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Y po06oTi mpoBeneHO aHalli3 JOCBIY eKCIUIyaTallli Ta IEpCIEeKTUB PO3BUTKY
CUCTEM TeIutoeHepreTuku. Ha 0CHOBI IPOBEIEHOTO aHali3y BCTAHOBIICHO, [0 OJTHUM 3
MPIOPUTETHUX HANPSAMKIB MIJBHUIIEHHA €()EKTUBHOCTI CHCTEM TEIJIOEHEPTEeTUKU €
yIpaBJIIHHS HAJIWHICTIO 1 pECypCcoM JIJIsl POIOBKEHHS MPOEKTHUX CTPOKIB €KCILTyaTallil
TEIJIOCHEPTETUIHOTO 00JIaTHAHHS.

[IpoBeneHO aHai3 MEPEIOBOTO JOCBIAY 3 YIIPaBIIHHSI PECYPCOM Ta MPOTOBKEHHS
CTPOKIB €KCIUTyaTallii TeIUIOCHEPTeTUYHOTO 00JIaIHAHHS SIIEPHUX €HEProyCTaHOBOK. Y
pe3yJIbTaTi MPOBEACHOTO aHalli3y BU3HAYEHO HEOOXIJIHICTh YJOCKOHAJICHHS METO/IIB
OOTPYHTOBAHOTO IPOTHO3yBaHHS CTPOKIB IPOJIOBKEHHS eKCILTyaTaiii
TETJIOCHEPTETUIHOTO 00JIaTHAHHS.

Po3pobneno PUBHUK-OpPIEHTOBAHUI METOA IPOTHO3yBaHHS CTPOKIB
OOTpYHTOBAHOTO TMPOJOBKEHHS EKCIUTyaTallii TEeIUIOCHEPreTHYHOTro oOJIaHaHHS 3a
IIBUJIKICTIO HAKOITMYCHHS ITUKJIIYHUX HaBaHTAXKEHb 3a MEPi0 eKCILTyaTallii.

Po3po6ieHo J1eTepMIHICTCHKUK METOJ] BHU3HAYCHHS YMOB 1 HACIHIJKIB IS
HAJIWHOCTI Ta pecypcy TiapOauHAMIYHOT HECTIHKOCTI IiJl YaCc POOOTH HACOCIB CHUCTEM
TEIJIOCHEPreTUKY, SIKUM 0a3yeThbCsl Ha I1HEPIIMHOMY 3ali3HEHHl peaklii HamipHO-
BUTPATHOT XapaKTEPUCTUKHU HACOCIB HA 3MIHU TIPOJUHAMIYHUX TAPAMETPIB TETIOHOCISI.

Po3po6ieHo J1eTepMIHICTCHKUN METOJ] BHU3HAYEHHS YMOB 1 HACHIJKIB ISt
HaJIMHOCTI Ta pPECypcy TEIJIOCHEPTEeTUUHOrO0 OO0JaJHaHHS TEIJIOT1APOAMHAMIYHO1
HECTIAKOCTI TEIJIOHOCISI B KOHTYpax MPUPOIHOT MUPKYJIIAIII CUCTEM TETUIOEHEPTETUKH.
Meron  Ga3yeTbcss Ha  MOJIETIOBAaHHI  BIUIMBY  (PIYKTyalmidHUX  BIAXWUJIEHb

TeTIOT1IPOIMHAMIYHUX MTapaMeTPiB TEIUIOHOCIS Bi/I PIBHOBAXXHOTO CTaHy Ha KPUTEPIi Ta
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YMOBH TEIUIOT1APOINHAMIYHOI HECTIHKOCTI.

Jlnig 3ano6iranHs abo 3M’SIKIIIEHHS HACTiAKIB TEIUIOT1IPOIMHAMIYHOT HECTIHKOCTI
TEIUIOHOCISI B CUCTEMax TEIUIOEHEPIeTUKHM 3 HacocaMHu ab0 MPUPOAHOI0 LUPKYIISLIEO
OOIpYHTOBAHO BIJOMHUM 3aC10 BUKOPUCTAHHS JAeMII(PyBaTbHUX MPUCTPOIB.

