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Abstract. One of the methods that allows substantially to reduce exhaust smoke of diesel engines and avoid possible 
damage of the environment by harmful emissions is the usage of multipurpose fuel additives. The efficiency of new 
Estonian made fuel additives S0-2E, that have been introduced recently for the experts attention, was investigated in 
small heating boilers and low-powered ships. The purpose of this research is to determine the influence of fuel additives 
S0-2E on the performance of a high-speed direct injection diesel engine in order to evaluate some of quantitative 
composition changes of the exhaust gases especially environmentally harmful nitrogen oxides, carbon monoxides and 
smoke emissions. 
Bench tests have been performed on the four-stroke, four-cylinder, water-cooled direct injection diesel engine D-243 
with splash volume V1 = 4,75 dm3 and compression ratio f.= 16:1. Test results show that the application of diesel fuel 
additives S0-2E in proportion 1:500 (0,2 % by volume) at engine rated power reduces nitrogen monoxides NO and 
common NOx emission by 11,54 and 9,64 %respectively, however the amount of N02 in totally diminished background 
of nitrogen oxides increases by 7,39 %. On the other hand, when running the engine at moderate (bmpe = 0,35 MPa) 
load, the fuel additives reduce emissions of all nitrogen components- NO by 16,1 %, N02 by 11,8% andNOx by 15,7 %. 
The influence of fuel additives on the amount of carbon monoxides in the exhausts seems to be more complicated. At 
engine rated speed/power fuel additives increase CO emission by 12,5 %, but as soon as engine load increases and 
revolution frequency drops down to the maximal torque area n = 1600-1800 min·1, they reduce the amount of CO in the 
exhaust gases on the average 20-28 %. It is important to notice that the changes in the smoke emission remain in close 
association with CO emissions. At certain revolution frequencies and moderate load the fuel additives S0-2E lead to 
noticeable reduction of the exhaust smoke, however at engine rated power and speed the smoke emission is obtained 
approximately 5 - 10 % higher. In spite of dissimilar influence of the fuel additives S0-2E on the quantities of CO 
produced and exhaust smoke it would be worth to apply them in high-speed DI diesel engines in order to reduce nitrogen 
oxides NOx emission. 
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1. Introduction 

The global atmospheric changes that continue to be 
under investigation of many world researchers are closely 
related to intensive industrial and agricultural activity lead
ing to an unallowable high level of environmental and at
mospheric pollution. Up to 70 % of air pollution falls to 
permanently growing number of automobiles, tractors and 
mobile agricultural technique. Air pollution remains es
pecially a big problem in the most developed countries. 
Polluted air has a negative impact on plants, animals and 
people health, dan1ages historical buildings and statues. 

The main part of air pollution depends on internal 
combustion engines running on petroleum gas. Today, 
however, a big concern arises in relation to growing oil 
product prices and a rapidly increased number of more 

economical diesel engines that may become in the near
est future the main air pollution sources. In relation to a 
permanently growing number of diesel engines in 
Lithuania and neighboring countries and also the appli
cation of more strict emission requirements in EU the air 
pollution problem remains especially important. 

Different from petroleum gas (Otto) engines which 
main pollutants consist of carbon monoxides CO, hydro
carbons HC and aldehydes, diesel engines exhaust basi
cally environmentally harmful nitrogen oxides NOx and 
carbon monoxides CO, particle matters (PM) and soot. 

2. The Analysis of the Emissions and References 

The analysis of a nitrogen oxides formation pro
cess can be made on the basis of the world-known chain 
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reactions mechanism that is developed by Zeldovich [ 1]. 
In combustion reactions the active action is taken by the 
free atoms of nitrogen and oxygen build up at high tem
peratures when a dissociation process of these elements 
is going on: 

0+N2 <=> NO+N, 

N +02 <=> NO+O. 
(1) 

