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IMPROVEMENT OF THE PROCESS OF PREPARATION OF PETROLEUM FUELS FOR
MEDIUM-SPEED MARINE DIESEL ENGINES

The issue of improving the process of preparing fuels of petroleum origin for medium-speed marine
diesel engines is considered. It was determined that the use of liquid fuels of petroleum origin with
increased density in medium-speed marine diesel engines requires its additional processing. One of the
common methods of additional processing of fuel is the addition of special fuel additives to its volume. At
the same time, manufacturers that ensure their supply to ships of sea and inland waterway transport do
not determine the optimal concentration of additives in the volume of fuel, indicating only the possible
range of this concentration. This leads to unnecessary consumption of fuel additives (the cost of which is
up to three orders of magnitude higher than the cost of fuel), and can also cause an increase in the
thermal intensity of the diesel engine and a deterioration in its environmental characteristics. The
purpose of the study was to determine the impact of chemical fuel treatment on the main operational
indicators of marine diesel engines, which characterize its economic, environmental and thermal
intensity. The specific effective fuel consumption, nitrogen oxide emissions with exhaust gases and
average exhaust gas temperature were taken as indicators. Studies carried out in the fuel systems of four
identical 6L32F diesel engines manufactured by Wartsila yielded experimental results confirming the
reduction in specific effective fuel consumption when using fuel additives. For different concentrations of
the additive in the base fuel, a different amount of reduction in specific effective fuel consumption is
observed, which is 1.8...4.7 %. Also, for different concentrations of the fuel additive in the volume of fuel
injected into the diesel cylinder, an improvement in the environmental friendliness of the diesel engine
was determined, which is reflected in a 13.2...14.5 % reduction in nitrogen oxide emissions with exhaust
gases and a decrease in temperature stress, as evidenced by a 10...14 °C decrease in the average exhaust
gas temperature in the diesel cylinders.

Keywords: chemical treatment of fuel, environmental friendliness of diesel operation, diesel
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3ABE3NNEYEHHSI EKOJTOI'TYHUX MMOKA3ZHUKIB CYJTHOBHUX JU3EJIB HIJIAXOM
BUKOPUCTAHHSA CUCTEM PEHUPKYJIAIII BUITYCKHUX I'A3IB BUCOKOI'O TUCKY

Poszenanyma numanna wooo 3ab6e3neyeHHs eKONO02IUHUX NOKA3HUKIE CYOHOBUX OU3eNi8 UWLIAXOM
BUKOPUCMAHHA CUCMeEM PeyupKyIaAyii 8UNYCKHUX 2a3ié eucoxkozo mucky. lIpoananizosano mexawizm
YMBOPEHHs OKCUOI8 a30my Ni0 YacC 320PAHHA 8 CYOHOBUX OU3eNAX Hagdmosux naius. Buxonano cmucnuii
aHANi3 OCHOBHUX CNOCO0IB, WO CHPUAIOMb 3HUNCEHHIO eMICIi OKCUOig a3omy 3 BUNYCKHUMU 2a3aMu
cyoHosux ouzenis. Buceimaeni ocobrugocmi cucmem peyupKyasayii 6UNyCKHUX 2a3ie 8UCOKO20 MUCKY , WO
BCMAHOBNIOIOMbCA HA CYOHOBUX MAN000epmosux ouzensx sucokoi nomysxcnocmi. Hasedeni pesynomamu
00CNi0JCEeHb, WO BUKOHYBANUCHL HA CYOHOBOMY Mmanoobepmosomy ouseni 6UECG68-Tierll ¢ipmu
Mitsubishi, obnaonanozco cucmemor peyupkyIayii BUNYCKHUX 2d3i68 BUCOKO20 MUCKY. 3a80aHHAM
00CNiONCEeHHsT OYI0 BU3HAUEHHS GNIUBY CUCMEMU DeYupKyIayii UNYCKHUX 2a3i68 GUCOKO20 MUCKY Hd
€KOJIO2IYHI, eHepeemu4Hi ma eKOHOMIUHI NOKA3HUKU pobomu CYOHO0B020 MANo0OEepmo8o2o Ou3eis.
ExcnepumenmanvHo 6CMAHOBNEHO, WO 3MIHA CMYNeHs PeyupKyIayii eunycKHux 2asie y 0ianasoui
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5..20 % 3abe3neuye 3HUNICEHHS KOHYeHmMpayii OKcudie azomy y BUNYCKHUX 2a3aX GIONOGIOHO Ha
6,8...27,3 % 3anexcno 6i0 uyacmomu 0OepmMaHHs Ma HABAHMAJICEHHs Ouzensd. Taxoxc 6useneHo, wo
BUKOPUCTNAHHSA CUCTNEMU PeYUPKYIAYIl BUNYCKHUX 2d3I8 BUCOKO20 MUCKY NPU3BOOUMb 00 3HUMCEHHS.
EHepeemuyHux ma eKOHOMIYHUX NOKA3HUKI6 pobomu cyoHosux ouzenie. Excnepumenmanvho
BCMAHOBNIEHO WO NPU YbOMY RUMOMA ePEeKMUBHA UMPAmMa NAaIuUed, o XapaKmepusye eKOHOMIYHICMb
pobomu Ousens, Ni0BUULYEMbCA NPONOPYIUHO 3POCMAHHIO CIYNEHsl PeYUpPKYIAYii 8UNYCKHUX 2a3i6 i O
PIBHUX  WBUOKICHUX —pedicumié pobomu Ouzeisi y 6i0COMKOBOMY  CNIBGIOHOUIEHH] CMAHOBUMb
0,85...4,34 %. Egexmusna nomyosicHicmv oOuzens, w0 Xapakmepuzye U020 eHepeemuyHi NOKA3HUKU,
s3Hudncyemocs Ha 1,2...3,43 % 3 nioguweHHaM cmynens peyupkyaayii eunyckuux easzie. Heszsaoscaouu na
NO2IPULEHHST eKOHOMIYHUX MA eHepeemudHUxX HOKA3HUKIG Ou3esis, 3aCMOCYB8AHH CNOCoOy peyupKyiayii
BUNYCKHUX 2a3168 8UCOKO20 MUCKY HA CYOHAX MOPCbKO20 MdA BHYMPIUHb020 8600HO20 MPAHCHOPMY MAE
WUPOKT NepcneKmusU, momy wo to2o 6UKOPUCMAHHI 3a0e3ne4ye BUKOHAHHS MINCHAPOOHUX BUMO2S U000
3axXUCMy HABKOIUUWHBO20 NOBIMPAHO20 Cepedosuua 8i0 3a0pYOHEHH I MA CRPUE NIOMPUMYT eKONO2IYHOT
be3nexu cyoen ma ix eHepeemuyHUx yCmaHoB8OK.