¥ Berymi pecTaBieHo oOrpyHTYBaHHS BUOOPY TEMHU JOCIIIKEHHS, BUCBITICHO
il aKTyaJbHICTh Ta 3B'SI30K 3 HAYKOBMMHM nporpamamu. Ha ocHOBI 1poro c)opmMoBaHo
METY 1 3aBJaHHS JIOCIIHDKEHHS. 3a3Ha4€HO HAyKOBY HOBHU3HY OTPMMaHUX Pe3yJIbTaTIiB Ta
iX MPaKTUYHY LHIHHICTh /7151 €HEPTETUKH.

B nmepmomy po3aini BUKOHAaHMH aHaii3 JOCBIY €KCIUTyaTalll Ta HEpCIEKTHUB
PO3BUTKY TEIIOCHEPTeTUYHOTO O0NagHaHHs. Pe3ynbpTaToM MpoBEACHOTO aHaii3y CTaB
BUOIp OJHOTO 3 TPIOPUTETHUX HAMPAMKIB IIJIBUILEHHS €()EKTUBHOCTI CHUCTEM
TEIJIOCHEPreTUKH, a CaMe€ YIPaBIIHHSA HAAIMHICTIO 1 pecypcoM Mg MPOJOBXKEHHS
MIPOEKTHUX CTPOKIB €KCIUTyaTalli TeMJI0OEHEPreTHYHOro 00J1aJTHAHHS.

Y napyromy po3aijii po3poOjeHO PHU3HK-OPIEHTOBAHUM METOJ| MPOTHO3yBaHHS
CTPOKIB MIPOJIOBXKEHHS €KCIUTyaTallli TeIIOCHEPreTUYHOTO O0JaHaHHA 3a MIBUAKICTIO
HAKONMYEHHS HUKITYHUX HaBaHTaKE€Hb 3a NEp10J] eKCIUTyaTallii.

B Tperbomy po3aini mnpeacTaBieHO po3pOOJEHUN JETEPMIHICTCHKHI METOo.
BU3HAYEHHS YMOB 1 HACIIJKIB JJI HAIIMHOCTI Ta peCypcy TApOauHAMIYHOI HECTIKOCTI
i1 yac poOOTH HACOCIB CHCTEM TEIUIOCHEPTreTUKH, KUK 0a3yeTbcs Ha 1HEPIIMHOMY
3aMi3HEHHI PEeaKlii HamipHO-BUTPATHOI  XapaKTEpPUCTUKM HACOCIB HA 3MIHU
TAPOAMHAMIYHUX TIapaMeTpiB TemioHocis. Po3pobiieHo eTepMiHICTChKUIT  METOJ]
BU3HAYCHHS YMOB 1 HACIIAKIB JUIsl HAJIIHHOCTI Ta PECcypcy TeIIOEHEePTeTUYHOTO
oOnaHaHHS TEIJIOTIAPOIMHAMIYHOT HECTIMKOCTI TEMJIOHOCIA B KOHTypax HpPHUPOIHOT
IUPKYJISIT CHCTEM TeIJIOCHepreTUKkU. MeTo 0a3yeTbcs Ha MOJIEIIOBAHHI BILTUBY
GayKTyaliifHUX BIOXWICHb TEIUIOTIAPOAMHAMIYHMX MapaMeTpiB TEIUIOHOCIS  BiA
PIBHOB2KHOTO CTaHy Ha KpHUTEpli Ta YMOBHU TEIUIOT1IPOJAMHAMIYHOI HECTIHKOCTI. s
3amo0iraHHs a00 3M’ SKIIEHHSI HACJIIIKiB TETUIOT1IPOIMHAMIYHOT HECTIMKOCTI TETUIOHOCIS
B CHCTeMax TEIUIOCHEPTeTUKH 3 HacocamMd abo0 TMPHUPOAHOI0  MUPKYJIAIIEI0

3aMpONOHOBAHO B1IOMUM 3210 BUKOPUCTAHHS JIeMIT(PYyBaIbHUX TTPUCTPOIB.
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ABSTRACT

Alali M. Resource management and extended operation of heat energy equipment
in conditions of hydrodynamic instability. — Qualifying scientific work as a copyrights
manuscript.

