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CKOJIbKMMH HOBBIMH BHJAMH crienuanucToB. K coka-
JICHHUFO, BOKPYT Masio mHpOpMamu o BHEApeHUU Ho
BO (pI0T, OHAKO, OOIBINAS YACTh KOMITAHUH PACIo-
J0’KCHHA IMEHHO Ha Teppuropuu Hopeeruu[8]. bes-
VCIJIOBHO, BOJOPOJHOC TOIUTHBO SBISIETCS OUCHb J0-
poroii u omacHo# TexHojorued. K tomy ke, cymo-
XOJHBIM U CYJAOCTPOUTEIbHBIM KOMIIAHHSM IPHIIO-
SKAUTHh HCMAJIO CHIL, YTOOBI CIIC3Th C YOUBAOIICH HAITY
IaHeTy He(TsiHOM uribl. Ha naHHBI MOMEHT BOJIO-
PO SIBIACTCS CAMBIM 3KOJIOTHUHBIM BHIOM TOILIHBA,
KOTOPBIH CIOCOOCH MPOAINTH HANIe BPEeMs HA JCHb

JPYTOIL.
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CLOSED-LOOP MARINE ENGINE OPERATION WITH ZERO EMISSIONS
OF HARMFUL COMBUSTION PRODUCTS

Mihail-Viad VASILESCU, Octavian Narcis VOLINTIRU, A I Epikhin, T G Toria

In the modern world, the problem of environmental pollution with various toxic emissions is growing more and
more. Exhaust or exhaust gases of internal combustion engines are one of those man-made factors. All countries
impose restrictions on the concentration of hazardous substances, for example: Euro - for cars, Tier and Stage
- for heavy equipment and MARPOL-73/78, which regulates emissions from maritime transport. The situation
is extremely acute for marine vessels, since engines of impressive power that operate for a long period are
difficult to adapt to stringent environmental requirements. The purpose of the article, based on open sources, is
to evaluate the prospects for the development of internal combustion engines with an exhaust gas recirculation
system to minimize the amount of toxic emissions into the atmosphere. The development of technologies that
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allow for the recirculation of exhaust gases in ship conditions is quite promising. The installation of such equip-
ment will significantly reduce emissions into the environment.
Keywords: environment, exhaust gases, toxic emissions, internal combustion engines

PABOTA CYOBOIo ABUTATENA MO SAMKHYTOMY UUMKNY

C HYJ1IEBbIM BbIEPOCOM BPEAHbLIX NMPOAYKTOB CIrOPAHUA

Mihail-Vlad VASILESCU, (Romania)

Octavian Narcis VOLINTIRU (Romania)

AN., ENUXWH, KaHAWNAAT TEeXHUYECKUX HayK, AOLEeHT
T.I'. Topua, npenogasaTesb

B coBpemeHHOM Mupe Bce 60/blie 060CTpseTcA Npobnema 3arpsa3HeHUs OKPYXXatoLLeli Cpedbl PasMyHbIMM
TOKCMYHbIMU BbIGpOCaMM. BbIxonHbIe rasbl ABuraTeneli BHyTPEHHErO CropaHvs ABASKOTCA OAHUM U3 TakuX
TEXHOreHHbIX (hakTopoB. Bce CTpaHbl BBOAAT OrpaHUYeHuns Nno KOHLEHTPaLMK BPeAHbIX BELLECTB, Hanpuvep:
Euro — ans nerkosbix aBTOMOGMNEN, Tier n Stage — ans Tshkenoid TexHukn 1 MARPOL-73/78, perynvpyto-
LM BbIBPOCKI OT MOPCKOrO TpaHcropTa. [ MOPCKUX Cy[0B CUTyaums KpaliHe OCTpas, Tak Kak ABuratenu
BHYLLUWTENbHOW MOLLHOCTMW, paboTatolume AAUTeNbHbIA Neprog, CMOXHO afanTnpoBaTb K XECTKMM 3KO/0rn-
YecknMM TpeboBaHWAM. Llenib cTaTbn Ha OCHOBE OTKPbITLIX UCTOYHWKOB OLEHWUTBL MEepPCreKTUBbI Pa3BuTuA Bu-
rateseli BHyTPEHHero CropaHus ¢ CUCTEMOW PeLMPKY ALY 0TPaboTaBLUMX Fa30B AN MAHUMU3ALIMW KONnYe-
CTBa TOKCUYHBIX BbIGPOCOB B aTMoCdepy. MepcnekTuBHa paspaboTka TEXHONOMMA, MO3BONAIOLLMX OCYLLECTB-
NATb PELIMPKYNALMIO BbIX/IOMHBIX ra30B B KOPabesbHbIX YCI0BUAX. Y CTaHOBKA Takoro 060py/0BaHms No3so-
NINT 3HAYNTESNIBHO COKPATUTBL BbIGPOCHI B OKPYXKAIOLLLYHO Cpefy.

