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Abstract. This study focuses on the physicochemical and combustion properties of linseed oil (LO) blended with
diethyl ether (DEE) and investigates its potential for application in diesel engines. While similar research exists for
rapeseed oil (RO) and DEE blends, a detailed analysis of LO-DEE mixtures has been lacking. Linseed oil, a colourless
to yellowish edible oil extracted from flax seeds, is notable for its high content of polyunsaturated fatty acids,
especially a-linoleic acid. These properties make it suitable for multiple applications, including the chemical,
biomedical, and fuel industries. However, LO's unique chemical composition presents opportunities and challenges
for its use as a biofuel. Experimental results demonstrate a significant linear relationship between DEE
concentration and the physicochemical properties of LO-DEE blends. For instance, density and surface tension
decreased with increasing DEE content, leading to improved spray characteristics and atomization during fuel
injection. The LHV of the blends was slightly reduced compared to diesel fuel (DF) but remained comparable to
rapeseed oil-DEE mixtures. While LO's viscosity is lower than many vegetable oils, it remains higher than that of
conventional diesel fuel, which can impact spray angle and atomization efficiency. The addition of DEE effectively
reduced viscosity, enhancing the combustion process. Combustion analysis revealed that LO has a longer ignition
delay compared to DF, primarily due to its high polyunsaturated fatty acid content. Blending with DEE significantly
reduced the ignition delay, narrowing the gap between LO blends and DF, especially at higher engine speeds.
Additionally, the high unsaturated fatty acid content contributes to increased NOx emissions and potential
deposition issues on engine components. Preheating and engine modifications may help address these challenges
but require further research. Statistical analysis using linear regression models confirmed the significance of the
observed trends, with confidence intervals validating the reliability of the experimental data. The study
emphasizes the importance of understanding the interplay between fuel properties, combustion behaviour, and
engine performance to optimize the use of LO-DEE blends as a renewable alternative to diesel fuel.

Keywords: linseed oil (LO); diethyl ether (DEE); biofuel; viscosity; heat of combustion (LHV); atomization;
renewable energy sources; fuel mixtures.

Introduction

There is no research on detailed analysis of
the physicochemical and combustion properties of
linseed oil and DEE blends, and similar research
exists on the physicochemical properties of
rapeseed oil and DEE mixtures. Therefore, the
objective of this study was to test the effect of
DEE/linseed oil fuel blends to evaluate the
possibility of using such mixtures in diesel
engines, as well as make a comparison of obtained
results with DEE/RO blends.

The study showed that DEE reduces the
density of plant oils. However, values comparable
to DF are possible only for mixtures containing
more than 50% of DEE. It was confirmed that
necessary relationships are very well described by
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linear regression. The linear model also describes
the impact of the DEE/LO ratio on the surface
tension value. It was observed that DEE added to
LO or RO reduces the surface tension of the
blend. In the case of DEE/LO blend it should
promote better atomization of the fuel injected
into the combustion chamber. The DEE/LO
mixture has a lower surface tension than DEE/RO.

At the same time, the addition of DEE to LO
significantly reduces CFPP allowing to use of
such blends in the winter season without the
engine fuel preheating system. In this aspect, the
DEE/LO blends are much more recommended
compared with DEE/RO mixtures. CFPP of
DEE/LO blends is also well described by a linear
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model. An irrational regression shown in this
work better correlates with empirical data.

Research has confirmed the addition of DEE
slightly reduces the LHV of tested plant oils. In
this case relationship between LHV and the
DEE/LO ratio is very well described by the linear
mathematical model. It should be pointed out that
the LHV of the tested DEE/LO or DEE/RO blend
is close to 36-38 MJ/m3, i.e. about 12% less
compared with DF. For this reason, the engine
performance should be adequately reduced. It
means that the top power and torque of an
unmodified engine fuelled with an alternative fuel
blend will be lower compared with DF.

Based on the engine research, it was found
that the ignition delay of LO is significantly
increased compared with DF. This was attributed
to a considerably lower CN of plant oil. However,
it was confirmed that DEE is an effective cetane
improver and it allows for to reduction of ignition
delay of LO. Smoke emission is also adequately
reduced due to the atomization quality of a less
viscous blend being better, and the consequence is
lower smoke emission and slightly higher engine
overall efficiency.

