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ABSTRACT

The article presents the laboratory tests results of the influence of the diesel oil content in a mixture with rapeseed
oil on the operating parameters of a diesel engine with the common rail fuel supply system. Fuel mixtures with a
rapeseed content of 0, 50, 70, 100% were used. The article presents the results of tests carried out for various con-
figurations of the object. The measurements included tests of exhaust gases: the content of carbon monoxide, car-
bon dioxide, hydrocarbons, nitrogen oxides as well as specific fuel consumption and exhaust gas temperature. As
a result of the research, it was noticed that the use of rapeseed oil causes a significant increase in fuel consumption
and an increase in emissions. At a crankshaft speed of 2500 rpm and a torque generated by the engine crankshaft of
12 Nm, the specific fuel consumption for a 0% rapeseed content is 310 g/kWh. For the same engine operating con-
ditions and the same rapeseed content of the fuel, the fuel consumption for 100% rapeseed content is 330 g/kWh.
For the same engine operating parameters, analysis of the carbon dioxide content in the exhaust gas yields a value
of 7.8x10* ppm for a rapeseed content of 0%. For the same engine operating conditions and for the oilseed rape
content in the fuel is 100% 8.4x10* ppm. The mathematical models describing the effects of engine operating
parameters and rapeseed oil content in the mixture on the observed values were created with the Scilab program.
The degree of agreement of the determined mathematical models was checked by calculating the coefficient of
determination (R2). The results are shown in 3D figures.
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INTRODUCTION

One of the European Union’s priorities is
to reduce greenhouse gas emissions [1]. Road
transport is the largest source of greenhouse
gas emissions in the European Union [2]. More
and more restrictive legal regulations are being
introduced [3]. In 2020, the average carbon di-
oxide emissions for vehicles sold by individual
brands must have been below 120 g/km. As of
January 1, 2021, this limit has been lowered to
95 g/km. The reduction in average CO, emis-
sions of 95 g/km is the strictest in the world [4].
For comparison —in 2021 this limit in the United
States was 125 g/km, in Japan it was 122 g/km
and in China it was 117 g/km [5].
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In July 2021, the European Commission ad-
opted a package of legislative proposals called
“Fit for 55” as part of the European Green Deal,
which aims to strengthen the EU’s position as
a global climate leader [6]. The most important
assumptions of the new regulations include the
revision of the directive on alternative fuels
infrastructure as well as the amendment of the
existing regulation that sets CO, emission stan-
dards for passenger cars and vans [7]. The new
regulations introduce a requirement to reduce
average emissions from brand new cars by 55%.
from 2030 and by 100% five years later [8]. This
means that it will not be possible to sell new
cars with internal combustion engines in the EU
from 2035 [9].
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Therefore, automotive companies are forced
to use more and more advanced technologies [10].
The elements that are being introduced include:
more efficient and less fuel-consuming combus-
tion engines [11], alternative methods of power-
ing vehicles (electric cells, fuel cells) as well as
alternative fuels and biofuels, such as ethers, es-
ters, alcohols or hydrocarbon fractions obtained
from biomass [12].

The growing interest in new fuel components
results from several factors [13]. The first is, of
course, environmental considerations [14]. No
less important are the economic conditions: an
increase in the prices of crude oil and natural gas
and the depletion of their existing deposits [15].
Certain political factors are of importance as
well: dependence on the supply of raw materials
from abroad as well as the requirement to reduce
greenhouse gas emissions to the atmosphere,
which results from international agreements [16].

The use of ever increasing amounts of bio-
based fuels in diesel engines leads to changes in
the combustion process in the engine chambers,
due to their different characteristics [17, 18].

The available literature lacks sufficient objec-
tive information about the influence of biofuels
on injection systems [19] and combustion pro-
cesses [20]. The experimental tests will make it
possible to determine the phenomena that occur
during the combustion process when the type of
fuel is changed, and may help to optimize the en-
gine parameters. The basic research on combus-
tion processes can provide knowledge on how to
modify operational diesel engines for the use of
biofuels [21].

The research presented in the paper was car-
ried out on a stand with a single-cylinder engine,
with the possibility of modifying various factors
that affect the combustion process.

New at work is the use of the common rail
system for a single-cylinder engine with a power
output of 5.7 kW.

