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Increasing the efficiency of marine power plants by profiling heat exchangers tube bundles
by dimple systems

Kuznetsov V. V., Shevtsov A.P.

Admiral Makarov National University of Shipbuilding

The direction of increasing the efficiency of marine power plants by using heat exchange
elements that implement intensive methods of heat transfer, which are characterized by a predominant
increase in heat transfer over aerodynamic resistance, is considered. The research method is
mathematical modeling of processes in power plants at the level of their individual elements — heat
engine, power and technological heat exchangers. The adequacy of the mathematical model for
research the efficiency of power plants is justified by the results of verification and validation by
comparing the results of calculations with the results of a physical experiment that have a discrepancy
not exceeding 9.3%. The goal of the research is the improving the economic, environmental, resource
and weight-size parameters of power plants by using heat exchange elements with the intensification
of the processes of convective transfer of heat and mass by using finned surfaces with dimples. Thanks
to the performance of dimple systems on the edges of round pipes with spiral-ribbon finning and
elliptical pipes with lamellar finning, it is possible to increase the heat transfer coefficient up to 36%,
while the resistance coefficient of the beam remains unchanged. The use of heat exchangers with the
proposed heat transfer elements as part of ship power plants with low-speed engines and gas-and-
steam turbine units allows to improve their economic and environmental characteristics. It was
obtained that for tankers of the PANAMAX type, the increase in the efficiency of the ship's power
plant is 1.3% due to the use of elliptical surfaces with plate finning and hole systems on the ribs in the
utilization boiler. The ship's EEDI index decreased by 1.7%. For container ships with a deadweight of
more than 100,000 tons, the change in these indexes was 2.5 and 2.7%, respectively. For a marine gas-
and-steam turbine plant efficiency increase was 2.4%.

Key words: marine power plant, efficiency, heat exchanger, tube bundle, intensification, fins,
dimple
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AHoTanig. C KO)KHUM POKOM 3pOCTa€ BUAOOYTOK 3pIAKEHOr0 MPUPOAHOro raszy. PosrisHyTo
MEPCIIEKTUBY BUKOPUCTAHHS TUIABYUUX €JIEKTPOCTAHIIH Ta epeBeeHHS 1X Ha 3p1UKEHUN IPUPOIHUNA
ra3. [IpoananizoBaHo cy4acHi TEH/CHIIIi PO3BUTKY CYHOBOi €HEPI€THUKH.

Kiro4oBi cjioBa: muraByya eJIeKTPOCTAHIIIS; 3pIHKEHUN TPUPOIHUH Ta3; CyTHa-Ta30BO3H.

CaiToBe BUPOOHUIITBO MEPBUHHOI eHeprii 3pocTae Ha 1,5 % Ha pik 3 2012 no 2035 pik.

Ha puc. 1 nopiBasiHo noBroctpokosi mporuosu 2013 p. ta 2019 p., axi Oyau HaaHi B MIOPIYHUX
aHamitngHux gonoBigsx U.S. Energy Information Administration’s (EIA) [1,2]. EIA Bukonye cBoi
JOCITIJKEHHSI 3a JONOMOTOI0 BCECBITHBOI cucTeMu eHepromporHodyBanHs (WEPS+), interpoBana
€KOHOMIYHA MOJIeTh SKOi (DIKCye IOBTOCTPOKOBI 3B'SI3KM MK €HEPronocTa4aHHSIM, TOMHUTOM Ta
[iHAMH B pEriOHax 3a pI3HUMHU AomyuieHHsAMHU. CIiJ BiAMITUTH, 10 MPOTHO3M HA E€HEPreTUYHOMY
PUHKY € HEBHU3HAYEHUMH, OCKUTBKM TOAil, MO0 (OpPMYIOTh MalOyTHI 3MiHM B Taly3i TEXHOJOTIH,
neMorpadiuHi 3MIHH, €KOHOMIYHI TEHJICHIII Ta JOCTYIHICTh PECypCiB, € IWHAMIYHHUMH Ta
O6araToBeKTOpHUMHU. [IpOrHO3M HE MICTATH BIUIMB JAEAKUX MOXKIMBUX MailOyTHIX 3MiH, HampuKIas,
3MiH HaI[lOHAJIBHUX KOPJIOHIB Ta MIXKHAPOJHHUX YTIOJ], pyWHIBHI T€ONONITUYHI a00 €KOHOMIYHI MOJii,
MOSIBY MPOPHBHHUX TEXHOJIOTiH, 3MiHM B Jit04iii momiTumi Ta iHme. Hao4HOMO iMrocTpariero mporo €
karactpodiune oOpyiieHHs IiH Ha HadTy B mepmomy kBapTaii 2020 poky B 3B’S3Ky 3 BIUIHBOM
emiziemMii KOpOHaBipyCy Ha CBITOBY EKOHOMIKY Ta «ra3oBa Kpu3a» y €Bpomi 3a pe3ylbTaTaMu
MOBHOMAcCIITaOHOTO BiiicbKOBOro BTOprHeHHs P® B YkpaiHy. YacTka 3arajabHOTO CIIO)KMBaHHS Ta3y
3poctae 3 31% y 2012 poi 1o 34% y 2035 porii.
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Puc. 1 ITporuo3 cymapHoro cBiToBOro Clo:KMBaHHs eHeprii