Knwuoei cnoea: exonoriuna Oe3neka, €KOJOTIYHICTH poOOTH AW3ENsl, €KOHOMIUHICTH POOOTH
JU3eTIsl, eMicisl OKCHJIIB a30Ty, MOPCHKUI TPaHCIOPT, PELUPKYJIALIS BUITYCKHUX Ta3iB, MUTOMAa BUTpaTa
MAJIMBA, TIOTYXHICTh TU3€JIs, CYTHOBUN JH3EIb.

ITocTanoBka mpo0JieMu y 3arajibHOMY BHIVISAI Ta il 3B’A30K i3 BaKJIMBUMH HAYKOBUMH 4
NPAKTHYHUMHU 3aBJaHHAMM. CyTHOBI ABUTYHU BHYTpPIIHBOTO 3ropsiHHA ([IB3), siKi BUKOPUCTOBYIOThCS
Ha BCiX 0€3 BUHATKY CyZIHaX MOPCHKOTO Ta BHYTPIIIHHOT'O BOJHOTO TPAHCIIOPTY, BUKOHYIOUYH TPU I[OMY
GyHKIIT SK TOJOBHUX, TaK 1 JOMOMDKHHUX ABUTYHIB, € JDKEpeIaMH IiJIBUIEHOTO 3a0pyIHEHHS BOJHOTO
Ta noBiTpsiHOro cepepoBumia [1-3]. LLnsixoM BUKOpHCTaHHS CHEIiaIbHUX TEXHOJOTiH Ta 003 qHAHHS 3
OYMILEHHS BOJ, 110 MICTATh HAPTY, a B I€IKUX BUIMAJKaX 3a PaXyHOK IIOBHOI BIJIMOBM BiJl CKMJaHHS LIUX
BOJI, MOJIMBO MiHIMI3yBaTh a00 TMOBHICTIO YHHUKHYTH 3a0pyJAHEHHS BOJHOrO cepemoBuina [4-6].
3abe3neunT podoty cynHoBux JIB3 6e3 3a0pynHEHHs MOBITPSHOTO CEPEOBHINA HEMOXKINBO, OCKITIBKU
iXHI pOOOYHIA ITUKJI HEMHHYYE BKJIIOYAE IO CBOTO CKJIAIy MPOLEC BUITYCKY BiAIpaIboBaHuX rasis [7-9].