KntoueBble cnoBa: OKpyxKatolasa cpefa, BbIX/I0MHbIE rasbl, TOKCUYHbIE BbIOPOCHI, ABUraTenn BHYTPEHHEro

CropaHus.

Method of closed circulation

Ore of the most successful technologies for in-
creasing the environmental friendliness of diesel en-
gines is the reduction of gas exchange between the
engine and the environment, since an engine running
on the same working fluid does not pollute the air at
all. Modern diesel submarines are equipped with air-
independent diesel engines. In such engines, the ex-
haust gases (EG), after sufficient processing, are fed
back into the cylinders. Although it is very difficult to
implement such a process, because The gas at the in-
let to the engine must be close in compasition to at-
mospheric air, which differs significantly from the
composition of the engine exhaust gas. However, on
civilian ships there is no need for complete exhaust
gas recirculation - it is only necessary to make part of
the air charge artificial. Inpractice, avery good result
is the retum of 30-40% of the exhaust gas to the en-
gine. This measure alone reduces toxic emissions by
athird at once, and together with the use of the most
effective filtration system, the result will be much
nore significant. In addition, the air entering the cyl-
inders is diluted with chemically inert gases fromthe
composition of the exhaust gas. The maximum result
during recirculation is brought by gases with an in-
creased specific heat capacity, which include, for ex-
ample, GO 2, which is one of the main parts of the
exhaust gas. Thus, the exhaust gas recirculation en-
sures that the air charge is diluted with carbon diox-
ide, which retards the combustion process and lowers
the combustion termperature, thereby reducing the
emission of NOx and aldehydes. The cooling of the
exhaust gases before mixing also has apositive effect.
Cooling improves filling of cylinders with fresh
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charge and further reduces cycle tenperatures. How-
ever, the exhaust gas has avery low oxygen content,
whichwill lead to only partial combustion of the fuel
if the recirculation rate is high. Without additional en-
richment of the bypassed exhaust gas with oxygen,
recirculation values of only 3-5% can be achieved,
which is extrerrely insufficient. However, such sys-
terrs with a small recirculation share are widely used
in modermn diesel engines in the autonotive industry.
A diagramof such adesign is showninHg. 1

Figure 1 Scheme of the operation of the diesel en-
gine recirculation system
1- intercooler; 2 - intake manifold; 3 - exhaust manifold;
4 - engine; 5- gas turbine; 6 - air compressor;
7 - recirculation valve; 8 - CFU; 9 - exhaust gas boiler
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Ancther difficulty is the high corrosive wear
of engine components, determined by the action of
condensate and sulfuric acid vapors formed fromsul-
fur compounds of the exhaust gas. Soot particles in
the exhaust gas, which reduce the efficiency of the
engine ail, also contribute to an increase in the wear
of the elements.

Problems in the design of installations

The recirculation method is quite effective,
although for its implementation it is necessary to
clean them from soot and sulfur compounds before
supplying the exhaust gas to the engine inlet, cool
themand bring them closer in composition to atmos-
pheric ar. In table. 1 shows the differences in the
composition of air from the atmosphere and engine
exhaust gas by key components.

