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INTRODUCTION

Internal combustion (IC) engines are consid-
ered to be the one of the most important sources of 
harmful gases emitted into the atmosphere. These 
pollutants have a negative impact not only on the 
human health but also are harmful for the animal 
and plant life. For this reason, the emissions of 
unburned hydrocarbons (HC), nitrogen oxides 
(NOX), carbon monoxide (CO) and particulate 
matter (PM) are more and more limited by rele-
vant legal regulations. In the case of the European 
Union (EU), these requirements are known as the 
Euro/EURO emission standards. These increas-
ingly stricter limits of toxic gases emission stimu-
late the development of internal combustion (IC) 
engines. The process is supported by appropriate 
investigation for alternative and environmentally 
friendly fuels/biofuels too. For this reason, for 

many years scientists and researchers have fo-
cused on plant oils as a renewable source of ener-
gy for the engines. Additionally, alcohols such as 
methanol and ethanol as well as selected deriva-
tives i.e. methyl tertiary butyl ether (MTBE) and 
ethyl tertiary butyl ether (ETBE) were investigat-
ed and used as a fuel additive for spark ignition 
and diesel engines [9, 10, 30]. Moreover, n-hex-
ane was utilized in blend with canola oil as a fuel 
for diesel engines [20]. The combustion process 
of all these novel fuels helps reduce the emission 
of toxic gases. However, it must be additionally 
supported by the development of after-treatment 
systems such as diesel and gasoline particulate 
filters (DPF and GPF respectively), oxidation 
catalyst for diesels and three-way catalysts for 
gasoline engines. In the case of diesel engines, se-
lective catalytic reduction (SCR) is also used for 
NOx reduction. It should be pointed that excessive 
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emission of NOx is still a crucial problem of all 
diesel engines. For this reason, the diesel after-
treatment systems are still being developed in 
conjunction with the necessary research on novel 
fuels. An example of such fuels are water-diesel 
(W-D) emulsions and microemulsions. Numer-
ous studies showed that combustion of W-D im-
proves the efficiency of unmodified engines and 
also reduces the emission of harmful gases [11, 
19]. The results of the research carried out with 
emulsified fuel confirmed that W-D can support 
the reduction of NOx and PM simultaneously. It 
was found that the water dispersed in diesel fuel 
supports the micro-explosion of the fuel droplets 
injected into the combustion chamber. Almost all 
authors agree that better performance and ecolog-
ical benefits are caused mainly by the enhanced 
fuel atomization due the micro-explosion phe-
nomena [23, 29]. In this way, the quality of the 
fuel atomization process is accordingly higher. It 
should be pointed that so-called secondary atomi-
zation caused by the micro-explosion is affected 
by many factors, including the size of water parti-
cles dispersed in emulsion. The afore-mentioned 
problem was investigated by Marrone et al. [22]. 
In their work, the impact of the water droplet size 
dispersed in the fuel emulsion on the disruptive 
phenomenon (micro-explosion) was studied. The 
W-D emulsions containing the water particles in 
the diameter range of 2.1–4.5 μm were investi-
gated. Marrone concluded that only larger water 
particles can support the disruptive burning of the 
W-D emulsion. Similar results were reported by 
Mura et al. [24]. They confirmed that the most 
valuable water particle size dispersed in the W-D 
emulsion is 4.7 μm. Above this size, the micro-
explosion phenomenon is not so intensive. Addi-
tionally, Jeong et al. [18] investigated the impact 
of different water content dispersed in emulsion 
on the micro-explosion phenomenon. The authors 
suggested that the intensity of this phenomenon 
grows for the increasing the content of water per-
centage dispersed in the W-D emulsion. The fac-
tors affecting the usefulness of the W-D emulsion 
as a fuel for diesels were specified by Ithnin et al. 
[14, 15]. The researchers concluded that the most 
important factors are the diameter and percentage 
of water particles dispersed in W-D emulsion, 
thermodynamical parameters such as temperature 
and pressure, as well as the kind and content of the 
surfactant used. They stated that also the condi-
tion of the engine operation as well as the kind of 
diesel engine should be taken into consideration. 

