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[uTanHSM TIABUINEHHS HAAIAHOCTI 1 MOJAEPHI3aIlli HACOCIB €HEPreTUYHUX
CUCTEM TIPHUCBSIYEHO Oarato pgociimkeHb. OJHAaK, NHWTaHHS BIUIMBY TEILIO-
TIPOAMHAMIYHOI HECTIMKOCTI Ha HAIAHICTh HACOCHUX CHUCTEM BHBYCHI
HEJIOCTaTHBLO. SBHUIIE TEIUIO-T1IPOAMHAMIUYHOI HECTIMKOCTI MOJIATa€ Y BUHUKHEHH1
YMOB aBTOKOJMBAJbHUX (CaMOMIATPUMYBaJbHUX) 1 / abo amnepioaAMyHUX
(IMOyTbCHUX) MPOIECIB 3MIHM TEIUIO-TIAPOJAMHAMIYHUX TapaMeTpiB IOTOKIB
(THCKY, IIBUIKOCTI, MAPO3MICTY 1 T.II.) B CUCTEMaX TEIIOTEXHIYHOTO 00JIaTHAHHSI
TEIUIOBUX 1  SAJIEPHUX  EHEProycTaHOBOK. BHHUKHEHHS  YMOB  TEIUIO-
TAPOAUHAMIYHOI ~ HECTIMKOCTI (TTH) IPU3BOJIUTH i (o) JTOIATKOBUM
TiIPOMHAMIYHMM  HABAaHTAXEHHSIM HA  KOHCTPYKIII  TEIJIOEHEPTreTUYHOTO
obnagHaHHS 1 TPyOONpoOBOAIB (TiApoymapw), a TaKOX 3HHXKYE HAIIAHICTh iX
eKcIuTyaTanii B poOo4mX, MepexigHuX 1 aBapiiHMX pekrUMax. Y BHITQJKaX yYMOB
KpUTUYHUX 110 HafmiiHocTi rigpoynapiB (KI'Y) BinOyBaeTbcs BigMoBa Ha
BUKOHAHHS MPOEKTHUX (YHKIIINA eKcIuryaTallii Ta / abo pylHyBaHHS KOHCTPYKIIIH
TeIUIOeHepreTuyHoro obnaaHaHHs 1 TpyoOompoBoniB (TOiT). BusnauanbHuMH
(dakTopamMy BUHUKHEHHS T1IPOJAMHAMIYHOI HECTIMKOCTI 1 TipoyAapiB B MIUPOKHX
Jiana3zoHax 3MIHU PEKUMHHX MapaMeTpiB MOXKYTh OyTH crerudidyHi 0COOIHBOCTI
BUTPAaTHUX  (MEpPEXEBHUX)  XapaKTepUCTUK  HACOCIB, TOOTO  3aJIEKHICTH
TIIPOIMHAMIYHOTO HAIMOpPY BiJ MBHUAKOCTI pyxXy abo BUTpaTH MOTOKYy. Bce 1e
BU3HAYAE aKTyalbHICTh IIi€] poOOTH 1 BUMArae J0JaTKOBOTO BUBYCHHSI 1 aHATI3Y.
[IpoBenenuii aHami3 BIAOMHUX MiAXO/IB MOJEIIOBAHHS T1APOJUHAMIYHUX YAapiB B
CUCTEMaX  TEIUIOEHEPreTUYHOro  OOJIaJiHAaHHS ~ BHU3HAYMB  HEOOXIJHICTh

