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

Pedepar:

1. Inceprauiiina po60oTa IpUCBIYeHa JOCiIKEHHIO iIHTEHCUBHOCTI IyJbCaliili TUCKY Y IIPOTOYHIl YaCTHHI Hacoca
TUIy [l Ta BUBHAUYEHHIO BEJIMYMHY BIIJIMBY OCHOBHUX KOHCTPYKLIMHUX i pOOOUYNX NTapaMeTpiB BiJILIEHTPOBOT0O Hacoca
CITipasIbHOTO TUIIY Ha aMILIiTyly yJIbCalill TUCKY Ha BUXO[Ii 3 1I0ro pob0o4oro KoJyieca. METOIO IaHOTO [AOCiIKEHHS
€ GopmyBaHH nepesiiky epeKTUBHUX CII0CO6iB 3HIDKEHHS TipoHaMivyHoi Bibpallil Ta moKpaueHHs
eKCIUlyaTalilHuX XapakKTepUCTUK HacociB Tumy [I. 3a pesyspraTamu iHpOpMaLiiHO-aHATITUYHOTO OIJILY
JliTepaTypHUX IPKEPEJ BU3HAYEHO OCHOBHI JIKepeJia rigpodrnHaMiuHO] Bibpallii Ta 3aJ1e>KHICTb ii BeJIMYMHY Bif,
nozadi Hacoca. BctaHoBseHO, O rifpoaHaMiYHa Bibpallis Hacoca € HaCJiIKOM ITyJIbCaliil TUCKY y HOTO