Analysis of modern foreign and domestic
research and publications

Linseed oil, a colorless to yellowish edible
oil, is a colorless to yellowish, edible oil obtained
from the dried, ripened seeds of the flax plant and
produced through expeller pressing and solvent
extraction [1]. The average yield of linseed oil
pressed from the seeds is about 35-50% of seed
weight and the most frequently found fatty acids
in this oil are: palmitic acid, stearic acid, oleic
acid, linoleic acid, and linolenic acid. This oil
contains no significant amounts of protein,
carbohydrates, or fiber [2].

Typical linseed oil contains a high amount of
polyunsaturated fatty acids, especially essential a-
linolenic acid, which is considered to have
beneficial effects on human health and is one of
the highest of all edible oils [3]. A level of a-
linolenic acid causes the oxidative instability of
linseed oil and affects the drying properties of
linseed oil. The content of a-linolenic acid in
seeds varies in different research from 47.7 to 62.9
% and can increase by combining increased
mineral fertilization with intensive crop protection
against weeds [4]. This makes it particularly
suitable for the chemical industry for use as a
component in numerous products such as paints
[5], inks, and varnishes. Oxidative stability has
been improved by altering the fatty acid profile,
lowering a-linolenic, and increasing linoleic acid

( 216

content, but the effects of other compounds that
might be involved in oil stability are under
research with the suggestion that accumulation of
compounds from the phenylpropanoid pathway is
required during last years [6].

Besides that linseed oil has wide application
not only in the chemical industry but also in the
biomedical and fuel industry. Different research
shows the efficacy of linseed oil impact on health,
protecting against the negative consequences of an
unbalanced human diet, preventing the onset of
chronic diseases like atherosclerosis, and reducing
the risk of breast cancer [7], as also LO can be
used as anti-hypersensitive agent based on
a-linolenic acid and lignan content in oil [8].

Linseed oil, a colorless to yellowish edible
oil, is one of the oils, that has an inherently high
amount of mono- and polyunsaturated fatty acids
resulting in one of the longest ignition delays
between all vegetable oils. Detailed research of
different vegetable oils has confirmed that mono-
and polyunsaturated fatty acids those with two or
more double bonds had mostly a greater effect on
ignition delay than fatty acids with just one single
double bond. The fact of usage the Fuel-Ignition-
Tester for the determination of the ignition and
combustion for vegetable oils confirmed at [9] and
mentioned that linseed oil has the longest ignition
delay of 5.93 ms instead of 4.50 ms for rapeseed
oil and 2.58 ms for coconut oil. Such long ignition
delay could lead to a later start of combustion and
a higher local maximum of the speed of pressure
rise resulting in an increase in the amount of fuel
burning in the first combustion phase [10] while
no differences were observed between those oils
in the subsequent combustion phases. Researchers
also confirmed that the ignition delay of vegetable
oils is related to their fatty acid composition — the
ignition delay of the vegetable oils is increasing
with the rising average number of double bonds
while no significant effect on ignition delay was
observed from the average number of carbon
atoms.

It analyzed possible consequences of linseed
oil use by [11] according to which vegetable oils
containing high polyunsaturated fatty acids are
less viscous but contribute to higher NOx
emissions. Therefore, the usage of vegetable oils
with higher saturated and monounsaturated fats
together with the retrofit kit or heating system was
recommended. High values of linoleic/linolenic
acids also could result in higher deposition rates as
these acids react to heat and oxidize polymerizing
on the cylinder walls and injection tips [12].
However, this statement has not won approval in
all tests [13].
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Possible linseed oil usage in diesel engines is
strongly connected to the engine sensitivity on
fuel injection and combustion, and one of the
main parameters is viscosity. Viscosity which is a
measure of the resistance of fluid to a flow, is the
most important parameter for all vegetable oils as
it leaves an impact on the quality of fuel
atomization. The fuel injection system of current
diesel engines accepts the use of fuels with
viscosity values from 1.9 to 5.0 mm?/s at 40 °C
(1.9 to 4.1 mm?s at 40 °C based on standard
ASTM D975, 2.0 to 4.5 mm’/s at 40 °C from
standard EN 590:2004, 3.5 to 5.0 at 40 °C from
EN 14214:2009), while some sources [14]
recommends 1.6 —7.0 mm?/s values for operating
at 40 °C.