B meit ke vac 30umbIIyeThCS 1 TIOTpeba B ENEKTPUYHIN eHeprii, 0coONMBO I BiANAICHUX
paifoHiB, Jne moOyAoBa €NEKTPOCTAaHLIN KOWITye BEJIMKUX Tpouled Ta € mnpobiaemMu 3
nanuBonocTadaHusiM. s mpubepexHuX perioHiB ab0 BENUKUX PIYKOBUX JUITHOK «IUIABYydYi
€JIEKTPOCTAHIIID» € 1/1eaTbHUM PIICHHSM sl 33JOBOJICHHS OTPEd B €JIEKTPOINOCTaYaHH] Ha IIBUIKIN
ocHOBI [3]. KifbKiCTh MIaBy4YHX €JNEKTPOCTAHIIN 30UIBIIYETHCS B OCTAaHHI AECATHIITTS. BimbimicTs
IUTAaBYYHX €JIEKTPOCTaHII MpalfoloTh Ha Ha(TOra3oBOMY MalMBI 1 F€HEPYIOTh BUKUIM B IOBITPA,
CTBOPIOIOTH IIYM i CKHJIAIOTh BUKHIU y BOJY, 11O BIUIMBA€E HA MICIIEBE CEPEIOBHUIIE, SIKICTh TOBITPS 1
BOJIY, a TAKOXK Kimimart [4].

[TnaBy4i enekTpocTaHilii BAKOPUCTOBYIOTHCS B SIKOCTI:

- TOBFOCTPOKOBOI'O BUPOOHHUIITBA €JIEKTPOCHEPrii, B KpaiHax, 1110 PO3BUBAIOTHCS;

- THMYAaCOBOI 3aMiHH €JICKTPOCTAHIII] Ha CYIIIi, SKa Oy y€ThCss a00 TUMYACOBO BHMIILIA 3 JIAAY;

- aBapiliHOTO JyKepesa, KOJM €JIeKTPOEHEpris TMMYacoBO BIJCYTHA Ha CyIIl yepe3 MpUpPOJHI
MIEPEIIKOIH;

- 3a0e3MeyeHHs eJIeKTPOSHEPriel cyAaHa Oig mpuyany, 100 BOHHM MOTJIHU BiJIKIIOYUTH CBOT
reaeparopu. Lle Moke Tpu3BECTH 10 CKOPOYEHHS BHUKHIIB Yy TOpTax, SKIIO TUIABEIEKTPOCTAHIIIS
npartoe Ha 3I1T7, a cyJTHOBI TeHepaTopH MpaloTh Ha Ma3yTi, epedyBatouu 0T MpUyay.

