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сколькими новыми видами специалистов. К сожа
лению, вокруг мало информации о внедрении H2 
во флот, однако, большая часть компаний распо
ложения именно на территории Норвегии[8]. Без
условно, водородное топливо является очень до
рогой и опасной технологией. К тому же, судо
ходным и судостроительным компаниям прило
жить немало сил, чтобы слезть с убивающей нашу 
планету нефтяной иглы. На данный момент водо
род является самым экологичным видом топлива, 
который способен продлить наше время на день 
другой.
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CLOSED-LOOP MARINE ENGINE OPERATION WITH ZERO EMISSIONS 
OF HARMFUL COMBUSTION PRODUCTS
M ihail-Vlad 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

РАБОТА СУДОВОГО ДВИГАТЕЛЯ ПО ЗАМКНУТОМУ ЦИКЛУ 
С НУЛЕВЫМ ВЫБРОСОМ ВРЕДНЫХ ПРОДУКТОВ СГОРАНИЯ

M ihail-Vlad VASILESCU, (Romania)
Octavian Narcis VOLINTIRU (Romania)
А.И., Епихин, кандщидат технических наук, доцент 
Т.Г. Тория, преподаватель

В современном мире все больше обостряется проблема загрязнения окружающей среды различными 
токсичными выбросами. Выхлопные газы двигателей внутреннего сгорания являются одним из таких 
техногенных факторов. Все страны вводят ограничения по концентрации вредных веществ, например: 
Euro — для легковых автомобилей, Tier и Stage — для тяжелой техники и MARPOL-73/78, регулирую
щий выбросы от морского транспорта. Для морских судов ситуация крайне острая, так как двигатели 
внушительной мощности, работающие длительный период, сложно адаптировать к жестким экологи
ческим требованиям. Цель статьи на основе открытых источников оценить перспективы развития дви
гателей внутреннего сгорания с системой рециркуляции отработавших газов для минимизации количе
ства токсичных выбросов в атмосферу. Перспективна разработка технологий, позволяющих осуществ
лять рециркуляцию выхлопных газов в корабельных условиях. Установка такого оборудования позво
лит значительно сократить выбросы в окружающую среду.
Ключевые слова: окружающая среда, выхлопные газы, токсичные выбросы, двигатели внутреннего 
сгорания.

Method of closed circulation
One 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 composition 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. In practice, a very good result 
is the return of 30-40% of the exhaust gas to the en
gine. This measure alone reduces toxic emissions by 
a third at once, and together with the use of the most 
effective filtration system, the result will be much 
more significant. In addition, the air entering the cyl
inders is diluted with chemically inert gases from the 
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, CO 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 temperature, thereby reducing the 
emission of NOx and aldehydes. The cooling of the 
exhaust gases before mixing also has a positive effect.
Cooling improves filling of cylinders with fresh

charge and further reduces cycle temperatures. How
ever, the exhaust gas has a very low oxygen content, 
which will 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 extremely insufficient. However, such sys
tems with a small recirculation share are widely used 
in modern diesel engines in the automotive industry. 
A diagram of such a design is shown in Fig. 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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Another difficulty is the high corrosive wear 
of engine components, determined by the action of 
condensate and sulfuric acid vapors formed from sul
fur compounds of the exhaust gas. Soot particles in 
the exhaust gas, which reduce the efficiency of the 
engine oil, 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 
them and bring them closer in composition to atmos
pheric air. 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 composition of atmos
pheric air and exhaust gases by main components.

As can be 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 atmospheric air, i.e. it is enough to 
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, has relatively small weight and 
size characteristics, is elementary in manufacture and 
does not need expensive maintenance. In addition, the 
CFU solves the issue of exhaust gas cooling to the 
fresh charge temperature at the engine inlet. The prin
ciple of operation of the CFU is that the exhaust 
gases, leaving the exhaust manifold, enter a special 
"snail" (or otherwise, the annular zone). The gas 
swirls and enters a chamber filled with liquid, and un
der 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 gas. 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 that are highly soluble in a liquid.

Substance Air Exhaust gases
N2 78.1 76-78
O2 20.9 2-8
CO2 0.03 5-10
H2 0.05*10-3 0.05*10-3

Figure 2. Scheme of operation of the 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 o f this type have a number of 
advantages: reliability, simplicity o f 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 o f the mixture components is ab
sorbed, and the rest pass to the outlet o f 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 engine passes through a waste heat boiler, in which

presented scheme (Fig. 3), the exhaust gas from the 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 o f 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 o f 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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