Following values of viscosity is important as
fuels with too low viscosity will not provide
sufficient lubrication for the precision fit fuel
injection pumps, resulting in leakage and
increased wear, while higher viscosity means
reduction of spray angle [15], higher Sauter Mean
Diameter (SMD) and lower spray speed than
conventional diesel fuel [16]. From a technical
point of view, the viscosity of vegetable oils
should reach a value close to the upper limit of the
mentioned standards to avoid high viscosity
problems. Regulations concerning fuels from
vegetable oils are limited by DIN V 51605 for
rapeseed oil, as well as further attempts for
standard development for other oils [17].

Highlighting previously unresolved parts
of the overall problem

Linseed oil, unlike most vegetable oils,
stands out due to its low viscosity, which is closer
to the characteristics of diesel fuel, particularly
when added in small amounts, such as 5 % or 9 %.
In spite of this linseed oil viscosity is still higher
compared to diesel having higher resistance to
break-up therefore increase of fuel density
together with viscosity results in a decrease in the
spray angle. Viscosity increase requires more
energy from the fuel pump and reduces the net
power output from the engine.

Density, a measure of the mass per unit
volume, is a temperature-dependent parameter,
that decreases linearly with increasing the
temperature, and knowledge of this tendency is
highly important in the provision of fuel
combustion and its analysis. Viscosity dependency
could be observed also in the case of the addition
of other fuels, like DEE, where values of density
decrease with the increase of DEE by volume. In
the case of blending it could be a more simplified
solution against heating have found that vegetable

Hagpmozaszoea eHepzemuka, 2025, Neo 2(44)

Kryshtopa et al.

oils require preheating to 120 °C minimally to
match the physical properties of diesel fuel
concluding that temperature requirement depends
on engine types and configurations. Besides the
reduction of density during the heating it should
be expected to increase consumption based on
lower energy content per volume in systems with
mechanical injection control, where the fuel is
volumetrically applied in the combustion
chamber. This was also observed in research,
where preheating reduced the density of canola oil
by 5.18% reflecting in the increase of
consumption.

Besides viscosity and density, the surface
tension of fuel also leaves an impact on spray
formation and especially on the formation of fuel
drops. A higher surface tension coefficient
increases the cohesive force, which circumvents
the formation of smaller drops, which increases
the evaporation rate and enhances the mixing of
fuel vapor and air. The realization of such a
process must be supported also by an adequate
spray cone angle, which strongly depends on the
nozzle size and liquid properties for a given
injection pressure. Research with biodiesel-diesel
confirmed that spray cone angle increases with an
increase in both ambient density and injection
pressure differential suggesting the wuse of
preheating of different fuel blends to achieve
values equal to those of diesel fuel. Like other
parameters, surface tension also is affected by a
number of unsaturated bands and the fatty acid
hydrocarbon chain length, where a long fatty acid
hydrocarbon chain tends to increase the surface
tension. Also here preheating is not the best
solution, as research on different vegetable oil
types shows that vegetable oils require preheating
at temperatures not lower than 120 °C to reach
surface tension values corresponding to diesel fuel
at 40 °C.

Cetane number is a dimensionless descriptor
of the ignition quality of diesel fuel, determined
by unbranched chains of fatty acids similar to
those of the n-alkanes of diesel fuel. Chain length
leaves an impact on cetane number, where
decreasing chain length reduces cetane number.
There could be determined also a relationship
between cetane number and ignition delay, where
the higher cetane number determines a shorter
ignition delay. As previously it was mentioned —
linseed oil has one of the longest ignition delays
among vegetable oils and one of the smallest
cetane numbers — 34.6 instead of 37.6 for rapeseed
oil or 42.0 for palm oil. Therefore, the influence of
increased unsaturation on the lowest cetane
number is proven for linseed oil. An increase in
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cetane number is possible by blending oil with
alcohols (like DEE), while the heating value of the
blends will be practically in the same range.

