MiHicTepCTBO OCBITH | HAyKM YKpaiHun
OpecbKuit HaUiOHAIbHUM TEXHOJIOMYHUMA YHiBepcuTeT
HaBuyanbHO-HayKOBUM iIHCTUTYT XOJ1I0]Y, KPiOTEXHOJIOT W
Ta ekoeHepreTukm iM. B.C. MapTuHoBcbkoro OHTY

BCEYKPAIHCHKA HAYKOBO-TEXHITYHA KOH@®EPEHIIIS
MOJIOJAUX BUEHUX TA 3JOBYBAUIB BUIIIOI OCBITH

«CTAH, IOCATHEHHA I IEPCITEKTUBHU XOJIOINJBHOI
TEXHIKU KTEXHOJIOIT»

Ilpucesauena 100-pivuro incmumymy X0100y, KPiomexHo102iil
ma exoenepzemuku im. B.C..Mapmunoecbkozo

19-20 keimus 2022 poky

30ipHuK me3 oonoeioeii

Opeca — 2022 p



YIIK 621.565; 621.

30ipHuK Te3 a0MOBiAeld MiAroToBJEHHUIl i pegaKiliero
JOKTOpPa TeXHIYHUX HAYK, npodecopa XmeabHwoka M.I'
HaykoBuii cekperap - k.1.H.g011. ZKuxapesa H.B.

3a oocmogipnicmy ingopmauii eionogioae aemop nyonikauii

30ipauk Te3 jgomoBimeit 3a Marepianamu BceeykpaiHCBKOT HAayKOBO-TE€XHIYHOI OHJIalH-
KOH(epeHIIii MOJIOUX BUEHUX Ta 3/100yBauiB BUIIOL OCRITH «CTaH, T0CATHEHHS i MepCNeKTHBH
X0JIOINJILHOT TEXHIKH i TexHoJorii», Oxeca , 2022 p.(19-20 keitHs) — 113 c.

Jlo 30ipHUKa BKITIOYEHI MaTepiaid CydacCHUX HAYKOBHX JOCTIKEHB 3100yBaviB BUIIO1
OCBITH Ta MOJIOJIUX BUCHUX VHIBEPCHTETIB i akajieMiil YKpaiHu.

Po3rnsHyTo HACTYIHI HANPSIMKH IOCTiKCHB: XOJOIMIBHI YCTAHOBKW; KOHIWIIIFOBAHHS
MOBITPS, XONOAWILHI MAallMHM, TelmooOMIHHI amapaTd 1 MPOLECH TEIIo MacooOMiHy; poOoui
PEUOBHHH XOJOAMIBHAX MAIWH, KOMIPECOPH Ta ITHEBMOArperaTw; €HEpreTHYHI Ta eKOJIOTidHi
npoOJeMu XOJOAUNEHOI TEXHIKH; XOJOIMIBHA TEXHOJOrl, KpioreHHa TexXHika; iHdopmamiitHi
TEXHOJIOTI] B XOJIOAMIIBHIN TEXHUII.

Martepiany mofjano YKpaiHCHKOIO Ta aHTJIIHCHKOIO MOBAMH.

©OHTY, 2022 p



Mamepianu naykoeo-mexniunoi Kongepenuii Mo100ux euenux ma 3000yeauie ¢umioi oceimu
«Cman, 0ocaznenna i nepcnekmueu Xoa100UbHoi mexuiku i mexnonozin, 19 - 20 keimusa 2022 p.
HAYKOBUU KOMITET

T'osioBa - €ropos B.B. - pextop Onecbkoi HaLliOHATBHOT akaieMil XapuOBUX TEXHOJOTIH, 3acmyKeHUH iy
HaykH i TexHiku Ykpainu, Jlaypeat JlepxaBHoi npemii YkpaiHU B raqy3i HAyKH i TEXHIKH, I-p TEXH. HayK,
npocecop

3acTynHHKH roJIOBH:

Iosapoa H.M. — K.T.H., IOLUEHT, MPOPEKTOp 3 HayKoBOi poOoTh Onecbkoi HaLiOHANBHOI akaaemil