The velocity of chain reactions basically depends 
on the first endothermic reaction that requires a lot of 
energy (316,1 kJ/k-mol). The oxides of nitrogen emerge 
in the engine cylinder due to very fast changes of gas 
pressure and temperature. These factors taken together, 
including the peak temperatures of the gases, make a 
decisive role on the reaction processes. When gas tem
perature exceeds 2500K, the nitrogen oxides relaxation 
time strikes only 1::.:;; 5 .lQ-3 s that is far behind in com
parison with the duration of all the cycle. For this reason 
when oxidation reactions take place the combustion gases 
are in the state of thermodynamic equilibrium. Subse
quently, due to rapid gas temperature drop during the 
extension process, the relaxation period of nitrogen ox
ides becomes longer. When gas temperature falls down 
to <2300 K, relaxation period becomes longer than 
10·' s and noticeably exceeds the common duration of 
the cycle. Due to rapid pressure and temperature reduc
tion thermodynamic equilibrium of the gases during re
actions becomes violated and so-called "hardening" phe
nomenon of the gases occurs. It means, when the tem
perature of the gases goes down to about ~2300 K, the 
concentration of NO remains on the equilibrium mode 
level. Therefore the concentration of nitrogen monox
ides NO depends also on gas cooling rate in the expan
sion process. 

From this point of view John Deere 4276T four
cylinder, four-stroke, turbocharged DI diesel engine test
ing results are interesting [2]. Engine was fuelled with 
two different biodiesel fuels, one of which had been de
liberately oxidized, and with their 20 % blends with die
sel fuel. In case of biodiesel the heating value of the com
bustible mixture and the flame temperatures are slightly 
lower, but the emission of nitrogen oxides is higher. 
Therefore, the authors came to the conclusion that the 
flame temperature changes alone cannot adequately ex
plain the higher levels of NO x observed with biodiesel. 

Higher emission levels of nitrogen oxides may be 
related to more advanced start of combustion before TDC 
due to a higher cetane number ofbiofuel, causing a shorter 
auto-ignition delay and conforming to its earlier actual 
injection timing [2]. The investigation results of four 
cylinder Daimler Chrysler engine OM 904 LA (125 kW) 
on four modes of the 13-mode test ECE R49 [3] also 
indicate a tendency to slightly higher NOx emissions with 
RME versus Swedish low sulphur fossil fuel. Such ap
proach in evaluation of NOx emission causes seems to 

be in good agreement with extended Zeldovich thermal 
nitrogen oxides mechanism [1] because the factors men
tioned above influence the flame temperatures and cool
ing rate of the gases in the expansion stroke. 

The study of ethylene glycol monoacetate ( C4H80 3) 

as oxygenating additive mixed with diesel fuel (ASTM 
.N2 2D) in various proportions was carried out on a four
cylinder arranged in-line, four-stroke, direct-injection, 
naturally air aspirated marine diesel engine UMBDI 
(model from the Isuzu Co. Japan) [4]. Ethylene glycol 
monoacetate is oxygen-rich fuel with considerably lower 
heating value (25,91 MJ/kg) in comparison with diesel 
fuel (42,5 MJ/kg). The addition of these additives (up to 
10 %) in the diesel fuel caused an increase in brake spe
cific fuel consumption (bsfc), lowered exhaust gas tem
peratures and decreased NOx emissions. According to 
the author's opinion [4], it happened because an oxygen
ating additive increased air-fuel equivalence ratio, short
ened the auto-ignition delay and lowered the amount of 
premixed fuel. These factors lowered peak burning tem
peratures and as a result decreased harmful NOx emis
sion. 

In accordance with [5], the nitrogen oxides built up 
under high temperatures (over 2000 K) behind the front 
borders of the flame when free nitrogen atoms in com
plicated chain reactions unite with the excess of oxygen 
that the combustion chamber contains. Content of NO 

X 

in the exhaust gases depends basically on the maximal 
temperature of the process because this reaction is en
dothermic and does not associate directly with the mix
ture combustion processes. 

Whereas the smoke formation process occurs mainly 
in the local zones supersaturated by the fuel where 
pyrolisis of the hydrocarbons is going on in accordance 
with a complicated multi-stage mechanism offractioning 
and decomposing of the fuel molecules. As a result, the 
exhaust smoke of diesel engines depends basically on 
the chemical structure of the fuel, i. e. on the amount of 
aromatic hydrocarbons in the fuel content and its cetane 
number, on diffusion processes that follow in combus
tion chamber, multiplex mechanism of soot particles for
mation and its combustion reactions velocity [5]. 

Recently one of the possible methods of diesel en
gines emission reduction is the application of multipur
pose fuel additives. The broad scale fuel additives im
prove the complete combustion of the mixture and re
duce the amount of harmful emissions. Some of the mul
tipurpose fuel additives, e.g. Swedish MARISOL FT, at 
engine D-240 moderate load suppress little concentra
tion of nitrogen oxides in the exhausts, likewise at en
gine rated power reduce the effective specific fuel con
sumption by 2,2 % [6]. The application of these addi
tives leads also to declining of exhaust temperature by 
20~40 °C. 