YIAOCKOHAJICHHSA 1 PO3POOKM HOBHX METOJIIB MOJEIIOBAHHS YMOB BHHHMKHEHHS 1



HACHIIKIB  TIAPOJMHAMIYHUX  yAapiB  BHACIIJOK PpI3HUX BHUAIB  TEMJIO-
TIPOJMHAMIYHOI  HECTIMKOCTI OAHO- 1 JBO(a3HMX TOTOKIB: KOJIMBaJIbHA
HECTIMKICTh BHACHIIOK 1HEPUIMHOCTI HAMIPHO-BHJIATKOBOi  XapaKTEPUCTUKU
HACOCIB 1 TEIJIO- MAacOOOMIHHUX NpOLECiB B JBO(A3HUX MOTOKAX; aneploguyHa
HECTIMKICTh BHACIHIJOK IMIIYJIbCHOTO 30UIBIIEHHS JIOKAJIBHOTO TiIPaBIIYHOTO
OMoOpy 1 TPAaHC3BYKOBUX pPEXKUMIB Teuli OJHO- 1 ABodasHux mnoTokiB. [lpu
MOJIEJIIOBAaHH1 YMOB BUHUKHEHHS 1 HACIIAKIB TIPOAMHAMIYHUX yapiB HEOOXITHO
BpPaxoBYBaTH, 1[0 OCHOBHUM BH3HAUYaJbHUM TapaMETPOM TiApOyJapiB €
MIBUAKICTh 3pPOCTAHHA IMIIYJIbCY THCKY TMpU MEpexo]i KIHETUYHOI eHeprii
ralbMyBaHHS TIOTOKY B €HEprilo IMImynbcy riapoynapy. llpm mpomy, Takox
HEOOXIJTHO BpPaxOBYBaTH MOXJIUBICTh OJIHOYACHOI a00 MOCHIAOBHOI peai3arii
PI3HUX BHIB TIApOAWHAMIYHUX ynaapiB. [IpoBeneHuit Ha OCHOBI PO3pOOJIEHHUX
KPUTEPiiB MOJIOHOCTI aHami3 MPEACTaBIEHUX B pPOOOTI yMOB MPOBEICHHS
EKCIIEPUMEHTIB Ha CTEH/IaX HACOCHMX CHCTEM BHM3HAYMB X HEBIAMOBIAHICTH 3a
KPUTEPIIMH T1APOAUHAMIYHOI MOMIOHOCTI pealbHMX YMOB OCHOBHHX HACOCHUX
CUCTEM €HEproycTaHOBOK. P0o3po0iieH0 MEeTo MOJIENIOBaHHS YMOB BUHUKHEHHS 1
HACJIAKIB TIPOYyJapiB B PO3IMKHYTHUX KOHTYpax TEIUIOCHEPTEeTUYHUX CHCTEM Ha
OCHOBI 3arajbHUX IIOJIOKEHb TEOpii TeIUIo-TiApOoAuHAMIYHOI HecTikocTi. Ha
BIIMIHY BiJ BIOMHUX MIAXOJIB B 3aIIPOIIOHOBAHOMY METOJII YMOBH BHUHUKHEHHS
KPUTHYHHUX T1IpOyJapiB BU3HAUAIOTHCS YMOBAMH IMEPEXOJy KOJIWUBAJIbHOI TEILIO-
TiApOAMHAMIYHOI  HECTIMKOCTI B  alepioguyHy Hectiikicte. Ha  ocHOBI
PO3pOOIEHOT0 METOMYy BHU3HAYEHI YMOBH BHUHMKHEHHS KPUTHYHHX TiIpoyaapiB B
PO3IMKHYTHUX TPYOONpPOBITHUX CHCTEMaX CHEProyCcTaHOBOK TIPH JIHIHHOT
anmpoKcHUMaIlii HalmipHO-BUJATKOBOI XapaKTepUCTUKU HacociB. Po3pobieno meron
BU3HAYCHHS YMOB BHHUKHEHHSI TIAPOYIapiB B 3aMKHYTHUX KOHTYypaX MPUMYCOBOi
[MUPKYJIAIIT €HEPreTHIHNUX cucTeM. MeTos 3aCHOBaHWW HAa yMOBaX BHHUKHEHHS
K0Je0aNbHOT TiAPOJMHAMIYHOT HECTIMKOCTI BHACHIINOK IHEPIIIHHOCTI HAIpHO-
BHJIATKOBOT XapaKTePUCTUKHU HACOCIB. [HepuiliHicTh BU3HAYAETHCA
«3ami3gHEHHSAM» B 4acl peakiiii HamipHO-BUJATKOBOI XapaKTepUCTHUKUA Hacoca Ha