Xap4YOBUX TEXHOJIOTIH;
Kocoii B.B. — 1.1T.H., npodecop, TMPEeKTOp HABYALHO-HAYKOBOTO [HCTUTYTY XO0JIOMY, KpIOTEXHOJOTIH Ta
ekoeHepreTrky OechbKoi HalliOHAJIBLHOT akafeMil XapuOBUX TEXHOJIOTIH;

YeHn HAYKOBOI'O KOMITeTy:

XmeabHIOK ML.I. - 3aB. kadeaporo XOJOAWILHUX YCTAHOBOK 1 koHauuitoBanHs moBiTpd OHAXT, n.t.h.,
nipocecop;

MisioBanoB B.I. - 3aciy>xeHuit Ais4 HayKH i TeXHIKM Y KpaiHu, A.T.H., Ipodecop;

Konoganos JI.T. - 3aBinyBau kadenpu Tenmorexniku ¢inii HYK im. ‘aam.Maxkaposa,XepcoHebka ¢inis,
II.T.H., ipodecop;

Titos O.C.- 3aBinmyBau kadenpu HadTOrazoBUX TEXHOJIOTIH, imkeHepii Ta Termoenepretnkn OHAXT,
II.T.H., ipodecop

Mopostok JLI. - 0.17.H., npodecop kadenpu kpiorenHoi Texikum OHAXT ;

IMoranoe B. O. - XapkiBcbkuii Aep>KaBHAN YHIBEPCUTET Xap9ayBaHHS | TOPTiBMi, A.T.H., podecop;
Paguenxo M.IL - 3aB. kadenporo koHauIiroBaHHS i pedprokepanil HYK, akagemix MixkHapogHOT akanemii
XoJoJy, 1.T.H., mpocecop;

Cumonenko FO.M. - 3aB. kadenporo kpiorennoi texuikn OHAXT, n.1.H, npodecop;

Kuxapesa H.B.- K.T.H., JOUEHT KadeIpu XOMOAWILHUX YCTAHOBOK i KoHAWLitoBaHHs NoBiTps OHAXT.

OpranizaniifHu# KoMiTeT:

I'osioBa — A.T.H., npod. XmenbHrok M.I.;
HaykoBuii cekperap - K.T.H. fou. Xnxapesa H.B.

Ynenn oprromitery - K.T.H. gou. 3imMiH O.B., k.1.1., nou. Koryr B.O., k.1.H. nou. Axosaesa O.10., k.T.H.,
nou. Tpanpadinoe B.B., k.1.H. I'pyaka B.I'., crax-sukia. bacoe A.M., acn. Casancbkuii A.P., acm.
Kpymensanuekuii 1.0.



Mamepianu naykoeo-mexniunoi Kongepenuii Mo100ux euenux ma 3000yeauie ¢umioi oceimu
«Cman, 0ocaznenna i nepcnekmueu Xoa100UbHoi mexuiku i mexnonozin, 19 - 20 keimusa 2022 p.

DEVELOPMENT OF THE MARINE ENGINE CONTACT COOLING
SYSTEM BY USING A THERMOPRESSOR

Dmytro Sydorenko, Student, Illia Nadtochii, Student
Halina Kobalava, Associate Professor of the Thermal Engineering Department, Admiral Makarov
National University of Shipbuilding, Kherson Educational-Scientific Institute, Ukraine

There are many areas f or further improvement of internal combustion engines in order to
increase their efficiency, despite the high economic parameters, which are the result of a fairly high
organization of the working processes of modern engines [1]. In this case, a rational teserve for
increasing efficiency is to improve systems serving the internal combustion@ngine, fot example, the
charge air cooling system improving. Today, there are several approaches to charge air cooling, on
the one hand it is the use of surface air coolers. The heat exchangesurface of such air coolérs is a
tubular-lamellar or tubular-finned structure. On the other hand, it'can be applying of the contact
cooling method: the forced air enters the humidification tower, i which water 18 injected by several
nozzles to lower the air temperature and humidify it [2].