A couple of years ago new fuel additives S0-2E 
appeared and they were produced in neighbouring Esto-
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nia. The effectiveness of these additives has been inves
tigated in small heating boilers and low-powered ships 
engines fuelled with the experimental shale oil that was 
produced from the local oil shale resources. However, 
the influence of additives S0-2E on the exhaust gas tox
icity and smoke of a high-speed diesel engine that runs 
on commercial diesel fuel has not been tested yet. 

3. Purpose of the Research 

The purpose of this research is to determine the in
fluence of fuel additives S0-2E on the performance of a 
high-speed direct injection diesel engine, to evaluate the 
quantitative composition changes of the exhaust gases 
especially harmful nitrogen oxides NO, N02, NOx, car
bon monoxides CO and smoke emissions. 

4. Research Objects, Apparatus and Methods 

A completely commissioned D-243 four-cylinder, 
four-stroke, natural aspirated DI diesel engine with a bore 
of 110 mm, a stroke of 125 mm, displacement of 4,75 1, 
rated brake power 59 kW (80 hp) and compression ratio 
of 16: I was connected to a 110 kW (150 hp) model KS-
56-4 AC (Czech Republic) electrical dynamometer. The 
fuel was delivered by the in-line model4UTNM (NZTA) 
fuel-injection pump through five hole injection units into 
a toroidal type combustion chamber in a piston head. The 
fuel injection pump was adjusted for the initial fuel de
livery start at 25° before top dead centre (TDC). The ini
tial needle opening pressure for all injectors was equal 
to 17,5±0,5 MPa. 

The diesel engine was fuelled with the F category 
winter diesel fuel that meets the quality requirement of 
LST EN 590:2000 standard. An electronic scale VLK-
500 and a stopwatch were used to determine mass fuel 
flow. Volumetric air consumption of the engine was mea
sured with the rotor type gas counter RG-400-1-1,5. 

The fuel additives S0-2E are produced at Estonian 
joint-company Viru Olitoostus AS in Kohtla-Jiirve. Ad
ditives look like stiff enough, viscous, water free, poi
sonous material with a very specific odour and hardly 
soluble in diesel fuel black-brown liquid (Table). Addi
tives S0-2E are a little heavier than water, they contain 
about 5,3 %phenol, 0,53 %sulphur and 0,04% ash. Al
kali component of the phenol reduces acidity of diesel 
fuel, assists to wash out and eliminate tar deposits. The 
fuel additives S0-2E were mixed with diesel fuel in pro
portion I :500 (0,2 %) by volume. 

Load characteristics were taken at steady engine per
formance modes and constant crankshaft revolution fre
quencies n = 1400, 1600, 1800, 2000 and 2200 min-1• At 
these five revolutions the exhaust gas emission was mea
sured at 6 - 7 variable load-points as the latter gradually 
has been changed from the minimal 20 % up to the maxi-

The basic properties of fuel additives S0-2E 

Density at (20 aq g/cm3 1,030 

Phenol% 5,3 

Pour point oC -4 

Acidity mg KOH/g 0,44 

Sulphur% 0,53 

Ash% 0,04 

Water% 0 

mal 110 % of its rated value. 
The revolution frequency of crankshaft was mea

sured with a universal ferrite-dynamic stand tachometer 
TSFU-1 and its counter ITE-1 connected to the meter 
sensor DTE-2 with accuracy of ±0,2 %. 

The amounts of carbon monoxides CO (ppm), di
oxides C02 (%),nitrogen monoxides NO (ppm) and di
oxides N02 (ppm) in the exhaust gases were measured 
with Testa 33 (Germany) gas analyser. This device en
abled us also to get ideas about air-fuel equivalence ra
tios A (a) for various combustible mixtures. The total 
emission of nitrogen oxides NOx was determined as a 
sum of NO and N02 components. 

Mterwards the carbon monoxides CO (% vol), di
oxides C02 (% vol) and hydrocarbons HC (ppm vol) 
emissions as well as the amount of free oxygen 0 2 (% 
vol) in the exhaust gases were additionally checked with 
Italic production device TECHNOTEST Infrared 
Multigas TANK, mode 488 OIML automobile gas 
analyser. 

