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CHUCTEM

2. Improving the Efficiency of Surface Ship Power Plants Using Thermal Energy Storage Systems

Pedepat/anoTanis:

1. 3acTocyBaHHS yTui3alii CKUIHOI TEIJIOTU € OOHUM i3 IePCIIeKTUBHUX HAIIPSMKIB MMigBUIIEHHS e(peKTUBHOCTI
€HepreTMYHUX YCTAaHOBOK HAIBOJHUX KOPabJiiB i cypieH. OfHUM i3 aKTyaslbHUX HallpSMKiB € BUKOPUCTaHHS
HU3bKOIIOTEHIIIHOi TENJIOTU JJ1s1 NOTPe6 eHEePreTUYHOI yCTaHOBKU, KOpabesbHUX CUCTEM Ta eKilaxy. He3paxkaioun
Ha 3HAYHY KiJIbKiCTb JOCJII)KEHD Y Tajy3i TENI0aKyMYJIIOI0UYMX CUCTEM, TUTAaHHS CTBOPEHHS BUCOKOE(DEKTUBHUX
TEIJIOAKyMYJIIOI0UUX cucTeM 3 (a30BUM IIEPEXO0IOM [1Jis1 KOpabeJbHUX €HEPreTUYHNX YCTAaHOBOK 3aJINIIAI0ThCS
HEJIOCTAaTHbO PO3pO0JIEHUMU. BUKOPUCTaHHS Cy4acHUX METO/iB MaTeMaTUYHOTIO MOJIEJIIOBaHHS1, O0YMCIIIOBAJIbHO]
rigpoJrHaMiku Ta PisMYHOrO MOJEIOBAHHS J03BOJISIE AOCIIKyBaTH IPOLECHU aKyMyJIsllii, 36€peXKeHHs Ta
BHUKOPHUCTaHHS CKUIHOI TEIJIOTH 3 IOCTATHBOIO TOCTOBIPHiCTIO. MeTO0 po60TH € minBuLieHHs e(heKTUBHOCTI

€HEPreTUYHNX YCTaHOBOK HaJIBOOHUX KOpa6JIiB 3aCTOCYBAHHSAM TEIIJIOAKYMYJIIOIOYNX CUCTEM. Bnepme



0BIPYHTOBAHO METO/OJIOTII0 BUOOPY TEIJIOAKyMYJIIOI0UMX MaTepiajliB Ha OCHOBI TPbOX iHTETrpajibHMUX ITOKA3HUKIB,
1110 BPaxOBYIOTb TeII0(Di3N4Hi BJACTUBOCTI, KOHCTPYKTHBHI OOMEKeHHS TeIJIOAaKyMyJIsITOpa Ta eKCIyaTallifiHi
LIMKJIA KOpaobJiB. [loBeieHO MOKJIMBICTD MiJBUIIEHHS €(PEKTUBHOCTI EHePreTUYHUX YCTaHOBOK 3aCTOCYBAHHSIM
TEIJIOAKYMYJIIOI0UMX CUCTEM MPOCTOI Ta TiOPUIHOI CTPYKTYP IIPM BUKOPUCTAHHI [IKepeJl CKAJHOI TeIJIOTH 3
pi3HMMU TemIepaTypHUMH NOTeHLianaMu. [t KopabJiiB pi3HUX KJ1aciB 3a6€311e4eHO CKOPOYEHHS Yacy 3aMyCKy
rOJIOBHUX IU3€JIbHYX JBUTYHIB Bif] 2 10 7 XB Ta 3MEHIIEHHS BUTPATU [1aJIMBA HA OAMH 3aI1yCK Bifl 26 10 214 Kr.
OTpuMaHO eKCIlepUMEHTAJIbHI XapaKTE€PUCTUKHU LIYMOIJIYITHMKA-TEJI0aKyMYJISITOPa 3 OJIHI€I0 KaIICYJI0!0, 110
MiCTUTB 3 KT MaHITOJly, BU3BHAUYE€HO PEXXUMU POOOTHU ITPU MACOBUX BUTpATax BiNnpauboBaHux rasis 0,11-0,16 kr/c,
Temrepatypax 440-650 K Ta ckopoyeHHi yacy 3apsaxu fo 20 xB ipu Temnepatypi 6;1u3pko 660 K. BnockoHaneHo
METOJ, IPOTrHO3YBaHHSI NIPOLECiB KOMIIJIEKCHOI aKyMyJIsiLii TEMJIOTH Pi3HUX AKepeJl Y FibpugHuX cucTemax Ha
OCHOBI KOHUeN1ii eeKTUBHOI TENJI0EMHOCTI. [lofanpimuii pO3BUTOK OTPUMAB MifXif 10 6araTopiBHEBOTO 0O’ €EKTHO-
OPiEHTOBAHOTr'O MOJIEIOBAHHS CYyJHOBUX €HEPTeTUYHUX YCTAHOBOK. HayKoBe 3HaU€HHS I10JIITa€ y PO3BUTKY
METOJiB MaTEeMaTUYHOI'O MOJIEJIIOBAHHS MIPOLIECiB aKyMyJIsiLlii, 30epeskeHHs Ta BUKOPUCTAHHS CKUIHOI TEIIJIOTH.
[IpakTUyHe 3HaUYEHHS N10JIra€e y po3p0o0JIeHHI KOHCTPYKTUBHUX CXEM TEIJIOAKyMYJIOI0UMX CUCTEM 17151 FOJIOBHUX
IBUTYHIB NOTY>KHICTIO 1-8 MBT Ta 10NOMIXXHUX [BUTYHIB MOTY>XHICTIO 25-920 KBT. Pe3ysnbratu BpoBaaxeHo y TOB
«JlocinHO-TIpOEKTHUII LeHTp KopabsebyayBaHHs», TOB Zaliv Ship Design Ta B HaByasbHOMY Mpoleci HYK imeHi
agMipasa Makaposa. Y [epimomMy po3Jijli IpoaHasi3oBaHO Cy4aCHUM CTaH PO3BUTKY TEIJIOAKYMYJIIOIOUMX CUCTEM i
METOAIB yTUIi3aLii CKUAHOI TemIOoTH. JIpyruil po3aii NpUCBI4€HO METOLOJION JOCiAKEHb, MATEMATUYHOMY
MOJIeJIIOBaHHIO, PO3PO0OJIEHHIO MAaTEMAaTUIHUX Mojiesiell Ta ix Bepudikatii. Y TpeTboMy po3zisii HaBeneHo
PEe3yJIbTaTu TPUBUMIPHOIO MOJI€JIIOBAHHS IIPOLIECIB y TEIJIOAKYMYJISITOpax. YeTBepTUI PO3Lia MiCTUTh Pe3yJIbTaTh
€KCIIEPMMEHTAJIbHUX JIOCIIiI)KEHb MOZEJIi HIyMOTJIYIIHMKA-TEeIJIOAKyMyJIsITOpa. Y I'SITOMY PO3iji 0OIPyHTOBaHO
BIIPOBA/I’)KEHHS TEMJIOAKYMYJIIOI0YMX CUCTEM Ta PO3POOJIEHO IPAKTUYHI pEKOMEHallii 1[0J0 BUKOPHUCTaHHS

