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2. Improving the reliability and safety of power plants by preventing water hammers.

Pedepar:

1. TIuTaHHSIM TiABUIIEHHS HAMIMHOCTI i MOJIepHi3allii HACOCiB eHepreTUYHUX CUCTEM IIPUCBSIYEHO 6araTo
mociigkeHb. OHaK, IMTaHHS BIUIMBY TEIUIO-TiIPOAVMHAMIYHOI HECTIMKOCTI Ha HAJiHICTh HACOCHUX CUCTEM
BMBYEHI HEOCTATHLO. SIBUIIE TEIUIO-TIIPOAMHAMIYHOI HECTIMKOCTI NOJIArae y BUHUKHEHHI YMOB aBTOKOJIMBAJIbHUAX
(camomninTpumyBasbHUX) i / 260 anepiognyHuX (iMITyJIbCHUX) IPOLECIB 3MiHU TEIJIO-TiAPOAVHAMIYHUX [TapaMeTpiB
IIOTOKIB (THUCKY, IIBUIKOCTI, IAPO3MICTY i T.Il.) B CICTEMax TeIJIOTeXHI{YHOro 06J1afHaHHS TEIJIOBUX i IEePHUX
€HeproycTaHOBOK. BUHUKHEHHS YMOB TeIIo-TifpoauHamiyHoi HecTifikocTi (TTH) npusBoauTh 40 J0AaTKOBUM
rifpoAuHaMiuHUM HaBaHTAXXEHHSIM Ha KOHCTPYKLii TEMJIOEHEPTETUYHOTO 001aHAHHS i TPyOOIIPOBO/IIB
(rizpoyzmapu), a TakoXK 3HMKYE HaLiMHICTD iX ekcrutyaranii B pobounx, IepexigHuX i apapiiHux pesxumax. ¥
BUIIaJIKax YMOB KPUTUYHUX N0 HafiliHOCTi rinpoyznapis (KI'Y) BinOyBaeTbcs BiMOBa Ha BUKOHAHHSI IIPOEKTHUX
(YHKUi exciyaralii Ta / abo pylHyBaHHS KOHCTPYKLi TEIIJIOEHEPreTUYHOTO 00JIaIHaHHSI i TPyOOIIPOBOLiB
(TOIT). BusnauasnbHMMU (paKTOpaMy BUHMKHEHHS TiIpOAMHAMIYHOI HECTIMKOCTI i rifjpoynapis B IMPOKUX

IianazoHax 3MiHM pe>KMMHUX I1apaMeTpiB MOXKYTb 6yTH crieldiuyHi 0CO6IMBOCTI BUTPATHUX (MEPEKEBHUX)



XapaKTePUCTUK HACOCIB, TOOTO 3aJIEXKHICTb ripOAMHAMIYHOTO HANIOPY Bifl BUAKOCTI pyXy a0 BUTPATU MOTOKY.
Bce 1ie BU3HAYa€e aKTyasbHICTD Lii€l poOOTH i BUMarae NOJAaTKOBOTO BUBUEHHS i aHasizy. [IpoBeneHuit aHai3
BiJOMUX iIXOZiB MOJI€JII0BaHHSI TiIpOAMHAMIYHUX yIapiB B CUCTEMAX TEIJIOEHEPreTUYHOro 00J1afiJHaHHS BU3HAUUB
HEOOXIiJIHICTb YAOCKOHAJIEHHS i pO3pOOKM HOBUX METO/IiB MOJIE/IIOBAHHSI YMOB BUHMKHEHHS i HACJIiKiB
rigporHaMiYHUX yIapiB BHACIIOK Pi3HMX BUIIB TEIJIO-TiAPOINHAMIYHOI HECTIKOCTi 0HO- i IBOda3HUX IIOTOKIB:
KOJIMBaJIbHA HECTIMKICTh BHACINOK iHEPLiHOCTI HallipHO-BUAATKOBOI XapaKTEPUCTUKU HACOCIB i TENI0-
MacOOOMIHHMX NPOLECiB B ABOGA3HUX IIOTOKAX; allepioiyHa HECTINKICTh BHACIILOK iMITyJIbCHOTO 30iJIbIIEHHS
JIOKQJIBHOTO TiIpaBJIidYHOrO ONOPY i TPAaHC3BYKOBUX PEKUMIB Tedii OJHO- i IBO(a3HUX NMOTOKIB. [Ipn MO#eI0BaHHI
YMOB BUHMKHEHHSI i HACJIiAKIB rilpoAHaMiYHUX yapiB HEOOXiHO BpaxOByBaTH, 1[0 OCHOBHUM BU3HAYaJIbHUM
[apameTpOM TipoyapiB € WBUAKICTb 3pOCTaHHSA IMITyJIbCY TUCKY IIPU II€PEXO0/i KIHETUYHOI €Heprii raJlbMyBaHHS
IIOTOKY B €HEeprilo iMITyJIbCy rifpoyaapy. [Ipy 1boMy, TaKOK HEOOXiTHO BPaXOBYBaTU MO>KJIMBICTb OJIHOYACHOI 260
II0CJIiIOBHOI peanisauii pisHux BUIIB rigpoguHamivyHux yaapis. [IpoBefieHnii Ha OCHOBI PO3PO6JIEHNUX KPUTEPIiB
NIO/1iGHOCTI aHaJIi3 NpeACcTaBIeHNUX B POOOTI yMOB IIPOBELIEHHS €KCIIEPUMEHTIB Ha CTeH1aX HACOCHUX CUCTEM
BM3HAUMB iX HEBIATIOBIIHICTb 32 KPUTEPISIMU TigpOAXHAMIUHOI [10Ai6HOCT] peasbHUX YMOB OCHOBHUX HACOCHUX
CHCTEM €HeproyCcTaHOBOK. PO3p006sIeHO METO, MOZe/II0BaHHS YMOB BUHUKHEHHS i HACJIiIKiB rifpoyapiB B
PO3IMKHYTUX KOHTYpPax TEIJIOEHEPTETUYHUX CUCTEM Ha OCHOBI 3arajlbHUX MOJIOKEHD TEOPIi Ternuio-
rizpogyHamivyHOiI HeCTiKoCTi. Ha BigMiHy Bif BiMOMUX iAXOZiB B 3alIPOITIOHOBAHOMY METO/Ii YMOBYU BUHUKHEHHS
KPUTUYHYX TiIpOyJapiB BU3HAYAIOTLCS YMOBAMU IIEPEXOY KOJIMBAJIBbHOI TEMJIO-TiAPOANHAMIYHOI HECTIMKOCTI B
anepioguyHy HECTIMKICTb.