MATERIALS AND METHOD

The aim of the paper and the
extent of research

The aim of the research was to measure the
operating parameters of a Farymann 18W com-
pression-ignition engine powered by various
types of fuels.

The scope of the research included the fol-

lowing types of fuels:

e diesel fuel (100% diesel);

e rapeseed oil (100% oil);

e a mixture of rapeseed oil and diesel oil (70%
oil + 30% diesel);

e a mixture of rapeseed oil and diesel fuel (50%
oil + 50 % diesel).

The scope of the research included changes in
the following parameters:
e rotational speed: 2000, 2500 rpm;
e torque: 2—-12 Nm.

The measured and determined engine param-
eters — exhaust gas concentration:
e carbon monoxide content ppm (CO);
e carbon dioxide content ppm (CO,);
e hydrocarbon content ppm (HC);
e content of nitrogen oxides ppm (NO,).
Measurements on the stand:
unit fuel consumption g/kWh (g );
e exhaust gas temperature °C (T)).

Test stand

The test stand was built on the basis of the
Farymann serial production diesel engine — type
18 W Marine “Yellow River Star” (FD18WM)
[22]. It is a four-stroke, compression-ignition,
naturally aspirated, direct injection engine [23].
The engine has one vertically positioned cylin-
der with a displacement of 290 cm®. The cylin-
der diameter is &d = 82 mm, the piston stroke
is s = 55 mm. The result is the ratio of the piston
stroke to the cylinder diameter s/d = 0.6875. The
chamber capacity in the piston is VK = 10.6 cm?,
the compression ratio is € = 20. Figure 1 shows
the test engine and its basic parameters.

In order to ensure the correct interaction of in-
dividual elements of the test stand, i.e. the engine,
power supply system, exhaust gas system, cooling
system as well as the clutch, electrical brake and
control-measurement system, these components
were placed in a specially constructed frame.

The fuel supply system was modified and
parts of the original mechanical injection sys-
tem were removed and replaced with the Com-
monRail (CR) electronic fuel injection system.
The CR system consists of a fuel intake section,
a replaceable in-line filter, a low pressure pump,
a temperature stabilizer, a high pressure CR fuel
pump, a receptacle — a pressure accumulator
known as the Rail, and a CR injector. Figure 2
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Model 18W
Cylinder position upright
Number of cylinders 1
Diameter mm 82
Stroke mm 55
Displacement cm?® 290
Oil usage g/kWh 1
Amount of ol | 1
(3000 min™") kW (PS) 5.70 (7.75)
Max. Power (3600 min™) | IFN-ISO kW (PS) 5.20 (7.07)
ICFN-ISO kW (PS) 4.70 (6.39)
Average piston speed at maximum rotational mis 6.6 / 3600
speed
Compression ratio 20:1
Fuel tank capacity | 4
Max rotational speed min™! 3600
Max torque Nm (min™) 16.7 (2400)
Weight excluding fluids kg 37
Water demand with direct cooling I/min 7-8

Fig. 1. Diagram and main dimensions of the Farymann 18W engine

presents an 18W motor installed on the test stand
and elements of the power supply system.

The fuel intake section was positioned in
such a way as to conveniently change the type
of fuel supplied and to enable the measurement
of its consumption. For this purpose, a stand was
constructed and equipped with replaceable recep-
tacles and an electronic scales for measuring the
amount of fuel consumed.

The exhaust gas system consisted of an ex-
haust manifold, a bellows compensator (installed
to compensate for vibrations) and two mufflers
arranged in series. There are gas-tight gates in the
exhaust system for the installation of a thermo-
couple for measuring exhaust gas temperature,
probe tips for measuring the chemical composi-
tion of exhaust gases and a probe for measuring
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exhaust opacity. The exhaust system is connected
to a chimney system with a high temperature re-
sistant rubber conduit that carries exhaust gases
outside the building.