The purpose and tasks of research

The objective of this research is to evaluate
the feasibility of using linseed oil (LO) and diethyl
ether (DEE) blends as alternative fuels for diesel
engines. The purpose of the research is to
investigate the physicochemical and combustion
properties of linseed oil (LO) blended with diethyl
ether (DEE) and explore its potential as a
renewable fuel alternative in diesel engines. The
study aims to address the gap in existing research
on LO-DEE mixtures, focusing on their behavior
in terms of fuel properties and combustion
characteristics. Key tasks of the study include:

1. Physicochemical Property Analysis:

- the relationship between DEE
concentration and the properties of LO-DEE
blends, such as density, surface tension, viscosity,
and lower heating value (LHV).

- comparison of these properties with
conventional diesel fuel (DF) and other biofuels
like rapeseed oil (RO)-DEE mixtures.

2. Combustion Performance Evaluation:

- assessment of the ignition delay, spray
characteristics, and atomization efficiency of
LO-DEE blends compared to diesel fuel.

- identification of the impact of LO’s high
polyunsaturated fatty acid content on combustion
behavior, including its effects on emissions (e.g.,
NOx) and potential deposition issues in the engine.

3. Statistical Analysis:

- use of linear regression models to quantify
relationships between fuel properties and
combustion outcomes, validating the experimental
data's reliability.

4. Optimization for Biofuel Use:

- identifying the optimal balance between
fuel properties and combustion behavior to
maximize the efficiency and performance of LO-
DEE blends as a renewable diesel fuel alternative.

In conclusion, this research aims to enhance
the understanding of LO-DEE mixtures, helping
to optimize their use as an alternative biofuel in
diesel engines while addressing challenges related
to  combustion, emissions, and engine
compatibility.

Highlighting of the main research material
Operability of diesel engine in low
temperature climate zones is characterized by cold
filter plugging point (CFPP). Improper value of
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this parameter of fuel used in low temperature
climate and seasonal conditions can lead to crystal
formation resulting in restriction of flow through
fuel lines and filters. This further can promote
ignition  problems. Like other analyzed
parameters, also CFPP is mainly dependent on the
fatty acid profile of the feedstock. The CFPP
decreases with the increase of the total unsaturated
fatty acid contents, which could be also confirmed
in case of LO instead of RO.

Lower heating value (LHV) is another
parameter, which increases with chain length
while impact of its values is not so rapid as in case
of cetane number. Like density, heating value can
be calculated if weighted averaging of the
property values of the original components is
known. Most impact could be left by two
components: hydrogen and oxygen. LHV
decreases with increase of oxygen and it could
increase with increase of hydrogen. Most
researchers observed drop of rated brake power in
case of reduced lower heating value of vegetable
oils. LO presents lower heating value than diesel
fuel, but almost similar to RO. The DEE was
blended with LO in volumetric ratios of 10, 20
and 30%. These DEE/LO fuel blends are coded as
follows: LO10, LO20 and LO30, respectively.

Measurements of physicochemical properties
of DEE/LO blends were carried out at the
Kazimierz Pulaski University of Technology and
Humanities in Radom. Especially, the density and
kinematic viscosity of the blends were tested
according to requirements of EN ISO 3838 and
EN ISO 3104 standards, respectively. The heat of
combustion of all fuel blends was expressed by
the lower heating value (LHV) measured in
agreement with ASTM D240-02:2007 procedure.
Temperature-dependent parameter i.e. the cold
filter plugging point (CFPP) was examined
according to EN 116:2015 standard. In this study,
the surface tension was also performed in
agreement with ISO 304:1985. All measurements
were repeated three times. The average value
calculated for these repetitions has been used to
prepare necessary figures with empirical results of
this research.