ITix yac BUKOpHUCTaHHS BYIJIEBOJHEBUX MAJIUB HA(PTOBOIO MOXOJPKEHHS, sIK€ IiJ] 4ac 3TOPSHHS €
JDKEpPEJIOM TEIUIOBOi €Heprii, Ta aTrMOC(EpHOro MOBITPS, SK OKUCIIOBAaYa ITiJ[ PeakKilii 3aiiMaHHS Ta
3rOpsiHHS MajuBa, B IMIiHAPI cyaHoBUX JIB3 yTBOprotoThes BumyckHi rasu (BI'), siki ckiamaroTecs Ha
99,2 % 3 HETOKCHYHUX KOMIIOHEHTIB — IPOJYKTIB HEMOBHOTO 3TOpSHHS (OUTBIIOI YaCTHHOK SKHX €
niokcua Byriaemo COz 1 BoasHa mapa H20) i moBiTps 31 3HM)KEHHM BMICTOM KHCHIO. YCl TOKCHYHI
KOMITOHEHTH, 110 YTBOPIOIOTHCS B CYJTHOBUX JTU3EISAX, MOXKHA MOAIIUTH Ha JBi rpynu. [{o mepmoi rpymu
BIJTHOCSTBCS MMPOJAYKTU HETOBHOI'O 3TOPsIHHA MayinBa — 11e MoHookcu Byriemto CO, ByrneBogHi CnHm,
anpyeriin R-CHO Ta caxxa C. TokcnyH1 KOMIOHEHTH APYToi IpyNH YTBOPIOIOTHCS B PE3YJIbTaTl HOBHOTIO
OKHCIICHHSI XIMIYHHMX €JI€MEHTIB, 1110 BXOJATh JI0 CKJIaQy MajuBa Ta MOBITPs — 1€ okcuau azoTy NOx Ta
cipku SOx. CynnoBi /JIB3, mo 3HaxondTbCs B €eKCIUTyaTallii, BHMaraiTh IOCTIHOIO MOLIYKY
e(eKTUBHHUX CIOCO0IB 3HMKEHHA TokcuyHocTi BI', Hacammepesn BukuiiB okcuaiB a3oTy NOx. Bwict
okcuaiB a3ory B BI' permamentyerbcs Bumoramu Annex VI MixnaponHoi konseHuii MARPOL ta
3aJIe)KUTh BiJI pOKY MOOY/IOBU CyIHA Ta 4aCTOTH o0epTaHHs Baiy au3ens [10-12].

Oxcuau a30Ty € €IMHUMU 3 3a0pyIHIOBAJILHUX PEYOBHH, SIKI HE MOXYTh OyTH BHJIAJEHI LUIIXOM
3MIHM COpPTy THanuBa (SIK 1€ MOXJIHMBO MAJsi 3HIKeHHS BUKUIIB SOx), OCKUIBKM HaiyacTillie BOHH
YTBOPIOIOTHCS 32 YMOBOIO 3'€JHAHHA a30Ty (1110 00OB'I3KOBO 3HAXOAMUTHCA Yy CKJIAJl PIAKOrO MajuBa) 3
KHCHEM (1110 00OB'SI3KOBO 3HAXOAUTHCS Y CKIIAJI TIOBITPS y HUIIHAPI AU3EIA).

Cepen komriuiekcy okcuaiB NOx came NO € TUMH pedyoBHHAMH, sIKI MEpEBaXarOTh yCEpeauH1
TiHApa au3ens (foro BMicT B 3aranbHOMy 00csa31 NOx pocsrae =90...95 %), toai sk Oararo NO:2
YTBOPIOETHCS JIMINE TMiJ 9ac KOHTAKTY 3 HH3BKUMH TeMIepaTypaMd, TOOTO y pa3i TOTpaIuIsTHHS
BUIIYCKHUX Ta3iB B atMocdepy. YTBopeHHs NO2 BinOyBaeTbes 32 yMoBOIO 3'etHaHHA NO 3 030HOM, 1110
3HAXOJUTHCA y TOBITpi. B pe3ynbrari yoro omHookuc azotry NO meperBoproeThesi Ha nBoOKHC NO32 i
kuceHb O2 BIAMOBITHO IO PEAKITii:
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NO +0O,; - NO, +O,.

[Ticnst woro NO2 3'eqHaroThes 3 BoAsiHOO maporo HoO (sika Takok 0OOB’S3KOBO yTBOPIOETHCS 3
MOBITPS), IO TPHU3BOIUTH A0 yTBOpeHHS a3oTucToi kuciaotw HNO: 1 mami a3otHoi kucimotu HNOs
BIJITOBITHO 10 PEaKIIiii:

NO, + H,0 - HNO, - HNO, + O, — HNO,.

Came a3otHa kuciora HNOs, sika 3roloM KOHJICHCY€ETHCS B MOBITPi TB MOBEPTAETHCS HA TIOBEPXHIO
CBITOBOT'O OKE€aHy a00 OCTpiBHY Ta MaTE€pPUKOBY YAaCTHHY 3e€MJi y BHUIJIAIAI KHCIOTHUX JIOUIIB, € TIEO
CTHOJYKOIO, SKa 3aBJA€ EKOJOTiuHOi IIKOAW MOBKULIIO Ta Ha OOpoTbOy 3 SKOI CHpsSMOBaHI BCi
KOHCTPYKTHBHI Ta TEXHOJIOTIYHI pileHHs 11010 3HmkeHHs Bmicty NOx y BI™ [13-15].

Takox HEOOXiAHO 3a3HAYMTH, L0 OKHCH a30Ty, IO MOTPAIUIAIOTH B arMocdepy 3 BHUITyCKHUMHU
ra3aMM CyJHOBMX JM3€IIiB, HOPS/A 3 aepO30JISIMU Ta XJIOPOPTraHIYHUMU CIOIyKaMH, sIKI HOTPAILUISIIOTH B
aTMocdepy BiJl iHIINX CyTHOBHX MEXaHi3MiB Ta Cy/THOBOTO OOJIaJHAHHS, pyWHYIOTh 030HOBHI 1Iap, SIKUi
3HAXOJUTHCS HA BUCOTI 25 KM i oriuHae 99 % COHAYHUX Ta yabTpadioneToBux mpomeHis [16-18].

