepHi3allii icHy1ouoro Hacoca IJIsXOM 3aMiHM OTO pO60YOro KoJjieca 3allpolIOHOBaHO IPOBOIUTH 3
yPaxyBaHHSM peaJbHUX pOO0YMX PEKMMIB HACOCHOI'O arperary 3a Iojavelo Ta Ha OCHOBI ITOKa3HUKA ITUTOMUX
BUTpAT €JIeKTPOEeHePrii Ha IlepeKayyBaHHs OAUHUL 00'eMy piguHu. Ha OCHOBI 3alIpONIOHOBAHOI METOAMKY, B
3aJIEXKHOCTI Bifl mogadi Hacocis tuny [1 (Q) Ta KanmiTaJbHUX BUTPAT Ha oro moaepHisaniio (Cmod), BCTaHOBJIEHO
HIDKHIO MKy 3HaY€Hb pi3HUL T0Ka3HMKA MMTOMUX BUTPAT esieKTpoeHeprii (Aol,2, kBreroz /m3) 3a siKoi TepMiH
OKYITHOCTI 3aX0Zy 3 MOJlepHi3alii po60o4oro Kosieca He IepeBUIlyBaTUME CEPeIHbOr0 TEPMIHY HOro exkcryaTanii

(o151 poboumx KoJlic HacociB Tuny [l - t=5-8 pokiB).

2. The dissertation is devoted for researching the intensity of pressure pulsations in the flowing part of the pump
type D and determination the influence of the main constructional and operating parameters of spiral type
centrifugal pump on the amplitude of pressure pulsations in the outlet of impeller with aim to form the list of
effective ways of reducing hydrodynamic vibration at the source of beginning and improving the operational
characteristics of type D pumps. Based on the results of the information-analytical review of the literature
sources, was determine the main sources of hydrodynamic vibration and the dependence of its value on the pump
supply. It is established that the hydrodynamic vibration of the pump is a consequence of pressure pulsations in its
flowing part, and estimating the intensity of pressure pulsations is one of the real ways to obtain by an indirect
method the information about the intensity of hydrodynamic vibration of the pump at the development stage.
Experimental research of the operating parameters of the pump D2000-100-2, as a typical representative of
pumps type D and the class of spiral type centrifugal pumps , confirmed that the intensity of hydrodynamic
vibration of the main units of pump depends on the intensity of pressure pulsations in its flowing part and allowed
to determine the correlation coefficient that characterizing the relationship between the root mean square value



(RMS) of the vibration velocity of the pump bearing shell at the blade frequency and the RMS value of the pressure
pulsations amplitude at the blade frequency at the outlet of volute, and also allowed to determine the limiting RMS
value of pressure pulsations amplitude at which the RMS value of the vibration velocity of the pump D2000-100-2
bearing shell is overrun. Based on the results of the experimental study of the operating process parameters (H, N, o
and AP) of the pump D2000-100-2, were confirmed the adequacy of the calculated grid of the flowing part of the
pump and numerical simulation of non-stationary fluid flowing. Numerical research of the parameters of the
operational process of the pump type D confirmed the dependence of the amplitude of pressure pulsations on the
pump supply, made it possible to establish the physical nature and the influence of recirculation of flow at the
outlet of impeller on the pressure pulsation amplitude at the blade frequency and to determine the influence of the
main constructional parameters of the flowing part of spiral type centrifugal pump and its operating parameters
on the pressure pulsations amplitude and the integral parameters of the pump operational process. According to
the results of the numerical study, a list of ways to reduce the intensity of pressure ripples depending on their
efficiency (in terms of expanding the operating range of the pump) and determined the magnitude of the impact of
relative changes in the constructional parameters of the spiral type centrifugal pump (zl1, b1, b2, D3 /D2, g, g, z2) and
its operating parameters (Q, n) on the relative change of the RMS value of pressure pulsations amplitude at the
outlet of impeller. Based on the scientific generalization of numerical modeling results and factorial experiment,
were formed recommendations for adjusting the basic geometric parameters of the impeller with mutual
displacement of its blades by 1/2 step relative to each other to improve the operational characteristics of type D
pumps with quality and energy efficient water supply in the supply range 0,3Qopt...Qopt. It is proposed to assess
the feasibility of modernizing an existing pump by replacing its impeller, taking into account the actual operating
modes of the pump unit on the supply and on the basis of the specific electricity consumption for pumping a unit
volume of liquid. Based on the proposed method, depending on the supply of pumps type D (Q) and capital costs
for its modernization (Cmod), the lower limit of the difference between the specific consumption of electricity
(Adl,2, kWeh /m3) for which the payback period the measure of modernization of the impeller will not exceed the
average service life (for impellers of pumps type D - t = 5-8 years).
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