Measurement devices

The tests were carried out on a measuring
stand equipped with:

e three-phase synchronous generator type ECO
28-1L/2 from Mecc Alte for torque loading
of the engine to be tested. It is a brushless
synchronous three-phase current generator
in which the braking torque is regulated by
changing the excitation current;

e 2000 Series Torque Meter from NTCE AG for
measuring the engine torque and the crank-
shaft speed of the engine;
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Fig. 2. Test stand: a — an 18W engine installed on the test stand; b — elements of the supply system: 1 — fuel
filter, 2 — low pressure pump, 3 — temperature stabilizer, 4 — high pressure CR pump, 5 — CR pump drive motor

e scales Radwag WLC 20/A2 for measuring the
mass of fuel consumption by the engine;

e mass Flowmeter from Sierra Instruments Inc.
Type 620S Fast-Flo for measuring the air mass
delivered to the engine;

e multifunction  exhaust gas  analyzer
GA-40 T plus MADUR for measuring exhaust
gas components;

e PC with M-Series multifunctional PCI cards
and National Instruments’ LABVIEW soft-
ware for controlling and recording test results.

Fuels

Table 1 presents the physicochemical param-
eters of the fuels used in the tests [24, 25].

Tabela 1. Basic properties of fuels used in tests

RESEARCH RESULTS

The experimental tests of the engine were
carried out for various engine operating param-
eters and different fuel mixture compositions. The
example results of the conducted experiments are
presented below. Each of the experimental points
in the graphs below equals the mean of the values
obtained during the test. The way in which the ex-
perimental studies are carried out corresponds to
the research methodology of other authors [26].

Exhaust gas tests

Figure 3 shows the change in the CO (car-
bon monoxide) content as a function of the

Properties Diesel Rapeseed oil
Density kg/dm? (15°C) 0.817-0.856 0.91-0.92
Kinetic viscosity (mm?/sec) (20°C) 2.90-5.50 68-97.7
Calorific value MJ/kg 42.7-43.5 36.7-37.7
Calorific value MJ/dm? 35.69-35.75 33.7-34.04
Cetane number LC 47.10-58.60 40-44
Molar mass kg/kmol 120-320 882-883
Stoichiometric oxygen demand kg_, /kg,, 14.57 12.43
Elemental analysis
C (%) 86.0-86.4 77.0-78.0
H (%) 13.4014.0 10.0-11.7
O (%) - 10.5-12.0
CFPP (°C) +2-35 +5....+18
Condradson number (M%) 0.01-0.04 <0.01-0.5
Sulphur content (%) 0.03-0.22 0.009-0.012
Ignition temperature (°C) 20-84 317-324
Content of aromatic compounds (%) 215 -
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composition of the fuel mixture as well as torque
and rotational speed.

At a crankshaft speed of 2500 rpm and a
torque generated by the engine crankshaft of
12 Nm, CO content in the exhaust gas for the oil-
seed rape content in the fuel 0% is 2250 ppm. For
the same engine operating conditions and the oil-
seed rape content 100% 3400ppm. The results of
the study also confirm scientific observations of
other authors [27].

Figure 4 shows the change in the CO, (carbon
dioxide) content as a function of the composition
of the fuel mixture as well as torque and rotation-
al speed.

At a crankshaft speed of 2500 rpm and a
torque generated by the engine crankshaft of
12 Nm, the CO, content in the exhaust gas for
the oilseed rape content in the fuel 0% is 7.8 x
10*ppm. For the same engine operating condi-
tions and oilseed rape content 70% 8.2 x 10*ppm.

n 2000 rev/min
3500

Rapeseed cont. 0%
3000 F Rapeseed cont. 50%
Rapeseed cont. 70%
Rapeseed cont. 100%

2500

2000

CO ppm

1500 -

1000

500

Ik
|

2 4 6 8 10 12
M Nm

Figure 5 shows the change in the HC content
(hydrocarbons) as a function of the composition
of the fuel mixture as well as torque and rotation-
al speed.

At a crankshaft speed of 2500 rpm and a
torque generated by the engine crankshaft of 12
Nm, an HC content in the exhaust gas is obtained
for the oilseed rape content in the fuel 0% is
320 ppm. For the same engine operating condi-
tions and oilseed rape content 100% 1200 ppm.

The change in the NO_(nitrogen oxides) con-
tent as a function of the fuel mixture composition
as well as torque and rotational speed is shown in
Figure 6.