BkazaHe migKpecIro€ aKTyallbHICTh TPOBENCHHS JOCTIKCHb, CHPSIMOBAHWX HA 3HUKCHHS
HEraTUBHOT'O BIUIMBY OKCH/IIB @30Ty Ha JOBKULISA Ta JIIOJUHY.

AHani3 ocTaHHiX Aociiikenb i myOJikaniii. 3HWKEHHS KOHIEHTpamii okcuaiB azory B BIT
cynuoBux J/IB3 10 HEOOXiTHUX BETUYMH 1 MIATPUMAHHS IILOTO MapaMeTpa B HEOOXITHUX MEXKaX MOKIIUBE
3a IBOMa Ba)KJIMBHMHU HAIPSMKaMU:

* BUKOPHCTaHHS TEXHOJIOTIYHUX PILIEHb, CIPSIMOBAHUX Ha 3MIHY €KCIUTyaTallliHUX BJIaCTUBOCTEH
najMBa, KOHCTPYKIIIi MaJHMBHOI arapaTypH, XapaKTePUCTUK MPOLIECY MaJHBOIOadi, XapaKTepy mnepediry
poOouoro mpoiiecy, 1o nepeayo MomeHty yreopernst NOx y numinapi auzens [19, 20];

* OesnocepenHiil BrumB Ha BI' (ix ounienHs, XiMiyHa 0OpoOKa, peIUpPKYIISLis) IPOTIroM Yacy,
KOJIM BOHU Tepe0yBalOTh Y Ta30BUITYCKHIN cucTemi nuzens [21, 22].

3umxkenHs emicii NOx muisixoMm XiMigHOT 00poOKHM manuBa Oysio JOCTiKeHO B poborax [23-25],
OpyU 1IbOMY I1i OCHOBHUM 3aBJaHHSAM OyJIO BHM3HAUCHHsI ONTUMAJIbHOI KOHLIEHTpALil peareHTiB, IO
BBOJIATHCS B MAJIMBO, 3 METOKO iHTEHCH]IKAIIii MPOIecy HOro 3ropsiHHs.

3a0e3neueHHs] E€KOJIOTIYHMX TapameTpiB pobotu cynHoBux JIB3 3a paxyHok MojepHizarii
noOy/0BU Ta KOMIUJIEKTAIll MaJMBHOI CHCTEMHU pO3IJSAaliocsl y AOCHIDKEHHSIX [26-28], mpore s
peamizaiii OTpUMaHUX Y HUX pe3yJbTaTiB MOTPiIOHE NOJAaTKOBE 0OJaJHAHHSI, L0 TATHE 3a CO0OI0 3a
co0010 MiABUILEHI BUTPATH €HEPrii.

MonentoBaHHsl TMPOLIECIB  YTBOPSHHSI OKCHIIB a30Ty BHKOHyBaiocsi B poborax [29-31],
nociimkeHHs [32-34] npucBsyeHi NOYKY ONTUMAIbHOTO CTYIEHS PELMPKYJISILI] BUYCKHUX Ta3iB JUIs
CHCTEM HM3BKOTO THUCKY. ICHye i 1HIIIa cXema pelupKyJIALii BUIYCKHUX ra3iB — CUCTEMa BUCOKOTO THCKY,
y SIKI{ ra3u MOBEPTAIOTHCS B LMIIH/P OJpa3y Micis BUILYCKHOTO KOJEKTopa. Y IbOMY BUIAJAKY (Y 3B'S3KY
3 iX MEHIIMM INUTOMHM 00’€MOM) CYTTEBO 3MEHILIYIOThCS Ta0apuTH CUCTEMHU PELUPKYIISILIT Ta Binaaae
HEOOXITHICTh B YCTaHOBIII JJOJATKOBOTO HAarHiTaua BUCOKOI MOTYKHOCTI, SIKHH (K I1e 3a0e3MeuyeThCs B
CHCTEMI PelMpKYJALii HU3BKOTO THUCKY) 3a0e3ledye MOBEPHEHHS ras3iB B MPOJYBHHHM KOJEKTOp 1 10
LWTIHJIPIB AU3EIS.