Ha croromnimHiit AeHb iCHY€ Ba THIH IJIABYYHX CYJHOBUX €JIEKTPOCTAHIIIN: CaMOXiIHI CyTHa,
SIKI TIPU3HAYEHI ISl BUPOOJICHHS €JeKTPUYHOI €Heprii, Ta HecaMOoXigHi Oapxi, siKi, SK MPaBUIIO, €
CreniaIbHO MOOYA0BaHUMH TUIABYYHUMH CIIOPYIAMH, B SIKUX PO3MIIIY€THCS €JIEKTPOCTAHIIIS.
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[ToTyXHICTh TUTABYUYMX EJEKTPOCTAHINN 3a3BHUYail KOIMMBA€eThCs mpuOmm3Ho Big 30 MBT no
500 MBt. Cyana maroTh cepeiHi0 MOTyXkHIicTh 125 MBT, mo nemo Oinblne, HiX MOTYXHICTh
HecaMmoxigHuX Oapxk (B cepeanbomy 70 MBT). BinbmiicTh miaBydnx €leKTPOCTAHIIM MPAIOI0Th Ha
HapTOBOMY mayMBi. Ma3syT paHinie OyB OCHOBHUM TMajMBOM, ajieé BCe OUIbINA KUTBKICTh TUIABYyYHX
€JICKTPOCTAHIII MalOTh JBOMAJIMBHI JBUTYHH TeHepaTopiB abo mpaiiotoTh Bukitouno Ha 3[1I7. [Taauso
iHOI1 30epiraeTbcsi Ha OopTy, ayne dyacrime 30epiraeTbess Ha Oepe3i abo B IUIAByYOMY CXOBHILI.
3aranbHa MOTY>KHICTh BUPOOHHUIITBA €JIEKTPOCHEPTIi BCIX IMJIABYYHX EJIEKTPOCTAHIIIN, IO MPAIIOI0Th
Ha Ha(TOra3oBOMy MHayiMBi, cTaHOBUTH Tpoxu MeHme 10 I'Bt, mo cranoButs npubmuzno 0,1% Bin
CBITOBOI MTOTY>KHOCTI €JIEKTPOCHEPTi.

[Tin yac HOpManbHOI pPOOOTH MIaBYYi €JIEKTPOCTAHIl] MOBHHHI JOTPUMYBATHUCh BCIX BUMOT
3araJIbHONIPUMHATHX CBITOBMX CTAaHIAPTIB Ta KOHBEHIIM 3a KUTBKICTh BUKHUJIB MAapHUKOBHX Ta3iB,
3aKHMCYy a30Ty, OKCHJly CIPKH, JIETKUX OpraHIYHHMX CHOIyK Ta TBepAux dacTHHOK (NOy, SOy 1 PM), a
TaK0X HaBKOJIMLIHIN 1 MIABOAHUN mIyM. TOMy Ha MJaByuYuX €JIEKTPOCTAHLIAX BUKOPUCTOBYIOTH IS
NepeMIIIeHHs] Ta BUPOOJIEHHS eJleKTpoeHeprii Taki Tunu ABUryHiB: J[B3, ski mpaitoroTh Ha Ma3syTi,
JM3EeIIbHOMY TaJIMBI, Ta3oin Ta Glonamusi [5]; nBomanuBHi (DF) nBuryHm, 1mo BHKOPHUCTOBYIOTH SIK
piake, Tak 1 ra30mo/i0He MaaTuBO; ra30Bi TypOiHU, K1 37aTHI MPAIFOBATH TIILKH Ha Tasi.

3a ocranni 11 pokiB (2012 — 2022) Ascrpanis ta CHIA odommmm 3pocTaHHS TIO0ATBHUX
notyxHocteit 3I1I°, nomaBim 75% Bin 3araigbHOro 30UMBLICHHS TI00ATBHUX MOTYXKHOCTEH 3a Iei
niepiox [2].