It should be pointed that the water can be dis-
persed in a diesel fuel forming emulsion or micro-
emulsion. On the basis of the literature data it can 
be stated that the W-D emulsion is not thermody-
namically stable and easily separates even during 
short term storage. However, selected emulsions 
can be stable even for a few months [31]. It is 
also known that the stability of the W-D mixture 
is affected by properties of surfactants (emulsi-
fiers) which are necessary for reducing the inter-
facial tension between water and oil (in this case 
– diesel fuel). On the basis of the literature data, it 
can be found that one of the most common chemi-
cals considered as emulsifiers are Sorbitan oleate 
(CAS No.: 1338–43–8), Polyoxyethylene sor-
bitan oleate (CAS No.: 9005–57–1), Octyl Phe-
noxy polyethoxy ethanol (CAS No.: 9002–93–1), 
Polyoxyethylene sorbitan monolaurate (CAS 
No.: 9005–64–5) and Polyoxyethylene nonyl-
phenyl ether (CAS No.: 68412–54–4) [12]. These 
surface active agents and other similar chemicals 
allow dispersing distilled water in diesel fuel. 
The stability of these emulsions is affected by the 
water/surfactant ratio as well as by temperature 
variations, density, viscosity and other factors 
[25]. During destabilization of the water-diesel 
emulsion, several processes may occur i.e. floc-
culation, coalescence, creaming or sedimentation. 
Flocculation is a process when dispersed water 
droplets create larger clusters. This is the first step 
leading to the emulsion coalescence and finally to 
the gravitational phase separation due to differ-
ent densities of the water and oil phases [14, 15]. 
It should be pointed out that when the emulsion 
reaches the sedimentation stage, then the proba-
bility of malfunction as well as the risk of damag-
es of the engine parts increases significantly. The 
destabilization phenomenon of the water-diesel 
fuel emulsion was tested in numerous studies. 
Ghannam et al. [7] investigated an emulsion con-
taining 10% and 20% of water dispersed in diesel 
fuel with the 0.2% addition of surfactant. They 
stated that tested emulsion containing 10% of wa-
ter remained stable even for 4 weeks. For a higher 
concentration of water dispersed in a diesel fuel, 
the stability of emulsion was adequately shorter. 
In the case of an emulsion containing more than 
20% of water, the stability was reduced to 5 hours. 
Similar investigations were carried out by Rehan 
et al. [28]. However, researchers were focused on 
the selected factors influencing the stability of the 
water-biofuel emulsion. On the basis of the lit-
erature data, it can be stated that some surfactants 
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allow dispersing water, forming a stable emul-
sion. Usually, it requires a higher amount of sur-
factants as well as cosurfactants. In this way, the 
fuel microemulsions containing up to about 10% 
by volume of water dispersed in diesel fuel can 
be formed with the addition of about 5–10% by 
mass of selective surfactants/cosurfactants. The 
size of the water micelles dispersed in the micro-
emulsion is significantly lower compared with the 
emulsion. In detail, the size of water micelles in 
the microemulsion is lower than the wavelength 
of visible light i.e. in the range of 400–700 nm. 
For this reason, microemulsions are transpar-
ent and look similar to the standard diesel fuel, 
whereas emulsions usually appear white or milky. 