The authors propose to use thermopressor systems for eharge air cooling. The effect of
thermo-gas-dynamic compression occurs when the air 1§ eooled in the thermopressor [3, 4]. This
effect consists in increasing the gas pressure in.the,process of instantaneous evaporation of water
injected into the air flow, which is accelerated to a spced elose to sonic. At the same time, heat from
the charge air is removed for water evaporation, as a result of which the air temperature decreases
[5]. The thermopressor is a compact jet device, which in terms of dimensions significantly
outperforms other surface and contact type coolers, in addition, provides a certain pressure increase
[4].

For modern marine medium-speed engines, as a rule, a three-circuit cooling system is used.
A diagram using a thermopressor as.acharge air cooler for the main turbocharger is illustrated in
Fig. 1.
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"""" 41" Condensate
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Fig. 1. Cooling system of a medium-speed main marine engine using a thermopressor
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Air is sucked in by a single-stage turbocharger and compressed to a pressure less than the
pressure at the inlet to the internal combustion engine cylinders. After that, the air with high
temperature and pressure enters for evaporative cooling in the thermopressor. At the same time, due
to the effect of thermo-gas-dynamic compression, the air temperature is significantly reduced, and
the pressure rises to the required value corresponding to the engine inlet. The final temperature
reduction is carried out in the charge air cooler.

The calculation of the thermopressor system was made for the main ship's marine engine of

Wartsila (Finland) brand 61.20 (Ne = 1200 kW, n = 1000 min-1).
An analysis of the study results of the use of a thermopressor in charge air cooling systems (Fig. 2,
3) shows that the total air pressure at the "real" thermopressor outlet is Ptp = 2.2...4.4-105 Pa, and
the total air pressure without friction losses is P'tp = 2.3...4.6-105 Pa at a water temperature for
injection at the inlet of the thermopressor twl = 25 °C, at the air velocity at the inlet to the
evaporation chamber M = 0.85. The air temperature at the thermopressor inlet is tairl = 106...196
°C, the air temperature at the thermopressor outlet is tair2 = 50...65 °C.
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Fig. 2. Dependences of the total air pressure at the thermopressor outlet without friction losses P'tp, the total

air pressure at the "real” thermopressor outlet Ptp, air temperature tair on the pressure ratio in the
turbocharger nc
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Fig. 3. Dependences of the air pressure increase at the thermopressor outlet without friction losses AP'tp,
the air pressure increase at the "real" thermopressor outlet APtp, injected water consumption Gw on the
pressure ratio in the turbocharger rc
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Cooling of the charge air with a thermopressor reduces the power consumed by the
supercharged compressor and, accordingly, the power of the internal combustion engine increases.
Thus, the engine power increased by ANe = 38...109 kW (0.4...1.0%) for the air velocity at the
inlet to the evaporation chamber M = 0.85 (Fig. 4).
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Fig. 4. Dependence of the engine power increase ANe, AN'e at the injected water temperature twl = 25 °C
on the pressure ratio in the turbocharger mc

Thus, the use of a thermopressor in charge air cooling systems makes it possible to reduce
the power consumed by compressors by 1-17%, thereby increasing the power of the internal
combustion engine up to 1%.

Conclusion.

The principle of cooling the charge air of the internal combustion engine with a
simultaneous increase in pressure is proposed, which makes it possible to reduce the power
consumption of the standard turbocharger while maintaining the total compression ratio.

For the purpose of contact cooling of the charge air as well as environmental humidification
of the charge air at the inlet to the ICE eylinders (in order to reduce the emission of nitrogen oxides
NOx), a method of fine water spraying in the charge air by a thermopressor is proposed. This
technology makes it possible to eliminate the need for complex water spray systems with nozzles
located throughout the entire flow section.