B Toil xe wac 3poctaroTh BUpPOOHMYI MOTYXHOCTI 3aBoliB LNG Ha apkTHuHOMY Y30epeioki
Kanamu. Tak rirantcekuii poekT Shell LNG Canada 3aBepmieno Maiixke Ha 85 BIJICOTKIB 1 Ma€ IIaH
710 BIJIBAHTAKEHHs MEPILIUX BAHTAXIB 0 CEpeAMHHU ACCATWIITTA. 3akiHYeHa mnepma ¢aza MpOeKTy
LNG Canada sixa nepenbayvarna OyaiBHAIITBO IBOX YCTaHOBOK 3pi/KEHHS MOTYKHICTIO 14 MIIH TOH Ha
pik. Oxpim Shell, cepen iHIMX NmapTHepiB MEPUIOro KaHAJACBKOTO ekcrnopTHoro TepMinany CIIIT —
Manai3ificeka Petronas, PetroChina, simorceka Mitsubishi Corporation i miBaeHHOKOpeiicbka Kogas, a
rosioBHUM mnigpsaaHukoM npoekty € JGC Fluor [6]

YacTka npupoaHOTO ra3y, M0 BUKOPUCTOBYIOTHCS JJIsi BUPOOHUIITBA €IEKTPOCHEPTil IIIaByYUMH
€JIEKTPOCTAHLIISIMH, IIBUAKO 30UIBIIYEThCS, OCOOIMBO 3a paXyHOK IPOEKTIB 3 BUKopucTaHHsaM 31T

CramroBaHHS TPUPOJHOTO Ta3y BHUIAUISNE MEHIIE 3a0pyIHIOIOYMX PEYOBWH, HDK 3BHYAliHI
Ha(TOBI BUMU MAIKBA, 1 MOXXE€ MaTU MEHIII BUKUAM MapHUKOBUX raziB. 3I1I" Takox po3risaaeTses K
MepexigHe MaluBO. 3alliKaBlIeHI CTOPOHHM BBAXKAIOTh, MO IUIABYYi EJIEKTPOCTAHIIT MOXKYTh JIETKO
MepeTy Ha TTOHOBIIIOBAH1 BUAM MMajNBa, TaKl sIK METaHOJ, aMiak abo BOJCHb, y MallOyTHbOMY. [7]

OCKUTBKM TUIaBY4i €JIEKTPOCTAHIlI B JaHWKA Yac BUKOPUCTOBYIOTh aHAJIOTIYHI IajHBa
CYJIHOTIJIaBHIM MMPOMMCIOBOCTI JIsi BUPOOHMIITBA €IEKTPOCHEPT i, IITKOM HMOBIPHO, 1110 BOHH OYIyTh
CJIiTyBaTH TiHl )K€ TEHACHIIIi O BUKOPUCTAHHS AIbTEPHATHBHHUX BUIIB NAJIMBA B CEPEIHBOCTPOKOBIH 1
JIOBTOCTPOKOBi# MEPCIEKTUBI.
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ANALYSIS OF POWER PLANTS FOR FLOATING POWER STATIONS
Oleksandr K. Cherednichenko, NatalyaV. Korobyeynikova
Admiral Makarov National University of Shipbuilding, Mykolaiv

Abstract. The production of liquefied natural gas is growing every year. The prospects for the
use of floating power plants and their conversion to liquefied natural gas are considered. The current
trends in the development of marine energy are analyzed.

Key words: Floating power stations; liquefied natural gas; LNG carrier
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SHU/KEHHSA TABAPUTHUX XAPAKTEPUCTHUK CYJHOBUX JU3EJIBHUX
EHEPTETUYHHUX YCTAHOBOK 3 I'VNIMBOKOIO YTUJII3ALIECIO TEIIVIOTH

Kysnenosa C.A.
KaHouoam mexHiyHux Hayx,
Odoyenm kageopu Excniyamayii cyOHO8UX eHepeemudHux YCmaHo80K ma menioeHepeemuxu
Hayionanvnozco ynieepcumemy kopabdnebyoysanns imeni aomipana Maxaposa
M. Muxonais, Yxpaina
svitlana.kuznetsova@nuos.edu.ua