®opmy1ioBaHHA Uijeil craTTi. B ocTaHHe NecATHNITTA SK OAMH 13 CMOCOOIB 3abe3meueHHs
€KOJIOTTYHOCTI CYAHOBUX JM3€IIIB 1010 eMicii OKCHU/IIB @30Ty BUKOPUCTOBYIOThCS CUCTEMH PELUPKYJIISAIIS
BUIIYCKHUX Ta3iB BHCOKOTO0 THCKY. Po3poOka maHUX cHCTEM Ta iX BCTAHOBJIEHHS BUKOHYIOTHCS JUIS
HOBOTIPOEKTOBaHUX cyJeH. IIIMpokoro mocBigy TeXHIYHOI eKcIuTyarallii IMX CHCTEM B JaHWH dYac He
ICHY€, @ peKOMeH/1aIlii 10JI0 X BUKOPUCTAaHHS B OCHOBHOMY 0a3ylOTbCsl Ha TEOPETUYHHMX PO3paxyHKax i
MOJIEJTIOBaHHI TMpPOLECIB, 110 BiAOyBalOTbCcS MpH [bOMY. BpaxoByrouM BHKIAJEHE, 3aBIAHHSIM
JOCIIJKeHHsI OyJI0 BH3HAUEHHS BIUIUBY CHUCTEMHU PELUPKYJISLii BUITYCKHMX Tra3iB BUCOKOI'O THCKY Ha
€KOJIOTIYHI, EHEPreTHYHI Ta EKOHOMIYHI TOKAa3HWKH pPOOOTH CYIHOBOTO Majlo0OEpPTOBOTO U3
B6UECG68-Tierll ¢ipmu Mitsubishi, o6agHaHoro cucTeMor0 pelupKysnii Bunmycknux rasis (Exhaust gas
recirculation — EGR) Bucokoro THcky.
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Bukiaa ocHoBHOro Mmartepiany. ExcriepuMeHTanbHi TOCTIIKEHHS Ha Cy/IHI BaHTaXKOM1THOMHICTIO
54860 Mm%, mpu3HaueHOMY IS TepeBe3eHHs 3pi/ukeHnX HadToBUX rasi. [omoBHwmit meuryn 6UEC68-
Tierll ¢pipmu Mitsubishi, mo OyB BCTaHOBJIEHO Ha CYy/HI, XapaKTepPHU3yBaBCS HACTYIHUMH OCHOBHUMH
NMOKa3HUKaMK: giamerp IwiaiHapa — 680 mm; xig mopmHs — 2690 MM; KUTBKICT HHWIIIHAPIB — 6;
HOMiHaNbHA NOTYXHICTh — 15240 xBT; yacrora oGepranHs, 10 BiANOBiIa€ HOMIHAJBHIA MOTYXHOCTI —
84 06/xB. IlpunrmumnoBa cxema cymaHoBoro mmsenst 6UEC68-Tierll ¢gipmu Mitsubishi i3 cucremoro
PELMPKYJIALIi BUITyCKHUX Ta3iB BUCOKOTO THUCKY, Ha SIKOMY BHKOHYBAJIHCh JOCIHIDKEHHS, NOKAa3aHO Ha
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Pucynok 1 — I[IpuHIMIOBa cxemMa CUCTEMH PEIUPKYJIAIii BUITYCKHUX ra3iB BUCOKOTO THCKY CyJTHOBOTO
manoobeptoBoro auzenst 6 UEC68-Tierll ¢pipmu Mitsubishi:

1, 5 — razotypOoHarHitay; 2 — BUIIyCKHUH KOJIEKTOP; 3 — KEPYIOUHA KJIarmaH CHCTEMH PEIUPKY ST
BUITYCKHUX ra3iB BUCOKOTO THCKY; 4 — ckpyOep; 6 — Hacoc moiayi mpicHOT BOJU B CUCTEMY OYHIIEHHS Ta
OXOJIO/KEHHS BUITYCKHUX Ta3iB; 7 — IMUCTEPHA MPICHOT BOJIM CUCTEMH OYUIICHHS Ta 0XOJIOKEHHS BUITYCKHUX
razis; § — JONMOMDKHUN Ta30BHUI HATHITaY 13 eeKTpUYHUM IpuBoAoM; 9, 11 — oxono0pKyBay HaITyBHOTO
noBitpsi; 10 — mponyBHuit pecusep T, K — ra3oBa TypOiHna Ta mOBITpsSHHUI KOMIIPECOp Ta30TypOOHArHiTauiB

Cucrema mpattoe B Takuil croci®. BumyckHi rasu 3 IWIHAPIB AW3€NsS HAAXOAATh y 3arajbHUi
BUITYCKHUHN KONEKTOp 2 1 mami no razorypOoHarHeTadiB 1 i 5, micig 4oro depe3 ra3oBUITYCKHY TPYOy
BUJAIAIOTHCS B aTMocdepy. ['azoTypOonarnitadi 1 1 5 3a6uparoTh NOBITPs 3 MAIIMHHOIO BIJIUJIEHHS Ta
IicCJIs CTUCHEHHS CIIPSIMOBYIOTh HOT0 uepe3 oxosiokyBadi 9 1 118 noitpstHuit (mpoaysHuit) pecusep 10.
[Ipn upoMy razorypOoHarsitay 5 oOnajHaHUN CHCTEMOIO PELUPKYJISLIl BUIYCKHHUX Ta3iB BHUCOKOIO
TUCKY, JIO CKJaxy sIKOi BXOJATh Kepyrouuil KjamaH 3, ckpyOep OuuIleHHs rasiB 4, HUCTepHA 7 MPiCHOI
BOJIM CHCTEMHU OYMILEHHS Ta OXOJIO/KEHHSI BUITYCKHHMX ra3iB Ta Hacoc 6 1mojadi IpicHOI BOAU B CUCTEMY
OYMIIICHHS Ta OXOJIO/KEHHsI BUITYCKHMX ra3iB [35, 36].

