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Mockanenko B.B. IlokpameHHsi ekCIIiyaTamidHUX XapaKTEePUCTHK HACOCIB
Ty /I musixom 3HWKeHHsI IHTEHCHMBHOCTI IyJibcalid THCKY Yy IX HPOTO4HIH
yactuni. Ha npaBax pykomnucy.

Hucepraiiisi Ha 3100yTTS HayKOBOT'O CTYIEHS KaHAWAATa TEXHIYHUX HayK 3a
cunemianphicTio 05.05.17 — rigpaBmiyHi MamMHM Ta TIAPOMHEBMOArperaTu. —
HamionanpHut TEXHIYHUN YHIBEPCUTET «XapKIBCHKUH TONITEXHIYHUN 1HCTUTYTY,
Xapkis, 2021 p.

HuceprariitHa po0OoTa MPUCBSYEHA JOCHIKEHHIO I1HTEHCUBHOCTI MyJbcallii
TUCKY y MNPOTOYHIM YacTUHI Hacoca Tumy J[ Ta BU3HAYEHHIO BEJIUYHMHU BIUIUBY
OCHOBHMX KOHCTPYKLIMHHMX 1 poOOYMX MapaMeTpiB BIALIEHTPOBOrO HAcOCA CHIPAILHOTO
TUIy HAa aMIUNITYJly MyJbcallii THUCKY Ha BUXOJ1 3 Horo pobodoro kojeca. Meroro
JTAHOTO JOCTI/DKCHHS € (OpMYBaHHsS TeEpeNiKy e(pEeKTUBHHX CIOCOOIB 3HMKEHHS
TIAPOAMHAMIYHOI BIOpallii Ta MOKpPAIIEHHA EKCIUTyaTalliHUX XapaKTEpPUCTHK HACOCIB
tuny /Jl.

3a pe3ynbTaramMu 1H(GOpPMALIHHO-aHATITHYHOTO OIVIAY JITEPATYPHUX JKEpen
BU3HAYEHO OCHOBHI JpKepesa TiApoAnHaMIYHOT BIOparllii Ta 3aJeKHICTh ii BEJTMYUHU BiJT
nmogavi Hacoca. BcraHoBieHo, IO TiApoAuWHAMIUYHA BiOpallis Hacoca € HaCIIIKOM
MyJibCcalii TUCKY Yy MOro MPOTOYHIN YacCTHHI, a OI[IHIOBAHHS 1HTEHCUBHOCTI MyJIbCaIlli
TUCKY € OJHHMM 3 PEaJbHHX CIOCOOIB OTPUMAHHS HEMPSIMHM METOJIOM i1Hdopmarli
11010 IHTEHCUBHOCTI T'JIpOJIMHaMIYHO1 BIOpallli Hacoca Ha eTarii Horo po3poOKH.

ExcnepuMeHTalibHe JOCHIIKEHHST TapaMeTpiB  poOOUYOro mpolecy Hacoca
J12000-100-2, sk TUMoOBOro MpeAcTaBHUKAa HacociB Tumy Jl 1 Kiacy BIAIIEHTPOBUX
HACOCIB CHIPAJIbHOTO THUIMY, MiATBEPINIIO, 1110 IHTEHCUBHICTD T1IPOJIMHAMIYHOI B1Oparlii
OCHOBHHUX BY3JIIB HAacoca 3aJIeXUTh BiJl IHTEHCHUBHOCTI MyJbCalliii THCKYy Yy WHOro
MPOTOYHIM YAaCTHHI Ta a0 MOKJIWBICTh BU3HAUUTH KOE(DIIIEHT KOpEIsiii, 1o
XapaKTepU3ye B3aEMO3B’SI30K MK cepeAHbokBagpaTHuHUM 3HaueHHAM (CK3)
BIOpPOIIBUAKOCTI KOPHYCy MiJUIMIIHMKA Hacoca Ha JomareBi uacrori ta CK3

aMIUTITYU JIONIATeBUX IMyJbCallii THCKY Ha BHUXOJ1 3 HMOro CHIpaJIbHOTO BIBOAY, a



TaKOX J03BOIMIO Bu3HAYMTH TpannuHe CK3 aMrmiiTynm mymibcailii THCKY 3a SIKOTO
croctepiraeTbcsi  mepeBuiieHHss rpaaumgHoro  CK3  BiOpoOmBHAKOCTI  KOPITyCy
nigmunanka Hacoca J12000-100-2. Ha ocHOBI pe3ysbTaTiB €KCIIEPUMEHTAIBLHOTO
JOCITIJKEHHST mapaMeTpiB pobouoro mpouecy (H, N, n ta AP) nacoca J12000-100-2
MIATBEPKEHO aJIeKBaTHICTh PO3PaXyHKOBOI CITKM MPOTOYHOI YACTHMHM Hacoca Ta
YHICJIOBOIO MOJICIIIOBAaHHS HECTAllIOHAPHOI Teuli PiANHH.