During research the engine was loaded by a
hydraulic dynamometer. The in-cylinder pressure
was measured by an AVL QC34D piezosensor
with a sensitivity of 190 pC/bar and a measuring
range of 0—25 MPa. The engine was also equipped
with a CL80 needle lift sensor with a sensitivity of
0.5 V/mm and a measuring range of 0-2 mm.
Needle lift sensor was made by polish company
ZEPWN. Sensors’ signals were sampled every 0.8
crank angle degree (°CA). Researches were
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carried out for nominal settings of tested engine in
stationary conditions of work at 1000, 1200, 1400,
1600, 1800 and 2000 rpm of the crankshaft under
load of 120 Nm. These measurement points are
typical for the AD3.152 engine operated in middle
and higher loads. In all such conditions 100
consecutive cycles of engine work were recorded
and then processed to calculate the average value
of each analyzed parameters. In this study the
main analysis was focused on the fundamental
combustion parameters i.e.: the ignition delay (ID)
and the engine overall efficiency (EOE).

The ignition delay was determined as a °CA
elapsed between the beginning of needle lift and
the beginning of combustion process. The smoke
opacity (SO) from tested engine was measured
with the AVL 465 diGAS analyzer with accuracy
1%. In each measurement point the opacity was
sampled at 15-second intervals and averaging 10
consecutive readings. The overall efficiency of the
engine was calculated based on the fuel
consumption measurement. In this study the
amount of fuel combusted by the engine was
measured volumetrically in three consecutive
readings. The engine fuel supply and return pipes
were connected with the cylindrical 500 mL
dropping funnel with graduation marks. In each
single test the time of 200 mL fuel consumption
was recorded and then the average value was
calculated.

According to experimental data, density (p)
of DEE/LO and DEE/RO blend tested at 15 °C,
surface tension (o) of DEE/LO and DEE/RO
blend, and lower heating value (LHV) of DEE/LO
and DEE/RO blend have a direct proportional. In
these cases, processing of experiment data was
done using the least squares method. Since any
measurement results contain random errors values
y; will be considered realizations of random
variables. Here we will be interested in
constructing such type of relationship between x
and y as y=a+bx for which errors ¢ in

V; =a+bx; +&; equations would be the smallest,

provided that measurements were made without
systematic errors.

Constructing parameter estimates a and b of
linear regression are minimized by the sum of
squares of errors ¢;.

Let's consider a

f(a,b)=282=2(y—a—xb)2. Where ¢ is
i i=1

errors of experiment, which should be the

smallest. Since it is quadratic, it has a single

extremum point that can be found from the

function
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necessary local extremum conditions —=0,

o

poy =0. Therefore, a system of equations (14) and

(15) is defined as:

Oa i=1
o (1)
éz—ZlZ_]:(y—a—xb)xzo

Formulas (1) allow to get a normal system of
equations (2) necessary for calculating parameters
a, b:

n n
na+ inb = Zyl-;
=1 j=1
n l n 2l n
ina + in b= Zyl-xl-.
i=1 i=1 i=1

Then, linear regression parameters a and b
are expressed by formula (3) respectively:

Z%‘inz _ZJ’ixini

i=1 i=1 i=1 i=1

n ) n 2
anl- - (le}
i=1 i=1

2

b

ZJ’i zxi - ”ZJ’ixi
i=1

b= i=1 i=1 5 ] ) (3)
[z XI-J - Vlz Xl-z
i=1 i=1

As a result of calculations linear dependences
of type y=a+bx were obtained for tested
DEE/LO blend. Values a and b of linear
regression parameters are listed in Table 1.

Table 1 — Linear regression parameters
calculated for selected physicochemical
properties of DEE/LO blends

property linear regression parameters
a b
density 0.931 —0.184
surface tension 32 -26.5
LHV 37.87 —4.3
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Let's consider values y;, =a+ l;xl. obtained by

estimated  regression  formula.  Estimation
regression parameters x and y were found from the
observation of values and using the least squares
method. Differences & =y, -y, are called

residuals which show how well the selective
regression approximates the results of the
observations (x; );). Observation errors g are
independent, normally distributed random
variables. Therefore, if linear model is adequate,
observation results are realizations of independent,
normally distributed quantities.

Statistics of ratio of squared error deviation to

0.

0_2

degrees of freedom regardless of distribution of

variance has distribution ;(2 with n-2

estimates @ and b.