ITig yac ekcrryaranii CUCTEMHU PELMPKYIISLI] BUTYCKHUX ra3iB BUCOKOIO TUCKY iX KUIBKICTB, 1110
MIOBEPTAETHCS Yepe3 CHUCTEMY OYHILEHHS 10 MPOJYBHOI'O PECHUBEPY Ta LMIIHIAPIB JU3ENs, PETyIIO€ThCS
KJarmanoM 3. BUMyckHI ra3w OUYHMINYIOTHCS 1 MOMEPEIHBO OXOJIOKYIOTHCS B CKpyOepi 4, MICIs 40ro
JOJJAaTKOBUM HarHiTaueM 8 MOJAIOThCS Ha 3MILIYBAaHHSA 3 MOBITPAM (110 HAIAXOIUTh 3 MOBITPSIHOTO
KOMIIpecopy ra30TypOOHarHiTyBaua 5) 1 1ajii npsMyroTh A0 IpoAyBHOTO pecuepy 10.

[Tix yac ekcrnepUMEHTAJbHUX JIOCHIJKEHHSAX, MPOBEJAECHUX HA CYIHI, BUMIpIOBAJIUCS 3HAUYEHHS
koHUeHTpanli NOx y BHIIyCKHUX Ta3aX, NUTOMOI e(eKTHBHOI BUTpaTH MajuBa Ta €(EeKTUBHOI
noTy>kHocTi Au3enst Ne 17151 pi3HOTO CTYIEHS pelUpKYJIALii BUITYCKHUX T'a3iB.

Konnentparis NOx, a TakoX IHIIUX CKJIQJOBHX BUITYCKHHMX Ta3iB, BH3HAYajacs 3 JOMOMOTOIO
razoanaiizaropa Testo350XL, skuii 103BoJsie BU3HAYAaTH KOHIEHTpalii HacTtynHux pedoBuH: CO, O,
N2, NOx, CH4, SO2, H2S, a Takoxx TemmepaTypy, BOJOTICTh, IMIBUAKICTh Ta JU(EPEHITIAIBHUNA THCK
BUMIPIOBAaHOTO CEPEIOBHUIIIA.
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CryniHp pemupKyysnii ras3iB miJg 4ac eKCIepHUMEHTIB 3MIHIOBAJAcsi B HACTYNHUX 3HAYCHHSX:
EGR=5 %, EGR=10 %, EGR=15 %, EGR=20 % i po3paxoByBaJiacsi 3a BUpa30oM

EGR = Zeor
[0

Jie oL — 3Ha4eHHs Koe]ilieHTa HaAIUIIKY MOBITps 6e3 Bukopuctanus cuctemu EGR;
OLEGR — KOE(IIIEHT HA/UIMIIKY MOBITPS il yac BUKopucTaHHs cuctemu EGR.
Jns BusHauenHs cryneHs EGR kxoedimieHTH Ha[MIIKy MOBITPS O Ta OEGR BH3HAYAIHCS 3

ypaxyBaHHSIM 00'€MHHMX KOHIIEHTpAIiil KUCHIO Ta a30Ty y BHIIyCKHHUX Ta3ax 3a YMOBOI POOOTH ITU3EI

EGR EGR
6e3 cucremu EGR — O, ., N, o, Ta 3 cucremoro ERG — O3 g0, N5 ¢

o= 1 (0] = l
- Oz’GaS ' EGR — OEGRas )
1-3,76 0= 1-3,76 2
2,Gas 2,Gas

ExcriepuMeHTH BUKOHYBAINCH Il HACTYITHUX IIBHIKICHUX PEKUMIB poOOTH au3ens: 55, 65, 75 Ta
80 00/xB, 110 BiAnoBinanao 3HadeHHsIM BifHOCHOI MOTY>KHOCTI AU3EN: 0,33 Newow, 0,55Nenom; 0,77Nerom T
0,95Ncron. Sk Newow TpumitManacst HOMiIHaANBHA TOTYXHICTh, IIO BIATOBIZa€ CBOEMY 3HAYCHHIO
KoedilieHTa HaJTUIIKY TTOBITPS CL.

Jlns BHU3HAYECHHS TOTY)KHOCTI JuW3eNs 3IMCHIOBAIOCS MOro I1HIWIMIOBAaHHS 3a JOHOMOTOIO
cyaHOBOI cuctemu aiarHoctuku Doctor [37, 38]. KpiM Toro, misi KOKHOro pexxuMy poOOTH AM3ENs 3a
JIOIIOMOT'OK0 CY/IHOBHUX BUMIPIOBAILHKX 3ac00IB BU3HAYAIACS TOMMHHA BUTpaTa nanusa [39-41].

Pesynbrary, 1mo BijoOpaxaroTh 3MiHYy MHTOMOI €(EKTHBHOI BUTpaTH TajiuBa De, KOHICHTpaIil

. . . . NeEGR
okcuiiB a30Ty NOx y BHITYCKHUX ra3ax Ta BIJIHOCHOTO 3HMXKEHHS e(heKTuBHOI moTyx)HocTi —— -100,
e

cynuoBoro nusenss 6UEC68-Tierll pipmu Mitsubishi B 3a7eXHOCTI BiJf 9aCTOTH 00CpPTaHHS KOJIHIACTOTO
Basly N, Ta CTyHeHs peuupKyJsanii BunyckHux ra3is EGR nokasani Ha puc.2-4.