As mentioned above, the W-D emulsions 
were commonly reported as effective and alterna-
tive fuels for diesel engines. Alahmer et al. [2, 3] 
tested the W-D emulsions containing up to 30% of 
water. In both cases the emission of nitrogen ox-
ides was significantly lowered for the engine fu-
elled with the W-D emulsions in comparison with 
standard diesel fuel. Additionally, Yang et al. [31] 
confirmed that NOX emission is lowered when us-
ing the W-D emulsion due the presence of water 
bringing down the top temperature of the flame in 
the combustion chamber. It should be pointed out 
that higher temperature always stimulates the for-
mation of NOX. For this reason a reduction of the 
flame temperature lowers the NOX formation. A 
lot of researchers agree that the evaporation of the 
water injected into the combustion chamber ab-
sorbs the heat. In this way, the peak temperature 
during the W-D emulsion combustion process is 
accordingly reduced [21]. Farfaletti et al. [6] sug-
gested that the heat sink phenomenon is respon-
sible for lowering the burning gases temperature. 
For this reason, the emission of nitrogen oxides 
can be accordingly lowered. Jazair et al. [17] stat-
ed that the evaporation of water is an endother-
mic process associated with the water transition 
from the liquid phase to steam. In this case, the 
endothermic process carried out in the combus-
tion chamber reduces the in-cylinder temperature 
affecting the lower emission of nitrogen oxides. 
Fahd et al. [5] investigated a W-D emulsion con-
taining 10% water as a fuel for diesel engine. The 
authors evaluated the emissions and performance 
of the tested engine in wide range of its load and 
crankshaft rotational speed. On the basis of the 
results, they emphasized that the in-cylinder pres-
sure during the combustion of the W-D emulsion 
and standard diesel fuel are comparable. They 

confirmed that the tested emulsion lowers the 
exhaust stream gases temperature and the nitro-
gen oxide emission is also reduced. Similar re-
sults were reported by Ghojel et al. [8]. These re-
searchers tested a W-D emulsion containing 13% 
water as a fuel for diesel engine. The necessary 
tests were carried out under stationary conditions 
for 150 Nm obtained at 2200 rpm. During the re-
search, a lower emission of unburned hydrocar-
bon as well as NOx was confirmed for the engine 
powered with the W-D emulsion. Moreover, Ith-
nin et al. [14] investigated the impact of a W-D 
emulsion containing up to 20% water on the per-
formance and emission of the diesel engine oper-
ated in a wide range of load and constant speed 
of 3000 rpm. They highlighted lower emission 
of particulate matter and nitrogen oxides for all 
tested W-D emulsions. Moreover, they confirmed 
that the pressure variations recorded during the 
combustion process of all tested fuels were com-
parable. The experimental results reported by 
Yang et al. [32] once again confirmed that the 
W-D emulsions reduce the emission of nitrogen 
oxides significantly. During the tests, almost 31% 
reduction of NOX was achieved for an engine 
powered with the W-D emulsion containing up to 
15% water, in comparison to the results obtained 
for standard diesel fuel. Similar reduction of nitro-
gen oxides was reported by Ithnin et al. [16]. The 
researchers investigated two different W-D emul-
sions containing 5% of water dispersed in diesel 
fuel. The first tested emulsion was formed with-
out the necessary surfactant and the second was 
prepared with the addition of 0.2% of SPAN80. 
The research showed that the first W-D emulsion 
allows reducing not only NOx but also particulate 
matter by about 32% and 16%, respectively, for 
an engine speed of 3000 rpm. Once again, Ithnin 
et al. [15] reported the results of an investigation 
on the W-D emulsion containing 2% of necessary 
surfactant and water dispersed in the diesel fuel in 
volume of 5, 10, 15 and 20%. This time, the emis-
sion of NOX was reduced by 41%, in comparison 
with the base diesel fuel. Similar results were re-
ported by Yilmaz et al. [33]. They investigated a 
W-D emulsion containing 5% and 10% of water 
dispersed in diesel fuel. The necessary tests were 
carried out for the engine operated at full load and 
moderate as well as higher speed of the engine 
crankshaft. The authors highlighted that the W-D 
emulsion containing 10% of water reduces the ni-
trogen oxides emission even by 11%. Attia et al. 
[4] examined the impact of the emulsion structure 
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on several parameters of engine operation. They 
confirmed that the emission of nitrogen oxides 
is lowered up to 25% for the emulsion contain-
ing larger water droplets. In this case, also smoke 
emissions as well as unburned hydrocarbons were 
reduced, even by 80% when the engine was fu-
elled with the W-D emulsion, in comparison with 
standard diesel oil. Henningsen [13] investigated 
a two-stroke engine powered with a W-D emul-
sion containing 25% water. He showed that the 
engine powered with the tested emulsion can gen-
erate even 30% lower emission of nitrogen oxides 
in comparison with diesel fuel. Ogunkoya et al. 
[27] tested the W-D emulsion containing 30% of 
water dispersed in diesel fuel. The necessary tests 
were carried out for a diesel engine at 2000 rpm 
and three load conditions. The authors confirmed 
that the combustion of the W-D emulsion reduced 
the emission of nitrogen oxides significantly; 
however, larger emission of CO was also ob-
served. Maiboom et al. [21] tested a high-speed 
direct injection (HSDI) diesel fuelled with a W-D 
emulsion with water/fuel ratio of 25.6%. They 
confirmed that the utilisation of the tested W-D 
emulsion allowed achieving even 50% reduction 
of NOX, in comparison with the results obtained 
for standard fuel.