IIPOTOYHI} YaCTHHI, a OLiHIOBaHHS IHTEHCUBHOCT] ITyJIbCalliil TUCKY € OJHUM 3 PeajIbHUX CIIOCOOiB OTPUMAaHHS



HEeNpsSIMUM MeTonoM iHdopmarnii momo iHTeHCHBHOCTI rinpoguHaMivHOi Bibpalii Hacoca Ha eTari loro po3pooKu.
ExcriepuMeHTasbHe TOCTiIKeHHs TapaMeTpiB poboyoro npotecy Hacoca 12000-100-2, sk TUTIOBOTO
IIpeCTaBHYKA HACOCIB Tully [l i Kiacy BillleHTPOBUX HACOCIB CIipajIbHOTO TUILY, IiATBEPIUIIO, 110 iIHTEHCUBHICTD
rigpoJrHaMivHOI Bibpallii OCHOBHUX By3JIiB HACOCA 3aJIEXKUTD Bifl iIHTEHCUBHOCTI MyJIbCallill TUCKY Y IOTO IPOTOYHIN
YaCTHHI Ta 1aJI0 MOXJIMBICTb BUBHAYMTU KOePillieHT KopeJisilii, 0 XxapakTepusye B3a€MO3B'SI30K MixkK
cepenHbOKBaApaTUYHUM 3HauYeHHIM (CK3) BibpomBuAKOCTI KOpIyCy MifIIMITHAKA Hacoca Ha JIoNaTeBill yacToTi Ta
CK3 ammuiTyy jionaTeBux MyJbcaliil TUCKY Ha BUXOZi 3 10T0 CIipajbHOTO BiBOAY, & TAKOXK J03BOJINIIO
BrU3HaunTy rpannyHe CK3 aMIiTyau mysbcaniil TUCKY 3a IKOTO CIIOCTEPIraeThCs NepPeBUILeHHs rpaHndHoro CK3
BiOpOIIBMIKOCTI KopIycy migmunHuka Hacoca [12000-100-2. Ha ocHOBi pe3ysbTaTiB eKCIIepUMEHTalbHOTO
IoCimKeHHs napameTpis poboyoro npouecy (H, N, o ta AP) Hacoca [12000-100-2 nigTBepIyKeHO afleKBaTHICTb
PO3PaxyHKOBOI CITKM IIPOTOYHOI YaCTUHYM HAaCcOCa Ta YMCJIIOBOIO MOJE/IIOBAaHHS HECTAL[iOHAPHOI Tedii pifuHu.
YucioBe JOCTiIKeHHS [TapaMeTpiB pO60YOTo IpoLecy Hacoca TUIy [l migTBepAuIo 3a/IeXKHICTb aMILIITy AU
nyJibcalliil TUCKY Bif [1ofadi Hacoca, Jajao MOXJIUBICTb BCTAaHOBUTH (Pi3WUHY NIPUPOAY Ta BILJIMB PELMPKYJISLii
IIOTOKY Ha BUXO[i 3 po60YOro Kojeca Ha aMILITyly JIONaTeBUX My IbCalliil TUCKY PiAVHM, BUBHAUYUTH BILJIMB
OCHOBHMX KOHCTPYKLIMHUX ITapaMETPiB IIPOTOYHOI YaCTUHU BiALI€HTPOBOrO HACOCA CIipajJbHOrO TUILY Ta OTO
pobounx rapaMmeTpiB Ha aMIUITy AU MTyJibcalliil TUCKY Ta iHTerpajbHi IapaMeTpy poboyoro rnpolecy Hacoca. 3a
pe3yJbTaTaMu YMCJIOBOTO OCTIiIPKEHHST CPOPMOBAHO IepeJiK ClI0C06iB 3HM>KEHHS IHTEHCUBHOCTI IyJIbCallill TUCKY
B 3aJIEJKHOCTI Bif iXx €)EKTUBHOCTI (3 TOUKU 30Py PO3IIMPEHHS po60YOro Aiana3oHy Hacoca) Ta BU3HAYEHO
BEJIMYMHY BIUIMBY BiIIHOCHOI 3MiHM KOHCTPYKLII¥HMX [TapaMeTpiB IIPOTOYHOI YACTUHU BiZJLIEHTPOBOI'O HACOCA
cripanbHoro tumy (z1, bl, b2, D3 /D2, g, o, z2) Ta itioro po6ounx napametpis (Q, n) Ha BinHocHY 3Miny CK3 amnitynu
nyJbCalliil TUCKY PiIMHY Ha BUXOJi 3 po6040ro KoJsieca. Ha 0CHOBI HayKOBOTO y3arajJbHEHHS PE3yJIbTaTiB YMCIIOBOTO
MOJIEJIIOBAHHS Ta (PAKTOPHOTO €KCIIEPUMEHTY CPOPMOBAHO PEKOMEHALl OO KOPEryBaHHSI OCHOBHUX
reoOMeTPUYHUX [1apaMeTpiB po6b0yOoro KoJieca 3i BBaEMHUM 3CyBOM HOTO JjionaTeil Ha 1/2 KpOKy OMH BiTHOCHO
OJHOTO 3 METOIO [TIOKPAIEHHS €KCIIIyaTaliiHAX XapaKTePUCTUK HACOCIB TUIly [l IIpy SIKICHOMY Ta
eHeproe(eKTUBHOMY BOZOIIOCTa4YaHHi B AianasoHi nogad 0,3Qopt...Qopt. OLiHKy JOLiNIbHOCTI IPOBEAEHHS
MOJIepHi3allii iCHyl040ro Hacoca IUISIXOM 3aMiHU F10r0 po6040ro Kojeca 3alipolOHOBAHO NIPOBOJUTH 3
ypaxyBaHHSM pealbHUX pOoOOYMX PEKMMIB HACOCHOI'O arperary 3a 1ojavelo Ta Ha OCHOBI [TOKa3HUKa ITUTOMUX
BUTpAT €JIEKTPOEHEPrii Ha ITepeKayyBaHHS OAUHULi 00'eMy piguHuU. Ha OCHOBI 3alIpONIOHOBaHOI METOAMKY, B
3aJIEXKHOCTI Bifl mogadi Hacocis tumy [1 (Q) Ta KanmiTaJibHUX BUTPAT HA Oro moaepHisauiio (Cmod), BCTaHOBJIEHO
HIDKHIO MEXXY 3Ha4eHb Pi3HUI] T0Ka3HMKA IMTOMUX BUTPAT esnekTpoeHeprii (Aol,2, kBrerosn/m3) 3a sIKOI TepMiH
OKYITHOCTI 3aX0Zy 3 MOJlepHi3alii po6ouoro KoJsieca He IepeBUIyBaTUME CEPeIHbOrO TEPMiHY HOro eKkcrayaTauii

(ny1s1 pobouMXx KoJlic HacociB Tuny Il - 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 (z1, b1, b2, D3 /D2, g, o, 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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