b,
r ey
kBT -Toz 4
190 - 3
2
185
180 \
175
55 60 65 70 75 80 n, 00/xB

Pucynok 2 — 3miHa muToMoi epeKTHBHOI BUTpaTH nanusa De, /(kBT-rox) cyaunoBoro ausens 7UEC60LS
¢bipmu Mitsubishi 3anexH0 BiJl 4acTOTH 00epTaHHs #, 00/XB JUIA PI3HOTO CTYIEHs PELUPKYJIALIi ra3is

EGR, %:
0 — po6ota 6e3 perupkyii, EGR=0 %; 1 — EGR=5 %; 2 - EGR=10 %; 3 — EGR=15 %j;
4 —EGR=20 %
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NO,.

kBT o1
12+

55 60 65 70 75 80 n, 00/xB

Pucynok 3 — 3wmina koHieHTpaiii okcuaiB a30ty NOx, 1/(kBT-T0/1) y BUITyCKHUX ra3ax CyJHOBOTO JH3EIIS
TUEC60LS ¢ipmu Mitsubishi 3anexHo B 4acToTH 00epTaHHs #, 00/XB AJIsl PI3HOTO CTYMEHS
peumpkyisnii razis EGR, %:

0 — pobota 6e3 penupkyssnii, EGR=0 %; 1 - EGR=5 %; 2 - EGR=10 %; 3 - EGR=15 %j;

4 — EGR=20 %
Nc - NeEGR -100,
€ % A—
3 -
4
L3 -
1r 3 ]
0
55 60 65 70 75 80  n,00/xB
. . . Ne - NeEGR
PucyHok 4 — BinnocHe 3umkenns edexkruHoi notyxuocti —————--100, %,

e
cynuoBoro auzens 7UECO60LS dipmu Mitsubishi 3anexHo Big yactotu o06epTaHHs 7, 00/XB IS pi3HOTO
crynens penupkyisiii razis EGR, %:
0 — po6ota 6e3 penupkyii, EGR=0 %; 1 - EGR=5 %; 2 - EGR=10 %; 3 - EGR=15 %j;
4 —EGR=20 %

BucHoBku. HeoOXxiqHicTh 3a0e3MeUYeHHs EKOJIOTIYHUX MNapaMeTpiB poOOTH CYAHOBUX JM3EIIB
(3oxpema emicii NOx 3 BHUIYCKHMMH Tra3aMHu) 3MYIIy€ BUKOPHUCTOBYBATH JOJIATKOBI TEXHOJOTIYHI
pimenHs. OHUM 13 TaKUX BapiaHTIB € KOMIUIEKTalis cylHOBHX au3eniB cucreMamu EGR Bucokoro
THCKY, 110 3a0€3MevyroTh MPUMYCOBY T0JIady B LIJIIHJP YAaCTHHU BUITYCKHHX Ta3iB 13 Ta30BUITYCKHOI
cucremu. Cucrema EGR 3HMXKye KIIBKICTh TMOBITPs, NPU3HAYEHOTO JJS 3TOPSIHHSA MaluBa, TOMY
KUIBKICTh BHUIYCKHUX Ta3iB, IO MOBEPTAIOTHCS B UWJIIHAP AW3ENSA, Mae MIATPUMYBATH HaJilHe
camo3aiiMaHHs Ta MOJAJIbIIe 3rOPSIHHS MajJuBa. BUKOPUCTaHHS CUCTEMM PELUPKYIISALIi BUMYCKHUX Ta3iB
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BUCOKOT'O THUCKY MOKpAIIy€ €KOJIOTIYHI mapaMeTpu poOOTH CYJHOBOTO JH3EIsl, 30KpeMa, 3HUKYE PIBEHb
emicii NOx.

ExcniepuMeHTanbHO BCTAHOBIICHO, IO 3MiHA CTYIEHS PEIMPKYJIALIi BUIYCKHUX Ta3iB y Jiama3oHi
5...20 % 3abe3nedye 3HMKEHHS KOHIEHTpaIlii okcuaiB a30oTy NOx y BHITYCKHMX Ta3ax BIiANOBIIHO Ha
6,8...27,3 % 3anexHO BiJ 4YacTOTH OOEPTaHHA Ta HABAHTAXKEHHS MAM3ENs, SKi B EKCIIEPUMEHTAX
sMiHtoBaiucs B iHtepBaimi N=(0,65...0,95)Nun Ta Nc=(0,33...0,95)Ncwon. IIpuuomMy BenuKi 3HAYEHHS
3HIKEHHS KOHIEHTpalii okcuaiB a30Ty NOx y BUIIYCKHUX ra3ax BiAIOBiIal0Th iHTEpPBAJy HaBaHTAKEHb
(0,77...0.95)Newon, TOOTO. HAUTTOMIMPEHIIIUM 3 €KCILUTyaTAIHHUX PEKUMIB POOOTH JU3ETIS.