All the above-mentioned works confirm that 
water dispersed in diesel fuel has a positive influ-
ence on reducing the harmful gases produced by 
diesel engines. However, little is known about the 
impact of the W-D microemulsions on the perfor-
mance and emissions from diesel engines. Some 
reports confirm that microemulsions can also 

reduce the harmful emissions from the engine [1]. 
However, other authors reported an increase in the 
CO and NOx emission, in comparison with diesel 
fuel [26]. The examples of these opposite reports 
were the motivation for own empirical tests car-
ried out with the AVL research engine powered 
with the microemulsion containing up to 7% by 
volume of distillate water dispersed in standard 
diesel fuel. The paper is focused on the analysis 
of the NO2, NO and NOX emissions, which are 
considered as a one of the most important harmful 
gases from diesel engines. 

MATERIALS AND METHODS

In this study the AVL 5402 series Common 
Rail diesel research engine was used. It is a well-
known unit designed for professional scientific 
tests. In detail, the engine consists of a 0.51 L 
single cylinder equipped with 4 valves and di-
rect fuel injection system produced by BOSCH 
Co. The basic specifications of the AVL engine 
are shown in Table 1. The test setup used in this 
research was built by the AVL Co. for the Ka-
zimierz Pulaski University of Technology and 
Humanities in Radom. The schematic diagram of 
this test setup is shown in Figure 1.

As it can be seen from Figure 1, the power 
generated by the engine was absorbed by eddy 
current dynamometer working under supervi-
sion of an Engine&Dyno control system. The test 
setup was equipped with the AVL Sesam i60 FT 
multi-component exhaust measurement system. 

Fig. 1. Schematic diagram of the test setup
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Selected specification of this system is listed 
in Table 2.

The AVL SESAM i60 FT contains three main 
devices, i.e.: flame ionization detector (FID), in-
frared detector (IRD) and paramagnetic detec-
tor (PMD). The FID analyzer was used for the 
measurements of the total unburned hydrocar-
bon (THC) concentration in the exhaust stream 
gases flow. CO and CO2, as well as many other 
infrared active chemical compounds like NO and 
NO2 were measured using a Fourier Transform 
Infrared spectroscopy (FTIR). The oxygen con-
centration in the exhaust stream gas was analyzed 
by the PMD. It should be pointed that the AVL 
SESAM i60 FT exhaust gas measurement system 
allows detecting over 20 gas components through 
the analysis of an infrared broadband spectrum. 
The system updates the results at the frequency 
of 1 Hz. According to the producer’s data, the 
spectrometer operates with spectral resolution 
of 0.5 cm-1. The necessary measurements be-
gan when the stationary condition of the engine 
work was achieved. For this reason, the engine 
coolant and oil temperature was also controlled. 
Once these parameters became steady, the emis-
sions were recorded by the AVL Puma and AVL 