Using this assertion, the confidence intervals
for linear regression parameters and test the
hypotheses about these parameters can be
described. In details, the confidence interval for
parameter a can be expressed as follows:

)f,w
2 2
(Zn—Z)S : (Zn—2)s ’ )
Zﬂ(n—2) ;(I_J(n—2)
2 2

where 27, (n—2) and z{, (n-2) denotes
2 2

quantiles of orders HTyand I_Tyaccording to the

Pearson distribution j° with n—2 degrees of

freedom.
The next step is to find the residual variance

Qe

2 i=1

-2 =2
i—ty,, (n—z)s\/z;&nw (n=2)s,|— |, @
= & 3

and for parameter b:

(bA—tsz(n—2)ng;5+tH;(n—2)s\/g} ,(5)

. 1
where 7, (n—2) denotes quantile of order %

2
of the Student distribution with n—2 degrees of

<

c —\2

0, = Z(xi - x) .

i=1
probabilities of these intervals are equal to y.

Linear regression model will be insignificant
if parameter »b=0. If 0 is not within the confidence
interval for b, then the model will be statistically
significant and will correlate with results of
observations. Confidence interval for forecast y
can be computed from (6).

freedom, Confidence

Confidence interval for variance o of
observation errors is defined as (7):

(6)

Let us choose the confidence probability
y=0,95 and find from the tables quantile of

order H% of Student distribution with (n-2)

degrees of freedom ¢, (n—2)=4,3. Therefore,
2

the confidence intervals for linear regression

parameters for @ and b will be expressed by

formula 8 and 9 respectively.

Because zero does not fall within the
confidence interval for parameter b of linear
regression, then at a significance level of 0.05 the
linear model is significant. Confidence interval for
predicting the value of value of density (p) of

5= n—2 =0,00003829 and debugging DEE/LO and DEE/RO blend tested at 15 ° (see
" , formula 10).
0,=>(x,—-X) =0,05.
i=1
0.929 -4.3-0.006188 &35; 0.929 +4.3-0.006188 }@ =(0.907; 0.951); (®)
0.05 0.05
1 1
~0.17-4.3-0.006188,|——; ~0.17 +4.3-0.006188, |—— | =(-0.289; ~0.051); )
0.05 0.05
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=(0,855;0,951). (10)
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Figure 1 — Variation of ignition delay (ID) for AD3.152 engine operated at 120 Nm

Confidence interval for variance of

observation errors o> looks like (at the level of
7=0,95, le+y (n-2) and
2

reliability
;(f_y (n —2) quantiles of orders I-FTJ/ =0,975 and

=0,025 according to Pearson distribution

(n-2)

Xoors(n=2)=7,38 and g§ s (n—2)=0,051.

2
1=y
2
2

4 with degrees of freedom

(n—2)s2 (n—2)s2
; =(0,00001038;0,001502). (11)
Zzﬂ(n—Z) Zzlj(n—2)
2 2

Thus, calculation of confidence intervals of
linear regression parameters confirms importance
of mathematical model chosen.

For surface tension (o) of DEE/LO and
DEE/RO blend and lower heating value (LHV) of
DEE/LO and DEE/RO blend similar calculations
of confidence intervals of linear regression
parameters were performed, which confirmed
significance of the linear mathematical model.

In this work the selected parameters of
combustion process were also investigated.
Research confirmed that ignition delay (ID) of LO
is bigger (0.8 — 2 °CA) than in case for DF, but it
was observed directly at lower speeds, while in
other conditions the gap slightly narrow down (see
Fig. 1). As it was mentioned previously, there is
possible to observe impact of polyunsaturated
fatty acids in LO allowing to reach such difference
between LO and DF. Here it is seen an impact of
physical delay influenced by fuel properties and
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composition. Addition of DEE reduces value of
LO ignition delay together with viscosity resulting
in wider spray pattern. As it can be seen from
Fig. 1, ID of DF at larger engine speeds (2000
rpm) is similar to DEE/LO blends. Here it is
possible to observe impact of cylinder temperature
and pressure on chemical part of delay period,
which is more pronounced at higher speeds.

Results suggest (Fig. 2) that the engine
overall efficiency powered with LO is slightly
lower than for DF. It can be explained by weak
combustion characteristics stimulated by higher
viscosity and low volatility. DEE addition
increases overall efficiency, especially according
to high level blends like LO20. It can be
associated with lower self-ignition temperature
and surface tension of DEE resulting in complete
combustion of tested blends.