3MIHY TIAPOJMHAMIYHUX HapameTpiB MOTOKY. P0o3po0iieHO OpUriHATBHUIT METOJ



MOJICJIIOBaHHS yYMOB BHMHHMKHEHHS 1 HAcCIiJKIB TiIPOJAMHAMIYHHUX YyJapiB MpH
3aKpPUTTI apMaTypH SIK CJIIICTBA anepioguyHOl HECTIMKOCTI. BBaxkaeThcs, 1o npu
MEBHIM IIBUAKOCTI 3aKpUTTS apMaTypu BiaOyBaeTbcs pi3ke (IMIYJIbCHA)
raJbMyBaHHs MOTOKY, a KIHETHYHA €HEpris raibMyBaHHS MOTOKY MEPEXOIUTHh B
€HEeprilo riApoAuHaMIiyHOro yaapy. Ha BigMiHy Big BIiIOMUX MIJIXO[IB
3aMpONOHOBAHUNA METOJI BPaXOBYye€ YMOBU (POPMYBaHHS T1APOJMHAMIYHOTO yAapy
B 3aJIEKHOCTI BiJ KOedilll€eHTa TAPOJAMHAMIYHOIO OMOPY 1 HMIBUAKOCTI 3aKPUTTS
apMatypu,  KOHCTPYKIIMHO-TEXHIYHMX  XapaKTePUCTHK  BCIX  €JIEMEHTIB
TpyOONPOBITHOT CHUCTEMH, TEIUIO(I3UUHUX BIACTUBOCTEH TMOTOKY Ta I1HIIUX
BU3HAYAJIbHUX YMHHHKIB. PO3p00IeHO OpHTriHANBHMI METOA MOJEIIOBAHHS YMOB
BUHUKHEHHS 1 HACHIIJIKIB TIPOJMHAMIYHUX YAApiB IPHU TPAHC3BYKOBUX PEHKUMAX
Teduil [Boda3HUX MOTOKIB, III0 BPaXxoOBYeE MepeXiJl KIHETUYHOI EHeprii raJibMyBaHHS
NOTOKY B EHEPril0 IMIYJIbCY TIAPOAMHAMIYHOTO yAapy. BcraHoBieHo, 110
MOJIENTbOBaH1 TIAPOJMHAMIYHI HAaBAaHTAXXEHHS TMPU TPAHC3BYKOBUX PEXKHUMAX
MOXXYTh 3HAYHO TIEPEBUIYBAaTH BIAMOBIAHI Bimomi pekomenpamii H.€.
XKykoBcbkoro. Ha  ocHOBI  poO3paxyHKOBOTO  MOJEIIOBAHHS  PIBHSAHD
3alpONOHOBAHOTO METOAY BHM3HAYEHO 00JIaCTh 3HAYEHb KPUTEPIiB BUHUKHEHHS
TApOAMHAMIYHMX  yAapiB BHACHIIOK  anepiofuyHOl  TEIIO-T1IPOAMHAMIYHOL
HECTIMKOCTI TPH TPAHC3BYKOBUX pekuUMax Tedii. Po3pobieHo opuriHaabHUM
METOJ MOJICITIOBAaHHS YMOB BUHUKHEHHS 1 HACIIJIKIB T1IPOAMHAMIYHUX YIAapiB MPH
aBapiifHOMy 3amoBHEHHI KomIieHcatopa Tucky BBEP. Ha Biaminy Bin Tpaauiiiino
BukopuctoByBanoi ¢opmynun H.€. JKykoBChkOro 3amporoHOBaHUN METOJ
BpaxoBy€ BU3HAYalbHI 0COONMWBOCTI / edexTu (opMyBaHHS yYMOB BHHUKHECHHS
rizponuHaMivHuX yaapiB B komreHcatopi Tucky BBEP. [IpoBenena Bepudikairis
pO3pOOJICHMX  METOMIB  BH3HAUYCHHS YMOB 1  HACHiAKIB  BHHUKHCHHS
TiApOAMHAMIYHUX YJIapiB B CHCTEMaX TETUIOCHEPTeTHYHOTO 00IaJHAHHS Ha OCHOBI
BIIOMUX EKCIepUMeHTaAIbHUX naHux mpodecopa A.B. Koponbosa. Y3romxeHHs

PO3paxXyHKOBUX 1 €KCTIEPUMEHTATbHUX JJAHUX ITUTKOM 3aJI0BUIBHE.
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ABSTRACT

Pirkovskiy D.S. Improving the reliability and safety of power plants by
preventing water hammers. - Qualifying scientific work on the rights of the
manuscript.

The dissertation on competition of a scientific degree of the doctor of philosophy
on a specialty 144 - Heat power engineering. - Odessa national polytechnic
university, Odessa, 2020.

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. A method has been developed for determining the conditions for the
occurrence of water hammer in closed circuits of forced circulation of energy
systems. The method is based on the occurrence of oscillatory hydrodynamic
instability due to the inertia of the pressure-flow characteristic of the pumps.
Inertia is determined by the “delay” in the reaction time of the pressure-flow

characteristic of the pump to a change in the hydrodynamic parameters of the flow.



An original method has been developed to simulate the conditions of occurrence
and consequences of water hammers when closing valves as a consequence of
aperiodic instability. It is believed that at a certain closing speed of the valve, a
sharp (pulsed) deceleration of the flow occurs, and the kinetic energy of
deceleration of the flow passes into the energy of water hammer. In contrast to the
known approaches, the proposed method takes into account the conditions for the
formation of water hammer depending on the coefficient of hydrodynamic
resistance and closing speed of the valve, structural and technical characteristics of
all elements of the pipeline system, thermophysical properties of the flow, and
other determining factors. An original method has been developed to simulate the
conditions of the occurrence and consequences of water hammer under transonic
flow regimes of two-phase flows, taking into account the transition of the kinetic
energy of deceleration of the flow into the pulse energy of a water hammer. It was
established that the simulated hydrodynamic loads under transonic conditions can
significantly exceed the corresponding known recommendations of N.E.
Zhukovsky. Based on computational modeling of the equations of the proposed
method, the range of criteria for the occurrence of water hammer due to aperiodic
heat-hydrodynamic instability in transonic flow regimes is determined. An original
method has been developed to simulate the conditions of occurrence and
consequences of water hammer during emergency filling of the VVER pressure
compensator. In contrast to the traditionally used formula N.E. Zhukovsky
proposed method takes into account the defining features / effects of the formation
of the conditions for the occurrence of water hammer in the pressure compensator
VVER. Verification of the developed methods for determining the conditions and
consequences of the occurrence of water hammers in the systems of heat power
equipment based on the known experimental data of prof. A.V. Korolev. The

agreement between the calculated and experimental data is quite satisfactory.

Key words: reliability, safety, power plant, water hammer, hydrodynamic

instability.
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