2. Much research has been devoted to improving the reliability and modernization of energy system pumps.
However, the issues of the influence of heat-hydrodynamic instability on the reliability of pumping systems are not
well understood. The phenomenon of thermo-hydrodynamic instability consists in the emergence of conditions
for self-oscillating (self-sustaining) and / or aperiodic (pulsed) processes of changes in the thermo-hydrodynamic
parameters of flows (pressure, speed, vapor content, etc.) in the systems of thermal equipment of thermal and
nuclear power plants. The emergence of conditions of heat-hydrodynamic instability (HHI) leads to additional
hydrodynamic loads on the construction of heat-power equipment and pipelines (water hammer), and also
reduces the reliability of their operation in operating, transient and emergency conditions. In cases of critical
conditions for the reliability of water hammers (CWH), the design functions of the operation and / or destruction
of the designs of heat power equipment and pipelines (HPEaP) are denied. The determining factors for the
occurrence of hydrodynamic instability and water hammer in a wide range of regime parameters can be specific
features of the flow (network) characteristics of the pumps, that is, the dependence of the hydrodynamic pressure
on the speed or flow rate. All this determines the relevance of this work and requires additional study and analysis.
The analysis of the well-known approaches to simulating water hammers in heat-power equipment systems
determined the need for improvement and development of new methods for modeling the conditions of
occurrence and consequences of water hammers due to various types of heat-hydrodynamic instability of single
and two-phase flows: oscillatory instability due to the inertia of the pressure-discharge characteristics of pumps
and heat mass transfer processes in two-phase flows; aperiodic instability due to a pulsed increase in local
hydraulic resistance and transonic flow regimes of single and two-phase flows. When modeling the conditions of
occurrence and consequences of water hammer, it is necessary to take into account that the main determining
parameter of water hammer is the growth rate of the pressure pulse during the transition of the kinetic energy of
deceleration of the flow into the energy of the pulse of water hammer. At the same time, it is also necessary to take
into account the possibility of simultaneous or sequential implementation of different types of water hammers. An
analysis of the experimental conditions presented in the work on the stands of pumping systems based on the
developed similarity criteria determined their inconsistency according to the criteria of hydrodynamic similarity to
the real conditions of the main pumping systems of power plants. A method is developed for modeling the
conditions of occurrence and consequences of water hammers in open circuits of heat power systems based on
the general principles of the theory of heat-hydrodynamic instability. In contrast to the known approaches in the
proposed method, the conditions for the occurrence of critical water hammers are determined by the conditions



for the transition of vibrational heat-hydrodynamic instability to aperiodic instability. Based on the developed
method, the conditions for the occurrence of critical water hammers in open pipeline systems of power plants
with a linear approximation of the pressure-flow characteristics of pumps are determined.
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