Thesis for the degree of Doctor of Philosophy by specialty 144 — Heat Power
Engineering. — Odessa Polytechnic of the Ministry of Education and Science of Ukraine,
Odesa, Ukraine, 2023.

The work analyses operational experience and prospects for the development of
thermal power systems in the heat and power engineering. Based on the analysis, it was
recognized that reliability and resource management for extending the design operation
life of thermal power equipment is one of the priority directions for improving the
efficiency of thermal power systems.

An analysis of best practices in resource management and extension of the
operation life of thermal power equipment of nuclear power plants was fulfilled. The
result of the analysis is the need of improving the methods for well-founded predicting
the extended operation life of thermal power equipment.

A risk-informed method for well-founded predicting the extended operation life of
thermal power equipment based on the accumulation rate of cyclic loads during the
operation life has been developed.

A deterministic method for determining the conditions and the reliability and
resource consequences of hydrodynamic instability during the operation of pumps of
thermal power systems has been developed. It is based on the inertial delay of the reaction
of the head-flow characteristic of the pumps to changes in the hydrodynamic parameters
of the coolant.

A deterministic method for determining the conditions and the reliability and
resource consequences for thermal power equipment of thermal hydrodynamic instability
of the coolant in the natural circuits of thermal power systems has been developed. The
method is based on modelling the effect of fluctuating deviations of thermohydrodynamic

parameters of the coolant from the equilibrium state on the criteria and conditions of



thermohydrodynamic instability.

The well-known method of using damping devices is substantiated to prevent or
mitigate the consequences of thermohydrodynamic instability of the coolant in thermal
power systems with pumps or natural circulation.

The Introduction presents the justification of the chosen research topic, assigns
its relevance and relation with scientific and technical programs. Based on this, the
purpose and objectives of the research have been established. The scientific novelty of
the results obtained and their practical value for the energy sector are emphasized.

Chapter 1 analyses operating experience and prospects for the development of
thermal power equipment in the heat and power engineering. Based on the analysis, it
was recognized that reliability and resource management for extending the design
operation life of thermal power equipment is one of the priority directions for improving
the efficiency of thermal power systems.

Chapter 2 develops a risk-informed method for well-founded predicting the
extended operation life of thermal power equipment based on the accumulation rate of
cyclic loads during the operation life.

Chapter 3 develops a deterministic method for determining the conditions and the
reliability and resource consequences of hydrodynamic instability during the operation of
pumps of thermal power systems. The method is based on the inertial delay of the reaction
of the head-flow characteristic of the pumps to changes in the hydrodynamic parameters
of the coolant. A deterministic method for determining the conditions and the reliability
and resource consequences of thermohydrodynamic instability of the coolant in the
natural circuits of thermal power systems has been developed for thermal power
equipment. The method is based on modelling the effect of fluctuating deviations of
thermohydrodynamic parameters of the coolant from the equilibrium state for the criteria
and conditions of thermohydrodynamic instability. The well-known using of damping
devices is substantiated to prevent or mitigate the consequences of thermohydrodynamic
instability of the coolant in thermal power systems with pumps or natural circulation.

The scientific novelty of the results is the development and substantiation of such

methods:
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1. A risk-oriented method for predicting the terms of reasonable extension of the
operation of heat and power equipment by the rate of accumulation of cyclic loads during
the period of operation.

2. A deterministic method for determining the conditions and consequences for the
reliability and resource of hydrodynamic instability during the operation of pumps in heat
and power systems.

3. A deterministic method for determining the conditions and consequences for the
reliability and service life of heat and power equipment of thermal-hydrodynamic
instability in the circuits of natural circulation of heat and power systems.

The practical significance of the results obtained is that:

1. The developed methods can be used in the design, operation, and extension of
the operation of heat and power equipment.

2. The results of the dissertation were used in the state budget research work No.
124-42 "Improving the efficiency, reliability and safety of the main and auxiliary
equipment of nuclear power plants" (No. d/r 0116U004924), as well as in the educational
process of the Energy Institute of the National University "Odesa Polytechnic".

The results of the dissertation are used in the educational process for the training
of specialists in the specialty 144 Thermal Power Plants.

Keywords: hydrodynamics, thermal power equipment, resource management,

extended operation, instability.
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