The use of a thermopressor in charge air cooling systems makes it possible to reduce the
power consumed by compressors by 1-17%, thereby increasing the power of the internal
combustion engine up to 1%.
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KOMIIVIEKCHA CUCTEMA OYHUIIIEHHSA BIANPAIIBOBAHUX I'A3IB
ABUI'YHIB BHYTPIINHBOI'O 3I'OPSIHHA

Kopnicnuxo B.C., ooyenm xaghedpu meniomexuixy,
Xepconcwvka ¢hinis Hayionanvrno2o ynigepcumemy xopabaeOyoysanus imeni aomipana Maxaposa, Xepcow,
kornienkovikal 987 @ gmail.com

HeoOxigHicTh BUKOHAHHS YCiX BHMOT MDKHApOAHWMX OpraHizaiiii B 00JIacTi OXOpOHU
HABKOJIMIIIHBOTO CEPEeIOBUINA, HEeOOXiTHICTh 3MEHIIEHHS TeIJIOBUX BTpaT MpH CHATIOBaHHI
OpraHiYHUX MaJUB, BApTICTh SKHUX 3POCTAE, MIIBUIIEHHS €KOHOMIYHOCTI 1 HaIifHOCTI poOOTH ycix
€JIeMEHTIB CyJHOBOI €HEepreTUYHOI YCTAHOBKH 3YMOBMIOIOTH HEOOXIJHICTh PO3MIISIY BCIX
MOXKJIMBOCTe BHKOHAHHSl BKa3aHMX 337ad Yy 3alpolOHOBaHIM KOMIUIEKCHIM TexHosoril. Llga
TEXHOJIOTIS BKIIOYAE €eTald: IMIAFOTOBKA MajhBa J0 CHATIOBAHHS, MpOIEC TOPiHHS, MPOIecH
TEIJIOMacOOOMIHY, 3HHKeHHs WIBUIKOCTI HU3BKOTEMIIEpaTypHOI cipuaHokuciaoTHOI kopo3ii (HTK),
OUMIIICHHS Ta3iB BiJ TOKCHUYHHUX iHrpenieHTIB. lle Bumarae BianmoBimHOI oprasizaiii ¢i3uko-
XIMIYHHX TIPOIECIB, SIKi 3a0e3euaTh MOKIIMBICTh BHKOHAHHS ITUX 3a/1a4.

Bijiomi criocoOW oumineHHS BIAXITHUX Ta3iB BiJ TOKCUYHHX cipumcTtux croiyk [1]. Ha
nymky creniarmictiB ¢ipMa MAN [2] Bumorun IMO (III piBens 3 emicii SOy, NOy) MOXKIHBO
BUKOHATH 3a JIonoMororo texuooriii: Water in Fuel emulsion, Scavenge Air Monistening, Exhaust
Gas Recirculation, Selective Catalytic Reduction. B ribpuaniit cucremi ounmennst Alfa Laval i
Aalborg Industries [3] mepmioo cramiero ouMileHHS BBakaeThes yrwiizamiamii xoten (YK), B
SIKOMY BHXJIONHI rasu oxonomkyrotbes Bif 350 °C go 160...180 °C i mae micue 3a0pyaHEeHHS
noBepxoHb YK, 10 MOXe po3ryisiiaTucs sIK eTan OYMIIeHHs BiJl TBepAuX yacTok. Ha apyriit cramii
OUHIIEHHS 334 PaXyHOK BUKOPUCTAHHS CKpyOepa BeHTypi nmpyu BIOpCKYBaHHI BOJH TPOJIOBKYETHCS
3HIDKCHHSI TeMIIepaTypd BHUXJIONMHUX Ta3iB 1 OYMINEHHS BiJl TBEPAMX YaCTOK 3a pPaxyHOK IX
3BOJIOKEHHS. B cucTeMi oumIneHHs celleKTHBHOTO KartamiTuaaoro BigHosieHHS (CKB abo SCR) [4]
3MIWCHIOETHCS TIMbKHA oudimeHHs Bii NOy 3a JOIOMOTOIO0 JIOPOTHX KaTajai3aTropiB i BBEJCHHS B
SIKOCT1 BiJJHOBJIOBaua po3uMHy ceuoBHHHM 1 amiaky. Cucremy SCR (mormmuanHst Tinbku NOy 3
BIJIXIJIHUX Ta3iB) 00OB’SI3KOBO TpeOa CyHmpOBOKYBATH CKPYOEpHOIO TEXHOJIOTIE€I0 OUHUIICHHS Bif
SOx.
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