Indicom system. As mentioned above, the engine 
tested in this research used the CR injection sys-
tem controlled by programmable Engine Control 
Unit (ECU). The necessary tests were carried out 
under the conditions of low, moderate and high-
er load of the engine work. The engine operated 
with 1200, 2200 and 3200 rpm of the crankshaft. 
At each speed, the engine operated under three 
loads i.e. break mean effective pressure (BMEP) 
was set to 1.7, 3.4 and 5.1 bar. In this way, a ma-
trix of nine measurement points was established. 
The settings of the pilot and main fuel injection 
timing were the same for all fuels tested in the 
specific measurement point. The exhaust gases 
recirculation (EGR) system and turbocharging 
system were not used in this study. 

It should be pointed that in this study the em-
pirical studies were focused on the investigation 
of the water content dispersed in diesel fuel on 
the nitrogen oxides emission characteristics of 
the AVL engine. Diesel fuel (DF) and two fuel 
microemulsions containing 3.5 and 7.0% by vol-
ume of distilled water were tested. These tested 
microemulsions are coded as follows: M1 and 
M2, respectively. Distillate water was dispersed 
in diesel fuel using surface active agents: Span-
20 and Crillet-6. All tested fuels had the same 6% 
by mass content of the afore-mentioned surfac-
tants. Both tested microemulsions were formed at 
a temperature of 40ºC. Then, the Zetasizer Nano 
analyzer (made by Malvern Co) was used to mea-
sure the size of water micelles dispersed in diesel 
fuel. These tests were repeated three times. The 
results confirmed that the average size of micelles 
is close to 18–20 nm. For all tested fuels the kine-
matic viscosity, cold filter plugging point, density, 
flash point and cooper strip corrosion tests were 
performed. The details of the tested physico-
chemical properties of DF, M1 and M2 are listed 
in Table 3. 

On the basis of the data shown in Table 3, it 
can be stated that the values of cold filter plug-
ging point of M1 and M2 were comparable to DF. 
However, the viscosity of M1 and M2 increased 
significantly, in comparison with the base die-
sel fuel. It can deteriorate the fuel atomization 
process in the combustion chamber. The water 
dispersed in diesel fuel increased the flash point 
value. Especially the flash point of M2 increased 
significantly compared with DF. For this reason, 
the M2 mixture seems to be safer and it can be 
recommended for special applications such as 
combat vehicles.

Table 1. Selected specification of the AVL 5402 
engine

Parameter Value
Engine type 4-stroke, single cylinder
Engine cooling system liquid
Fuel injection type Common Rail, BOSCH CP4.1

Engine test stand controller AVL-RPEMS and ETK7 
BOSCH

Maximum pressure of fuel 
injection 180 MPa

Maximum engine power 6.25 kW at 4200 rpm
Compression ratio 17.5:1
Valves per cylinder 2 inlet, 2 exhaust
Displacement 511 cm3

Table 2. Selected specification of the AVL SESAM 
i60 FT emission analyser

Gas component MDC* (ppm) Range (ppm)
Dinitrogen monoxide N2O 1.0 0 – 1 000
Ammonia NH3 0.5 0 – 1 000
Nitrogen monoxide NO 2.5 0 – 10 000
Nitrogen dioxide NO2 1.0 0 – 1 000

MDC* – Minimal Detectable Concentration is the de-
tection limit of involved gas component, defined as-
suming two times the standard deviation
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RESULTS AND DISCUSSION 

NO2 as well as NO are the main components 
of nitrogen oxides referred to as NOX. Its emis-
sion has a negative impact on the human health. 
In particular NOX promote the swelling of throat 
bronchitis and lung inflammation. Moreover, the 
exposure to NOX contributes to lowered oxygen 
saturation of the blood system and promotes asth-
ma attacks. 