AHotanisa. IlpencraBneHi pes3yiabTaTH OIIHKK €(EKTUBHOCTI BHKOPHCTAHHS TIIyIIHHKA-
eKOHOMan3epa mpHu TIAWOOKIA YTWIi3amii TEIJIOTH JU3eIb-TeHEPaTOpPiB Ta TOJIOBHUX AU3EIBHUX
JIBUTYHIB. 3aCTOCYBaHHS TaKOTO €JIEMEHTa JI03BOJIsie 00’ €THATH JBa €JIEMEHTAa - KOTEJ Ta INIYIIHUK Y
€MHOMY KOpITyCl 1 I iIHTeHCH}iKaIii TeruioBiAayul T0AaTKOBO BUKOPUCTATH CHCTEMY JYHOK Ha
pebpax. Lli KOMIJIEKCHI 3aXOAM [O3BOJMJIM 3HU3UTH TadapuTH IOrO eneMeHTy. JlomaTkoBo
TepeBipeHa MOYKJIMBICTh 3aJJ0BOJICHHSI BUMOT 110 3HIKEeHHIO mymy. Yucna Crpyxana 0,184-0,190 npu
MaKkCUMallbHOMY jaomyctumomy 3HaueHHI 0,210 miaTBep/pKyloTh 3a0e3neueHHs HEeOOXiIHOro piBHS
UIyMYy IpY BUKOPHCTaHHI [LOTO €JIEMEHTY.

KawuoBi cjoBa: cynHOBa €HEpreTMYHa YCTAHOBKA, JU3CIbHUM JBUTYH, TJIYLIHHUK,
eKOHOMam3ep, yTHIi3allis, rabapuTHI MOKa3HUKH.

[TinBumennss BuMor MisxkHapoaHoi MopchKoi opranizaiii (/nternational Maritime Organization
— IMO) no ekonoriyHoi e€(peKTUBHOCTI CYIHOBUX EHEPreTHYHUX YCTAaHOBOK OOYMOBIIOE TOIIYK
croco0iB iis 3abe3nedeHHs ixX BiamoBigHOCTI [1, 2]. OmHUM 3 TakuX € TIMOOKa yTHITI3allis TeTUIOTH
BTOPUHHUX €HEPropecypciB, 110 3abe3rneuye 3HWKEHHS] BUTPATH MAIMBAa €HEPTEeTHYHOK YCTaHOBKOIO,
3MEHIIYIOYH TAKUM YHHOM 3arajlbHUA 0OCST BUKH/IIB IIKIJIMBUX PEYOBHH B aTMOChEDY.

Komnanis MAN B&W po3pobuia Ta mpomoHye A AW3EIbHUX EHEPreTHYHUX YCTaHOBOK
KOHTEHHEPOBO3IB DS TEIUIOBHX CXEM TJIMOOKOi yTHIIi3allii TeIJIOTH BTOPHHHHUX EHEPropecypciB —
HAJyBHOTO TMOBITPS Ta BIANPAIlbOBAHMX Ta3iB TOJOBHOTO JIBUTYHA Ta BIIMpalbOBaHUX Ta3iB
JTOTIOMDKHHMX ABUTYHIB [3]. Peamizanis Takux cxeM 3 JOJATKOBUMH YTHJII3AI[iIHHUMHU €JIeMEHTaMU
YCKJIQIHIOETBCS 13-32 3pPOCTaHHA 1 TaK BIHOCHO BHCOKHX TabapuUTHHX TMOKa3HHUKIB. Takoxk
00OMEXEHICTh Ta30BHITYCKHUX CHCTEM I10 BHCOTI Ta HAsBHICTh JIOJATKOBUX €JIEMEHTIB, IO 3HIKYIOTh
Bukuau Mo NOy ta SOy, 11e O1bIle 3arocTpIoI0Th CUTYaIlil0. AHAJ3 CydYaCHUX AM3EIbHUX YCTaHOBOK
cynaeH 3a nmanuMmu Significant Ships [4] moka3aB, mo peasizallisi MOAIOHUX CXEM MOJKJIMBA HE TUTbKH
JUIE KOHTEHHepoBO3iB, a 1 st OankepiB abo cynmeH tumy Con-ro. OcoOmuBICTIO cKiIamy iX
E€HEePTeTUYHUX YCTAaHOBOK € OJIMH TOJIOBHHUH Majoo0epToBuii 1BoTakTHUM nBuryH (I'J]) Ta 3-5 nuzens-
rereparopa (') 3 BUCOKOOOEPTOBUMH YOTHPHOXTAKTHUMH ABUTyHaMu. [IpucyTHi i oOMexeHHs 1o
noTy>kHOCTI, a came He meHm ['J] —12000 kBt ta JII" - 600 kBrT.
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