Research did not confirm smoke reduction
for LO (Fig. 3), while it showed smoke reduction
for blends with DEE due to its oxygen content.
Usage of vegetable oils can lead to higher smoke
opacity due to poor atomization and insufficient
time for oxidation, but sometimes there could be
observed also reduction of smoke based on loads
and diffusion combustion intensity. Research
confirmed that advance of injection timing, more
pronounced for LO and LO10, results to oxidation
of the soot particles due to a longer duration and
higher temperatures during expansion stroke
allowing to conclude that increase in ignition
delay leads to poor combustion. Besides of that
combustion quality decreases also  with
unsaturation of LO. DEE addition could resolve
smoke opacity problem, at least at higher speeds.

In overall, DEE leaves better impact on
smoke reduction than LO, where apart from
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Figure 2 — The overall efficiency (OE) calculated for AD3.152 engine operated at 120 Nm
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Figure 3 — Variation of smoke opacity (SO) for AD3.152 engine operated at 120 Nm

dominating factor — molecular structure of DEE,
could be observed also positive impact of lower
viscosity causing a better atomization.

Conclusions

Key parameters analyzed include density,
kinematic viscosity, surface tension, lower heating
value (LHV), and cold filter plugging point
(CFPP). These parameters were measured
according to international standards (e.g., EN ISO
3838, EN ISO 3104, ASTM D240-02:2007, EN
116:2015, and ISO 304:1985). The study also
evaluates combustion characteristics, including
ignition delay (ID) and engine overall efficiency
(EOE), using a Perkins AD3.152 diesel engine
equipped with advanced instrumentation for in-
cylinder pressure and needle lift measurements.

g 222

Experimental  results  demonstrate a
significant linear relationship between DEE
concentration and the physicochemical properties
of LO-DEE blends. For instance, density and
surface tension decreased with increasing DEE
content, leading to improved spray characteristics
and atomization during fuel injection. The LHV of
the blends was slightly reduced compared to
diesel fuel (DF) but remained comparable to
rapeseed oil-DEE mixtures.

The study also found that DEE addition
improved the engine's overall efficiency,
particularly for blends with higher DEE content
(e.g., LO20). This improvement is attributed to the
lower self-ignition temperature and reduced
surface tension of DEE, which facilitate more
complete combustion. Despite these
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improvements, the study identifies several
challenges associated with using LO-DEE blends.
The oxidative instability of LO, influenced by its
high o-linolenic acid content, affects its long-term
storage and performance.

The study emphasizes the importance of

Kryshtopa et al.

foundation for their potential application in diesel
engines. While LO-DEE blends show promise as a
renewable biofuel, further studies are needed to
address challenges related to oxidative stability,
emissions, and engine operability in diverse
conditions.