NOX are formed during the combustion pro-
cess, mainly in the front of the flame. The funda-
mental principle of the NOX formation is strictly 
related with the in-cylinder temperature varia-
tion i.e. higher emission of NOX correlates with 
higher temperature of the combustion process. As 
mentioned above, a lot of studies suggest that the 
problem of the NOX emission can be reduced by 
using the W-D emulsion as a fuel for CI engines. 
During fuel combustion, the water micelles evap-
orate and this endothermic process absorbs the 
latent and sensible heat. For this reason, the in-
cylinder temperature is lowered, as well as lower 
emission of NO and NO2 is expected. It is mostly 
confirmed in this research. As shown in Figure 2, 
the maximum emission of NO does not exceed a 
value of 1 g/kWh for all tested fuels. 

It is also clear that the variation of the engine 
load, i.e. BMEP value, slightly lowers the NO 
emission. The water dispersed in diesel fuel does 
not have an important influence on the emission 

of NO. The formation of NO during the combus-
tion process can be described by the temperature-
dependent chemical reactions. The major factor 
influencing the NO formation is the oxygen ex-
cess in the combustion chamber and temperature. 
For higher loads, the air/fuel ratio is adequately 
reduced. It means that the oxygen concentration 
in combustion chamber is also lower. For this rea-
son, a lower number of oxygen atoms can react 
with a nitrogen molecule, forming NO and N:

O + N2 → NO + N (1)
Then, a nitrogen atom can react with a oxy-

gen molecule giving NO:
N + O2 → NO + O (2)

The above-mentioned process is commonly 
known as the Zeldovich’s mechanism. The rate of 
NO formation is maximized by higher tempera-
ture and increased oxygen concentration. At the 
temperature greater than about 1500 °C, a triple 
bond in N2 molecule breaks. It means that the NO 
formation is affected by the nitrogen molecule 
dissociation inside the combustion chamber. At a 
lower temperature, the formation of prompt NO 
occurs. Under such conditions, the hydrocarbon 
radicals easily react with molecular nitrogen N2 
forming hydrogen cyanide HCN (eq. 3) and other 
radicals. Then, these chemicals easily oxidize in 
the flame forming NO:

CH2 + N2 → HCN + NH (3)

Table 3. Selected physicochemical properties of tested fuels

Property Unit
Value

DF M1 M2
Density at 15 °C kg/m3 837 851 855
Water content by volume % 0 3.5 7.0
Crillet-6/Span-20 content by mass % 6.0 6.0 6.0
Kinematic viscosity at 40 °C mm2/s 2.82 3.45 3.96
Cold filter plugging point °C -15 -13 -11
Flash point °C 66 80 106
Copper strip corrosion – 1a 1b 1b

Fig. 2. NO emission from the AVL engine fuelled with DF and microemulsions
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All the above-mentioned mechanisms are 
examples of complex processes of NOX forma-
tion inside the combustion chamber. However, 
it should be pointed out that all emissions from 
the AVL engine were sampled from the exhaust 
stream in a heated line to prevent gas condensa-
tion. In Figure 3 the relationship between the NO 
emissions sampled from the exhaust stream ver-
sus in-cylinder peak temperature is expressed. 

Figure 3 shows that the NO emission was not 
affected by the variation of the in-cylinder maxi-
mum temperature. Additionally, the kind of the 
fuel tested in this study had a minor effect on the 
NO emission. However, it can be stated that be-
low 1400 °C, the emission of NO was reduced up 
to 10% compared with DF. In this research, the 
NO2 emission was also measured in the exhaust 
stream gases. The results are shown in Figure 4. 
As it can be seen, the emission of NO2 from the 
engine was significantly lower compared with 
NO for all measurement conditions. 