BuxopucTaHHs cUCTEMHU PEUPKYIISLIi BUITYCKHUX ra3iB BUCOKOTO TUCKY MPU3BOIUTH 10 3HUKCHHS
S€HEPreTUYHUX Ta CKOHOMIYHHX TTOKa3HUKIB POOOTH CYJHOBHUX JM3EIiB. EKClIepuMeHTaIbHO BCTAHOBJICHO
TaKe:

nuToMa e(eKTHBHA BUTpaTa MaJMBa, IO XapaKTEPU3yE EKOHOMIYHICTh POOOTH U3,
HiBHUIY€ETHCS TPOMOPLIAHO 3pOCTAaHHIO CTYINEHS PEUUPKYISii BHUIIyCKHUX Tra3iB 1 Ui PI3HUX
MIBUIKICHUX PEXUMIB pOOOTH JU3ENs y BIICOTKOBOMY CITiBBigHOIICHHI cTaHoBUTH 0,85...2,01 % — s
BUNAJIKy KOJM CTYIMiHb PEHMPKYJALii BUITYCKHHMX Ta3iB cTaHoBUTh EGR=5 % ta 2,16...4,34 % xonu
CTYMIHBb PEIUPKYJIAILII BUITYCKHUX Ta3iB nopiBHI0OE EGR=20 %;

e(eKTUBHA MOTYXKHICTh TU3ENs, IO XapaKTepH3y€e MOTO €HEPreTHYHi MOKAa3HUKH, 3HIKYETHCS 3
HiJIBUIICHHSIM CTYIEHS PEIHMPKYIANil BUIYCKHMX Ta3iB. Ha pexumax, OMU3bKHUX J0 HOMIHAJIBHOTO
HaBaHTaXeHHsA (Hampuiian mig 9ac N=0,95Nom, 32 yMOBOIO Ne=0,95Nenon, 3HMKEHHS 3HAYEHHS
e(eKTUBHOI MOTY>KHOCTI CTaHOBUTH 1,2 %, Ha pexumax N=0,65Nyoy, ¥ BUMAIKY Ne=0,95Ncuom 3HMKEHHS
3Ha4YeHHs €(PEKTUBHOI OTYXHOCTI ocsrae 3,43 %.

Hes3Bakatoun Ha MOTIpIICHHS €KOHOMIYHMX Ta €HEPreTUYHUX MOKA3HHKIB JM3EJIsl, 3aCTOCYBaHHSI
cnoco0y EGR BHCOKOro THCKy Ha CyAHaX MOPCBKOTO Ta BHYTPIIIHBOTO BOJHOTO TPAHCIOPTY Mae
HIMPOKI TIEPCIIEKTHBH, TOMY 10 MOTO BUKOPUCTAHHs 3a0e3revuye BUKOHAHHS MDKHAPOIHUX BHMOT II[OJIO
3aXHMCTy HABKOJIMIIHBOTO MOBITPSHOTO CEPEOBHUIIA Bifl 3a0pyAHEHHS Ta CHPUSE MiATPUMIN €KOJIOTIHHOT
0E3IeKH CyJIeH Ta X EHEPreTUYHUX YCTaHOBOK.
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Kuropyatnyk O.A.
ENSURING THE ENVIRONMENTAL PERFORMANCE OF MARINE DIESEL ENGINES
THROUGH THE USE OF HIGH-PRESSURE EXHAUST GAS RECIRCULATION SYSTEMS

The issue of ensuring the environmental performance of marine diesel engines by using high-
pressure exhaust gas recirculation systems is considered. The mechanism of formation of nitrogen oxides
during combustion of petroleum fuels in marine diesel engines is analyzed. A brief analysis of the main
methods that contribute to reducing the emission of nitrogen oxides with exhaust gases of marine diesel
engines is performed. The features of high-pressure exhaust gas recirculation systems installed on high-
power marine low-speed diesel engines are highlighted. The results of research carried out on a
6UEC68-Tierll low-speed marine diesel engine from Mitsubishi, equipped with a high-pressure exhaust
gas recirculation system, are presented. The task of the study was to determine the impact of the high-
pressure exhaust gas recirculation system on the environmental, energy and economic performance of the
marine low-speed diesel engine. It has been experimentally established that changing the degree of
exhaust gas recirculation in the range of 5-20 % provides a decrease in the concentration of nitrogen
oxides in exhaust gases by 6.8-27.3 %, respectively, depending on the speed and load of the diesel
engine. It has also been found that the use of a high-pressure exhaust gas recirculation system leads to a
decrease in the energy and economic performance of marine diesel engines. It has been experimentally
established that the specific effective fuel consumption, which characterizes the efficiency of the diesel
engine, increases in proportion to the increase in the degree of exhaust gas recirculation and for different
speed modes of diesel engine operation in percentage terms is 0.85-4.34 %. The effective power of the
diesel engine, which characterizes its energy performance, decreases by 1.2-3.43 % with an increase in
the degree of exhaust gas recirculation. Despite the deterioration of the economic and energy
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performance of diesel engines, the use of the high-pressure exhaust gas recirculation method on ships of
maritime and inland waterway transport has broad prospects, since its use ensures the fulfillment of
international requirements for the protection of the ambient air from pollution and contributes to the
maintenance of the environmental safety of ships and their power plants.

Keywords: diesel engine efficiency, diesel engine power, environmental friendliness of diesel
engines, environmental safety, exhaust gas recirculation, marine diesel, maritime transport, nitrogen oxide
emissions, specific fuel consumption.
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