Smoke opacity D (%)of the exhaust gases was mea
sured with Bosch device RTT 1 00/RTT 110 in 1 - 100 % 
scale with ±0, 1 % accuracy and its temperature in the 
exhaust manifold was measured with chromel-alumel 
thermocouple TChK-400U connected to galvanometer 
MKD-50M. 

5. The Research Results 

The application of fuel additives S0-2E does not in
fluence noticeably the engine D-243 effective parameters. 
At engine revolution frequencies n = 1600--1800 min-1 the 
consumption of the fuel, that was intentionally pre-treated 
with additives, is obtained a little (2-3 %) higher, but at 
other running speeds (1400, 2000 and 2200 min-1) effec
tive specific fuel consumption throughout wide loads al
ternation range remains almost unchanged. The usage of 
fuel additives does not have any noticeable influence on 
the air-fuel equivalence ratio a (A) as well, - that gradu
ally declines from 5,75 to about 1,65 when engine load 
increases to its maximal level. 

However, having filled additives S0-2E into diesel 
fuel, some quantitative composition changes of the harm-
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ful components occur in the exhaust gases. It becomes 
evident that diesel fuel that was pre-conditioned with 
additives creates much less amount of total nitrogen ox
ides NOx in the combustion process. It is very important 
because NOx has an especially harmful impact on the 
environment and people health. At moderate load (bmep 
::;0,2 MPa) the influence of fuel additives S0-2E on total 
nitrogen oxides NOx emission (ppm) is negligible. But 
as far as the engine load and the amount of the fuel being 
injected per cycle increases, the maximal combustion 
temperature goes up. In such circumstances the forma
tion of nitrogen oxides obtains more stimulus [ 1 ,5]. When 
absolute NOx amounts in the exhausts become higher 
the positive effect of the fuel additives S0-2E also in
creases. 

As one can notice on the graphs (Fig 1) in case of 
engine performance at brake mean effective pressure 
(bmep) higher than 0,2- 0,3 MPa, the total emission of 
nitrogen oxides when engine is run on pre-treated fuel 
throughout all revolution frequencies variation range is 
reduced by 75-125 ppm (4,0- 6,5 %). Especially effec
tively nitrogen oxides are being suppressed when engine 
runs on its maximal load and rated 2200 min·' speed, -
NOx emission reduces by 230-280 ppm or about 10 %. 
At engine maximal torque regime and 100 % load (n = 
1600 min"1) or in overload zone (n = 1400 rnin·1) fuel 
additives S0-2E reduce the emission of nitrogen oxides 
correspondingly by 7,5 and 6,0 %. In other words, when 
running the engine with the fuel additives S0-2E the same 
nitrogen oxides emission level (2000 ppm) can be pro
duced at about 25 % higher brake power developed. 

The analysis of the data given on the graphs (Fig 1) 
leads to the conclusion that the total emission of nitro
gen oxides more likely depends on engine load (bmep), 
it means on quantitative/structural changes of combus
tible mixture prepared (air-fuel equivalence ratio a drops 
from 5,75 to 1,65) and increased temperatures inthe 
chamber than on the crankshaft revolution frequency or 
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Fig 1. Dependency of common nitrogen oxides NOx 
emission on engine revolution frequency (n) and load (bmep) 

gas turbulence intensity. For this reason the fuel addi
tives have more potentiality to reduce NOx at engine 
higher load. However, as one can notice on the graphs of 
Fig 2 a-d, in case of additives application load depen
dent influence on specific nitrogen compounds NO, N02 
and NOx formation at various engine revolution frequen
cies is different. The positive effect of fuel additives S0-
2E on nitrogen oxides reduction can be related to lower 
maximal combustion temperatures. In accordance with 
measurement results, due to additives application tem
perature of the exhaust gases at engine rated speed and 
its maximal load is reduced from 485 to 445 °C (by 40 
0 C). As far as temperature of the gases decreases it defi
nitely reduces the amount of NO emission and provokes 
some of N02 rising tendency, however the latter ( 184 
ppm) makes up only the tenth part of nitrogen monox
ides (1752 ppm) emission. So, at high temperatures the 
influence of fuel additives on NO and N02 emission 
seems to be contrary. On the other hand, at reduced en
gine load, higher air-fuel equivalence ratio and lower 
temperature of the gases, the total NOx emission is lower 
and the effect due to fuel additives usage on all nitrogen 
oxide components remains unambiguous. 