NO2 are formed during the oxidation of NO 
by the oxygen present in air. The process is more 
efficient in the excess of oxygen available in the 
combustion chamber. An increase of the rotational 

speed of the engine crankshaft always decreases the 
filling of the combustion chamber with fresh air. In 
this way, the oxygen content is accordingly reduced. 
For this reason, the lowest NO2 emission was de-
tected at 3200 rpm. At low speed ,i.e. 1200 rpm, 
the emission of NO2 is the highest because the effi-
ciency of combustion chamber filling is the best. It 
contributes to higher concentration of oxygen in the 
combustion chamber and promotes the oxidation of 
NO. The described mechanism is also related with 
the engine load dependent on the fuel dose inject 
into the combustion chamber. Achieving higher 
BMEP requires more fuel injected into the com-
bustion chamber. It has an impact on lowering the 
oxygen excess available for the NO oxidation. For 
this reason, the NO2 formation is reduced when the 
BMEP value increase. Taking into account the data 
presented in Fig. 4, it can be stated that the water 
dispersed in diesel fuel can support the reduction of 
NO2. Mostly, the reduction of NO2 is minor or even 
increases, such as in the case of the engine operated 
at 2200 rpm and 1.7 of BMEP. However, even these 
divergent data can suggest that water has a potential 
for the reduction of NO2. Such statement is addi-
tionally confirmed in Figure 5.

Fig. 3. An impact of a peak combustion temperature on the NO emis-
sion from the diesel engine fuelled with DF and microemulsions

Fig. 4. NO2 emission from the engine fuelled with DF and microemulsions
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The analysis of Figure 5 confirms that the ad-
dition of water to diesel fuel allows reducing the 
emission NO2 approx. by 10%, compared with 
DF. Moreover it is clear that the NO2 formation 
i.e. oxidation of NO is the most efficient for low 
in-cylinder temperatures. An increase of these 
temperatures has an impact on the low value of 
the NO2 emission. However, in such case, the NO 
emission is still high for all tested fuels. 

Taking into account the emission of all nitro-
gen oxides (Fig. 6) detectable by the AVL SES-
AM i60 FT, it can be stated that increasing BMEP 
(i.e. higher engine load) enables to slightly reduce 
the NOX emission. The possible benefits depend 
on many factors; however, BMEP is the most im-
portant is one. According to the authors, the kind 
of fuel combusted in the engine does not have a 
significant effect on the NOX formation. 

The combustion process of any fuel in air will 
always promote the formation of nitrogen oxides. 
According to our results summarized in Figure 7, 
it can be stated that the water available in diesel 
fuel supports the reduction of the NOX formation 
to a limited extent.

However, the influence of the water content 
in diesel fuel on the NOX emission reduces with 
an increase of the in-cylinder temperature. On the 
basis of our experiences, it can be stated that the 
combustion process carried out in compressed air 
will always promote the formation of NOX. The 
addition of water to diesel fuel can slightly reduce 
the NOX emission, but it will not solve environ-
mental challenges. 

CONCLUSIONS

In this work, the AVL research engine 
equipped with professional the AVL SESAM i60 
FT exhaust gas measurement system was used to 
assess the impact of the water content dispersed 
in diesel fuel on the emission of nitrogen ox-
ides. In the research, 3.5 and 7% by volume of 
distilled water was blended with diesel fuel. In 
this way two microemulsions were prepared and 
tested in the engine. The necessary tests were car-
ried out for low, moderate and high loads as well 
as for low, moderate and high rotational speeds 

Fig. 6. NOX emission from the engine fuelled with DF and microemulsions

Fig. 5. An impact of a peak combustion temperature on the NO2 emis-
sion from the diesel engine fuelled with DF and microemulsions
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of the engine crankshaft. Such settings allowed 
performing the necessary engine tests in a wide 
range of the possible work conditions. On the ba-
sis of the results obtained during the performed 
research, it was found that a microemulsion con-
taining up to 7 % (v/v) of water has a minor effect 
on the reduction of NOX. It can suggest that the 
content of water in both tested microemulsions 
was not enough for the reduction of temperature 
caused by the fuel evaporation in the combustion 
chamber. For this reason, further tests are recom-
mended for the microemulsions containing more 
than 10% of water. Moreover, additional studies 
focused on the micro-explosions of microemul-
sion should be performed due the lack of knowl-
edge in this manner.
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