understanding the interplay between fuel
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AHoTaujifa. Lle aocniaskeHHs 3ocepepgykeHe Ha Gi3MKO-XIMIYHUX Ta XapaKTEPUCTMKaX 3ropsHHA ansHoi onii (LO),
3MiwaHoi 3 aietnnosum edipom (DEE), Ta AocnigxKye il noTeHuUian AN BUKOPUCTAHHA Y AM3ebHUX ABUrYHaX. Xo4a
iCHYIOTb aHasoriyHi gocniarKeHHA ana pinakosoi oii (RO) Ta cymiwen i3 DEE, aetanbHuit aHani3 cymiweit LO-DEE
poci bys BigcyTHIl. JlnsHa onis — npo3opa abo KoBTyBaTa iCTiBHA 0iA, AKY OTPMMYIOTb i3 HaCiHHA NbOHY,
BiA3HAYAETbCA BMCOKMM BMICTOM MOJIHEHACUYEHUX MUPHUX KUCAOT, 30KPEema a-NiHONeHOBOi Kucnotu. Li
BNACTUBOCTI pobnATb ii NPUAATHOK ANS 3aCTOCYBAHHA Y PI3HWUX rany3sx MPOMMCAOBOCTI, BKAKOYAKOUM XiMiYHY,
6iomeguMyHy Ta nannBHY. BogHovac yHiKanbHUI XimiyHWI cknag LO CTBOPIOE AK MOMKIUBOCTI, TaK i BUKAUKK ans il
BUKOPUCTAHHA fAK 6ionanuea. EKcnepuMmeHTasbHi pe3y/ibTaTM MOKasasn CYTTEBY JiHIMHY 3aneXHiCTb MiXK
KoHueHTpauieto DEE Ta ¢isnKko-ximiyHMMM BnactuBocTamu cymiweint LO-DEE. Hanpuknag, rycTMHa Ta NoBepxXHeEBUI
HaTAr 3HMXKYBaAAMCA 3i 36inbweHHAM BmicTy DEE, Wwo npnssoanao Ao NOKpaLeHHA XapaKTepPUCTUK PO3NUAEHHSA Ta
aTomiszauii nig 4Yac BMOPCKYBaHHA nanvBa. Huxkuya Tennota 3ropsHHA (LHV) cymiwel 6yna gewo 3HUMKEHOH
NopiBHAHO 3 AusenbHUM nanueom (DF), ane 3anuwanacsa nogibHow Ao cymiwei pinakosoi onii 3 DEE. Xoua
B'A3KicTb LO € HMXKYOK nopiBHAHO 3 6araTbma iHWMMM POCAMHHMMM ONIAMW, BOHA BCE X BULLA, HIX Yy
TPagMUiMHOIrO AM3eNbHOro ManuBa, WO MOXe BMAMBATM Ha KyT pPO3NuieHHA Ta edeKTUBHICTb aToMmisauii.
[JopaBaHHA DEE epeKTMBHO 3MeHLYyBano B'A3KICTb, MOKpPALLYOYM Npouec 3ropsAHHA. AHani3 3ropAaHHA NOKasas, Wo
LO mae poBWwKIA Yac 3aTPUMKM 3anasitoBaHHA MopiBHAHO 3 DF, rosoBHMM 4YMHOM Yepe3 BUCOKUIM BMICT
NONIHEHACUYEHUX HKUPHUX KMcnoT. MNpoTte 3miwysBaHHA 3 DEE cyTTeEBO CKOpOYYyBano 3aTPUMKY 3anantoBaHHSA,
3MEHLYIYM po3pMB MiX cymiwamm LO Ta DF, 0co61MBO 3a BMCOKMX LIBMAKOCTEN ABUryHa. Kpim Toro, BUCOKUIA
BMIiCT HEHACMYEHUX XKUPHUX KucaoT y LO cnpusie nigsuweHHo Buknais NOx i moxe cTBoptoBaTM npobnemu 3
BiAKNALEHHAMM Ha KOMMOHEHTax ABUryHa. lMonepeaHe HarpiBaHHA nanueBa Ta MoAudiKauia ABUIyYHA MOXKYTb
[OMOMOITK BUPIWWUTU Ui npobnemun, ane noTpebyoTb noganbwunx pocnigxeHb., CTaTUCTUYHWIM aHani3 i3
BUKOPUCTAHHAM NiHIMHUX perpecinHux mogenei nigTsepAmnB 3HaAYYLLICTb CNOCTepeKyBaHUX TeHAEHUIN, a AoBipYi
iHTEepBanM 3acBiAYMAM HALIMHICTbD eKCnepuMeHTaNbHUX AaHuX. [OCNiAMKeHHSA Haro/ioWwye Ha BaXKAMBOCTI
PO3yMiHHA B3aEMO3B’A3KY MiXK BNaCTMBOCTAMMW ManMBa, NOBEAiHKOO NPU 3ropAHHI Ta XapakTepuctukamm pobotm
OBWUTYHa 415 onTUMI3aLii BUKopucTaHHA cymiwen LO-DEE sK BigHOBAOBAIbHOIO aHa/iora AN3enbHOro naamea.

Knwouosi cnosa: nnsHa onis (LO); apietmnosuit edip (DEE); b6ionanuso; B’A3KicTb;, TennoTta 3ropsHHA (LHV);
aToMi3aLlia; BigHOBAIOBANbHI AXKepena eHeprii; Cymilwi naaunea.
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