TEIJIOTU CUCTEM I'a30BUITYCKY, OXOJIOIKEHHS Ta MaCTHUJIbHOI CUCTEMH.

2. The utilization of waste heat is one of the promising approaches to improving the efficiency of surface ship and
vessel power plants. One of the key issues in this field is the use of low-grade heat to meet the demands of the
power plant, onboard systems and the crew. Despite numerous studies on thermal energy storage technologies,
the methodological and technical aspects of developing highly efficient phase-change thermal energy storage
systems integrated into ship power plants remain insufficiently developed. The application of modern
mathematical modelling, computational fluid dynamics and physical modelling of an experimental prototype
enables reliable investigation of heat accumulation, storage and utilization processes. The aim of the thesis is to
improve the efficiency of surface ship power plants through the application of thermal energy storage systems. For
the first time, a methodology for selecting phase change materials has been substantiated based on three integral
parameters accounting for the thermophysical properties of the material, design constraints of the thermal energy
storage unit and operational cycles of surface ships. The possibility of improving the efficiency of surface ship
power plants through the application of simple and hybrid thermal energy storage systems utilizing waste heat
sources with different temperature potentials has been demonstrated. For different classes of ships, the proposed
solutions provide a reduction in the main diesel engine start-up time by 2-7 min and a decrease in fuel
consumption per start by 26-214 kg. Experimental characteristics of a prototype silencer-thermal energy storage
unit containing 3 kg of mannitol have been obtained. The operating conditions have been determined for exhaust
gas mass flow rates of 0.11-0.16 kg /s, temperatures of 440-650 K, and a reduction in charging time to 20 min at an
exhaust gas temperature of approximately 660 K. The method for predicting integrated heat storage processes in
hybrid systems has been improved using the effective heat capacity concept. A multilevel object-oriented
modelling approach for ship power plants has been further developed. The scientific significance of the research
lies in the development of mathematical modelling methods for waste heat accumulation, storage and utilization
processes, as well as in establishing the influence of the thermophysical properties of phase change materials on
phase transition processes. The practical significance consists in developing design configurations of thermal
energy storage systems for main engines with power ratings of 1-8 MW and auxiliary engines with power ratings of
25-920 kW. The research results have been implemented at the Research and Design Shipbuilding Center LLC,



Zaliv Ship Design LLC, and in the educational process of Admiral Makarov National University of Shipbuilding. The
first chapter reviews the current state of thermal energy storage systems and waste heat recovery methods
applied in ship power plants. The second chapter presents the research methodology, mathematical models of
heat transfer and phase transition, the developed mathematical models, the experimental test bench, and the
verification of the proposed models. The third chapter presents the results of three-dimensional numerical
simulations of thermo-hydrodynamic processes in thermal energy storage units. The fourth chapter contains the
results of experimental investigations of the prototype phase-change silencer-thermal energy storage unit. The
fifth chapter substantiates the implementation of thermal energy storage systems in surface ship and vessel power
plants and presents practical recommendations for utilizing waste heat from exhaust gas, cooling and lubricating
oil systems.
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Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: 04ymclw90

VIII. 3aKkJII04Hi BiZoOMOCTi
Biiacue IlpisBuie Im's I1o-6aThKOBI Tka1 Muxaino PoMaHOBHY

TOJIOBH pajgu

Biacue IlpisBume Im'st [To-6aThKOBI Tka1 Muxaino PoMaHoBHY

TOJIOBYIOYOTO Ha 3acCiiaHHi

BiznoBigassHHH 3a MiATOTOBKY Kysuenos I'eopriii BanepiiioBird
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersHa AHaTosIiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTtosiiBHA

OisSIIBHOCTI