Table 1 - Comparison of the compasition of atmos-
pheric air and exhaust gases by main components.

Substance Air Exhaust gases
N2 78.1 76-78
02 20.9 2-8
C0o2 0.03 5-10
H2 0.05*103 0.05*10-3

As canbe seen from Table. 1, in order to sup-
ply part of the exhaust gas back to the cylinder, it is

necessary in every possible way to bring their com-
position closer to atrmospheric air, i.e. it is enoughto
get rid of harmful components, cool and enrich with
oxygen to a content of approximately 21% Thus, an
artificial air charge, consisting of air and prepared ex-
haust gases, will enter the engine inlet. For cleaning
from mechanical impurities, it is appropriate to use a
cyclone-foam unit (CFU), this type of units allows
you to remove soot efficiently, regardless of the en-
gine operating modes, hes relatively small weight and
size characteristics, is elerrentary in menufacture and
does not need expensive maintenance. Inaddition, the
CRU solves the issue of exhaust gas cooling to the
fresh charge tenyerature at the engine inlet. The prin-
ciple of operation of the CFU is that the exhaust
gases, leaving the exhaust manifold, enter a special
"srail”” (or otherwise, the annular zore). The gas
swirls and enters a chamber filled with liquid, andun-
Cer the action of a tangential force consisting of cen-
trifugal force and inertial forces (during gas-liquid
friction), a dynamic foam is formed that traps parti-
cles and cools the passing ges. Due to its advantages
(reliability, simplicity and compactness), the CFU is
advisable to be used for cooling gases, dust collec-
tion, as well as for the absorption and desorption of
only gases thet are highly soluble ina liquid

Figure 2. Scheme of operation ofthe Cyclone-foam unit
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After cleaning the exhaust gas, it is necessary
to increase the concentration of oxygen in their com-
position. To do this, they are mixed with oxygen or
air with a high oxygen content (up to 70-80%).

To increase the oxygen content, it is necessary
to use an oxygen generator, which will be used to en-
rich the exhaust gas with oxygen. One of the most
promising options for such a generator is an adsorp-
tion plant for oxygen generation. They use a solid ad-
sorbent. Installations of this type have a number of
advantages: reliability, simplicity of design, high pu-
rity of oxygen. The disadvantages include the gradual
destruction of the adsorbent, but its service life is
quite long, and there are no specific requirements for
storage.

The principle of its operation is that air is
pumped by compressor 1 into the chamber with ad-
sorber 2, where part ofthe mixture components is ab-
sorbed, and the rest pass to the outlet of the installa-
tion and receiver 3. Oxygen in the receiver serves to
regenerate the adsorbent by the return flow, which
creates a vacuum pump 5.

Figure 3. Scheme of a single-adsorber oxygen generation
plant

1- compressor unit; 2 - adsorber; 3 - receiver; 4 - control

valve; 5 - vacuum pump

Scheme of the installation for creating an
artificial charge

Figure 4. Functional diagram of the installation.

When the system is operating according to the
presented scheme (Fig. 3), the exhaust gas from the
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engine passes through a waste heat boiler, in which
heat is removed and, accordingly, it is cooled. Then it
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enters the liquid apparatus, which is a CFU, where fil-
tration and the second stage of cooling take place.
This is followed by a slide valve, which regulates the
amount of exhaust gas taken. Further, the gas is en-
riched with oxygen from the oxygen generator to a
concentration close to atmospheric, mixed with air
from the atmosphere at point 1 and fed back to the
engine. Based on this, an air charge with the amount
of oxygen necessary for high-quality fuel combustion
enters the engine.

Conclusion

According to the data studied, it can be con-
cluded that the development of technologies that al-
low exhaust gas recirculation in ship conditions is
quite promising. The installation of such equipment
will significantly reduce emissions into the environ-
ment. At the moment, there remains a problem with
the creation of a device that will create an artificial air
charge that enriches the exhaust gases with oxygen.
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