In more detail the influence of fuel additives S0-2E 
on nitrogen monoxides NO, dioxides N02 and total NOx 
emissions when engine D-243 works at various loads and 
different revolution frequencies n = 1600-2200 min·' one 
can evaluate having made the analysis of graphs in Fig 2, 
a-d. They reflect the percentage changes of nitrogen ox
ides at three different load regimes: 1) bmep = 0,35 MPa; 
2) bmep = 0,50 MPa and 3) bmep = 0,65 MPa in com
parison with their base-rates when the engine is fuelled 
with diesel fuel without any additives given in ppm above 
each column of components. 

The analysis of graphs points out that the usage of 
fuel additives really reduces NO and total NOx emis
sion. As we pointed earlier (Fig 1), the influence of ad
ditives is the most noticeable at moderate (Fig 2, a-b.) 
and maximal (Fig 2, c-d) loads, - NOx reduces corre
spondingly by 7,7-6,0 and 9,6-10,2 %. It is important 
to underline that total NOx amounts reduce namely due 
to suppression of the most harmful for the environment 
and people health nitrogen monoxides NO as the emis
sion N02 at engine maximal load throughout all the revo
lution frequencies variation range remains slightly higher. 
When engine runs at the maximal load and speeds e.g. n 
= 1800 and 2000 min·' N02 emission is higher corre
spondingly by 6,2 and 7,4% than during its run without 
additives. Although N02 emissions expressed in ppm 
(Fig 2) are not very high. 

At moderate load (bmep = 0,35 MPa) the biggest 
NOx reduction, expressed in percentage (15,7 %), is ob
tained at engine rated speed n = 2200 min·1. It is worth 
to notice that in this particular case the reduction of total 
NO emission was achieved due to a lower level of both 

X 
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Fig 2. Influence of fuel additives S0-2E on nitrogen oxides NO, N02 and NOx emission when running the engine at different 
loads bmpe = 0,35; 0,50 and 0,65 MPa and various revolution frequencies n = 1600 (a); 1800 (b); 2000 (c) and 2200 (d) min-1 

toxic components- NO (16,1 %) and N02 (11,8 %) (the 
first columns group of Fig 2, d). At other revolutions n = 

1600, 1800 and 2000 min-I and low-level loads fuel ad
ditives S0-2E noticeably (by 5,0; 5,6 and 8,8 %) reduce 
NO and slightly (1,4; +0,7 and 1,6 %) - N02 emission 
(Fig 2, a-c). As a result the total nitrogen oxides emis
sion reduces correspondingly by 5,0; 5,6 and 8,8 %. It 
should be pointed, however, that when engine load in
creases, one can notice clear N02 rising tendencies. When 
load goes up to bmep = 0,65 MPa fuel additives stimu
late N02 emission by 6,2% (n = 1800 min-I) and 7,4% 
(n = 2000 min-I). Dissimilar effect of fuel additives on 
NO and N02 emission may be related to a different for
mation mechanism of considered components that be
comes more evident at increased engine load and conse
quently higher temperatures of the combustion process. 
Whereas engine revolution frequency, hence combustible 
mixture turbulence intensity, has considerably less in
fluence on total NOx and its components emission. 

Carbon monoxides can be formed in the local places 
of the chamber where the access to oxygen necessary for 
complete mixture combustion is strongly limited. At idle 
or small load it is rather difficult to inject accurately very 
small portions of fuel and to distribute it equally through-

out the combustion chamber volume. Under such circum
stances even at satisfactory excess of the air along the 
fuel spouts propagation pathways and in some particular 
areas of chamber the lack of oxygen needed for com
plete combustion may occur. On the other hand, at the 
increased fuel delivery per cycles up to the engine load 
approaching the smoke limit zone, the emission of car
bon monoxides due to the lack of oxygen is unavoid
able. These carbon atoms presented in the fuel content 
and not completely burnt out increase CO emission and 
witnesses about less effective fuel energy conversion to 
heat. This may be is the answer why CO emission graph
lines alternation along engine revolution frequencies and 
its brake mean effective pressure coordinates (Fig 3) 
seems so similar to the known brake specific fuel con
sumption maps. 