YucnoBe MAOCHIDKEHHS TapaMeTpiB pobouoro mporecy Hacoca tumy /[l
MIITBEPIUIIO 3aJIKHICTh aMIUIITYAU TyJbcallli THUCKY BIJ IOJayl Hacoca, Jajio
MO>KJIMBICTh BCTAHOBUTHU (PI3UUHY MPUPOTY Ta BILUTUB PELUPKYIISLIT MOTOKY Ha BUXOII 3
po6oUOro KoJIeca Ha aMILTITY Ty JIOTIATEBHUX IMyJIbCAIliil TUCKY PIAMHH, BU3HAYUTH BILIUB
OCHOBHMX KOHCTPYKLIMHHMX IMapaMeTpiB MPOTOYHOI YACTHHH BiJILIEHTPOBOTO Hacoca
CHIPAJIBHOTO THUITy Ta HOro poOoYMx MapaMeTpiB Ha aMIUNTYAW MyJbCallid TUCKY Ta
IHTerpaibHl HapaMeTpu poOOYOro mpolecy Hacoca. 3a pe3yjpTaTaMH YHCIOBOTO
JOCIIJKEHHST c(POPMOBAHO MEpeNiK CHOCOOIB 3HMKEHHS 1HTEHCHMBHOCTI IyJbCalliil
TUCKY B 3aJIeKHOCTI BiJ 1X €(QEKTUBHOCTI (3 TOYKH 30pY PO3LIMPEHHS POOOUYOTO
Jllara3oHy Hacoca) Ta BU3HAYEHO BEJIMYMHU BIUIMBY BIJIHOCHOT 3MIHM KOHCTPYKIIIHHUX
napaMeTpiB MPOTOYHOI YaCTHHH BiALIEHTPOBOTO HAcoca CIipaibHOTO THITY (Z1, by, by,
D3/D,, ¢, v, z;) Ta iioro pobouunx napameTpis (Q, N) Ha BigHOCHY 3MiHy CK3 ammutiTy1u
MyJIbCaIliil TUCKY PIIWHU HA BUXO/II 3 poOOYOro KoJieca.

Ha ocHOBI HaykoBOTO y3araJlbHEHHs pe3yJbTaTiB YHCIOBOTO MOJCIIOBAHHS Ta
(bakTOpHOrO eKCIepuMeHTy c(hOpPMOBAHO PEKOMEHIAIlli MO0 KOperyBaHHS OCHOBHUX
reOMETPUYHUX MapaMeTpiB poOOYOro Kojieca 31 B3aEMHUM 3CYBOM HOro jomnarei Ha 1/2
KPOKY OJIMH BiJIHOCHO OJHOTO 3 METOIO MOKPAIICHHS SKCIUTyaTaIlliHIX XapaKTePUCTHK
HacociB Ttuny [| mpu sKiCHOMy Ta eHeproe(peKTHUBHOMY BOJOIOCTAa4YaHHI B Jiama3oHi
nozaad 0,3Qopt...Qopt-

O1iHKy AOUUIBHOCTI MPOBEIEHHS MOJEpHI3AIll ICHYIYOro Hacoca MUITXOM
3aMIiHU MOTO poOOYOro KoJieca 3alpOTrOHOBAHO MPOBOJWTH 3 ypaxyBaHHSIM peaTbHUX
po0oUMX pEXMMIB HACOCHOTO arperary 3a rmojadeo Ta Ha OCHOBI MOKa3HHWKA MUTOMHUX
BUTpAT EJEKTPOCHEPrii Ha TMepeKkadyyBaHHS OJWHUIN 00’emy piguHu. Ha ocHOBI

3aMpONOHOBAHOI METOJUKH, B 3alekKHOCTI BiJ moaadl HacociB Ttumy J[ (Q) Ta



KaIlTadbHUX BUTpAT Ha Horo MopaepHizamifo (Cpog), BCTAHOBIICHO HUKHIO MEXY
3HAYCHD PI3HMII MOKA3HHKA [HTOMHX BHTDPAT CIEKTPOCHEpTii (Apis kBm-200/M°) 3a
SKO1 TePMIH OKYMHOCTI 3aX0Jy 3 MOJIEpHi3allii poO04oro Kojeca He MEPEeBUIITYBATUME
CEpEeHbOT0 TEPMIHY HOTO eKCIuTyaTtarii (mas poboumx koisic HacociB Tumy J[ -
t=5-8 pokin).

Kuarw4oBi cjoBa: BIIIIEHTpOBHIM Hacoc, TiApoJAWHAMIYHA BiOpallisi, YHCIIOBE

MOJIeTTIOBaHHs, (D13MYHUIN €KCIIEPUMEHT.

Moskalenko V.V. Improving the operational characteristics of type D pumps
by reducing the intensity of pressure pulsations in their flowing part. -
Manuscripts.

The dissertation on competition of a scientific degree of the candidate of technical
sciences on a specialty 05.05.17 - «Hydraulic machines and hydropneumatic unitsy. -
National Technical University «Kharkiv Polytechnic Institute», Kharkiv, 2021.

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,  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 (z;, by, by,
Ds/D,, ¢, w, zp) 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 0,3Qqpt...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 (Cyoq), the lower limit of the
difference between the specific consumption of electricity (Ap:,, kW-h/m®) 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).

Keywords: centrifugal pump, hydrodynamic vibration, numerical research,

physical experiment.
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