During engine performance at a small load addi
tives S0-2E do not have any clear influence on carbon 
monoxides emission. At brake mean effective pressures 
less than 0,25 MPa and certain revolution frequencies (n 
= 1600 min-I) fuel additives can even provoke (up to 20 
%) CO emission. When engine runs on its maximal load 
the influence of fuel additives becomes more evident. 
One can see in the graphs of Fig 3, when engine runs on 
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Fig 3. Dependency of carbon monoxides CO emission on 
engine revolution frequency (n) and load (bmep) 

frequency n = 1800 min·1 fuel additives reduce CO emis
sion on the average by 20-28 %. At slightly increased 
revolutions 2000 min·1 the effect of fuel additives be
comes minor. When engine runs on its rated speed n = 
2200 min·1 CO emission due to the usage of pre-treated 
fuel increases by 12,5 % and more. Such variable impact 
of additives S0-2E on CO and NOx emissions witnesses 
again about different carbon monoxides and nitrogen 
oxides derivation mechanism [5]. 

The exhaust smoke when engine runs at moderate 
load (bmep = 0,45 MPa) does not exceed 10- 15 %. In 
some circumstances, e.g. n = 1400 and 2000 min·1, the 
smoke reduction due to additives usage is noticeable 
enough (Fig 4). Although at more increased loads when 
engine exhaust smoke reaches approximately 50% level, 
positive additives influence gradually goes down till com
pletely diminishes. So, from the smoke point of view 
engine emissions during the performance with the fuel 
additives and without them differ marginally. At engine 
maximal torque or at its rated speed fuel additives in-

rn 
a. 
:;; 

O.B ~---~~----,-----,-------, 

0.7 

0.6 

g. 0.5 

~ ~.-........ -=-=-~-r-

10% ---- dyze\.deg. 
- dyz. deg.+ S0-2E 

0.3 ¥-----+----+- ----1 

0.2 .J....----.......jl------+-----+-------1 
1400 1600 1 BOO 2000 2200 

Fig 4. Dependency of smoke D emission of exhaust gases on 
engine revolution frequency (n) and load (bmep) 

crease the smoke emission approximately by 5 - 10 %. 
A little elevated smoke level remains here in good agree
ment with obtained higher CO and lower NOx emissions. 

Regarding the effect of fuel additives S0-2E on 
HC emissions no general tendency was found. But in 
any case it is clearly verified that there is no rise ofHC 
emission with the use of the additives. The amounts of 
hydrocarbons in the exhausts remained minor in the 
whole, they did not exceed 20 ppm and with engine 
load and speed changed only a little. It may mean that 
the testing conditions and engine technical state were 
all-right 

6. Conclusions 

1. The total emission of nitrogen oxides depends 
mostly on engine load that is on gas temperature in the 
cylinder, - rise of brake mean effective pressure from 
0,35 until 0,65 MPa throughout tested revolution frequen
cies range n = 1400-2200 min·1 leads to the increase of 
NO amounts in the exhaust gases on the average 1,6 

X 

times. The influence of engine revolution frequency and 
the intensity of gas turbulence on NOx emission is negli
gible. 

2. The fuel additives S0-2E reduce the amount of 
nitrogen oxides in the exhaust gases efficiently enough. 
At engine rated speed nitrogen monoxides NO and the 
total NO emission is reduced correspondingly by 11,54 

X 

and 9,64 %, but the amount ofN02 in totally diminished 
background of nitrogen oxides increases by 7.39 %. How
ever, when engine runs at moderate (bmpe = 0.35 MPa) 
load, the fuel additives reduce the emissions of all nitro
gen components- NO by 16,1 %, N02 by 11,8% and 
NOX by 15,7 %. 

3. The influence of fuel additives on the amount of 
carbon monoxides in the exhausts seems to be even more 
complicated. At engine rated speed/power fuel additives 
increase CO emission by 12,5 %, but as soon as engine 
load increases and revolution frequency drops down to 
the maximal torque area n = 1600-1800 min·1, they re
duce the amount of CO in the exhaust gases on the aver
age 20-28%. 

4. It is important to notice that changes in the smoke 
emission remain in close association with CO emissions. 
At certain revolution frequencies and moderate load, the 
fuel additives S0-2E lead to noticeable reduction of the 
exhaust smoke, however at engine rated power and speed 
the smoke emission is obtained approximately 5 - 10 % 
higher. 

5. In spite of different influence of the fuel addi
tives S0-2E on the quantities of produced CO and ex
hausted smoke it would be worth to apply it in high-speed 
DI diesel engines in order to reduce the environmentally 
harmful nitrogen oxides NOx emission. 
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