At a crankshaft speed of 2500 rpm and a
torque generated by the engine crankshaft of
12 Nm, a NO_ content in the exhaust gas was
reached for the oilseed rape content in the fuel is
680 ppm. For the same engine operating condi-
tions and oilseed rape content 100% was 670ppm.

n 2500 rev/min
3500

= Rapeseed cont. 0%
3000 Rapeseed cont. 50%
= Rapeseed cont. 70%
Rapeseed cont. 100%

2500

2000

CO ppm

1500+

1000+

500 f

2 4 6 8 10 12
M Nm

Fig. 3. Carbon monoxide content ppm (CO): M — torque Nm; n — rotational speed rpm; CO — CO content ppm

x10° n 2000 rev/min

= Rapeseed cont. 0%
- Rapeseed cont. 50%
—— Rapeseed cont. 70%
= Rapeseed cont. 100%

2 4 6 8 10 12
MNm

x10° n 2500 rev/min

= Rapeseed cont. 0%
——— Rapeseed cont. 50%
= Rapeseed cont. 70%
L Rapeseed cont. 100%

2 4 6 8 10 12
MNm

Fig. 4. Carbon dioxide content ppm (CO,): M — torque Nm; n — rotational speed rpm; CO, — CO, content ppm
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n 2000 rev/min

1200} | = Rapeseed cont. 0%
= Rapeseed cont. 50%
== Rapeseed cont. 70%

1000 Rapeseed cont. 100%
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Fig. 5. Hydrocarbon content ppm (HC): M — torque Nm; n — rotational speed rpm; HC — HC content ppm
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Fig. 6. Nitrogen oxides content ppm (NO ): M — torque Nm; n — rotational speed rpm; NO_—NO, content ppm

Scientific studies by the authors of the article [28]
have shown that NO_emissions are reduced when
the engine is run on rapeseed oil compared to die-
sel fuel.

The change in specific fuel consumption
is shown in Figure 7. At a crankshaft speed of
2500 rpm and a torque generated by the engine
crankshaft of 12 Nm, the specific fuel consumption
for the oilseed rape content in the fuel is 310 g/kWh.
For the same engine operating conditions and oil-
seed rape content 100% was 340 g/kWh.

Figure 8 shows the change in exhaust gas tem-
perature as a function of the fuel mixture compo-
sition as well as torque and rotational speed.

At a crankshaft speed of 2500 rpm and a
torque generated by the engine crankshaft of 12
Nm, an exhaust gas temperature for the oilseed
rape content in the fuel is 0% was reached 285 °C.
For the same engine operating conditions and the
oilseed rape content 100% was 310 °C.

Table 2 presents the summary of the results
of the estimation of partial correlation coefficients
that determine the influence of independent vari-
ables on the observed values.

In the prepared experiment, fuel mixtures with
a rapeseed content of 0, 50, 70, 100% were used.
Table 2 shows the values of the partial correlation
coefficients used to determine the effect of the indi-
vidual independent variables (torque, speed, rape-
seed content) on the individual observed values.
These are dimensionless values in the range 0—1.

The numerical nonlinear regression tool (data-
fit function) included in the Scilab package was
used to create mathematical models to describe
the effects of engine operating parameters (crank-
shaft speed, crankshaft torque) and the rapeseed
oil content of the mixture on the observed values
(CO,CO,,HC,NO,, g, T).

The degree of agreement of the resulting math-
ematical models was checked by calculating the
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n 2000 rev/min n 2500 rev/min
7501 750
Rapeseed cont. 0% = Rapeseed cont. 0%
7o0p ——— Rapeseed cont. 50% 700f Rapeseed cont. 50%
650 —— Rapeseed cont. 70% 650 - - Rapeseed cont. 70%
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Fig. 7. Change of specific fuel consumption g/lkWh (g ): M — torque Nm; n
— rotational speed rpm; g_— specific fuel consumption g/lkWh
n 2000 rev/min n 2500 rev/min
350 3501

= Rapeseed cont. 0%

= Rapeseed cont. 50%
300} | = Rapeseed cont. 70% 300}
Rapeseed cont. 100%
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Fig. 8. Change of exhaust gas temperature g/lkWh (T): M — torque Nm;
n — rotational speed rpm; T_— exhaust gas temperature °C

coefficient of determination R? (coefficient of deter- y — arithmetic mean of the empirical val-
mination) according to the following dependencies: ues of the explained variables (based on
model).
n )2

R? = i1 i = _y ) (1) A summary of the results of fitting the applied
=1 (i = ¥)? quantitative models is presented in Table 3 — M
— torque Nm; N — rotational speed rpm; R — rape

where: y; —i-th observation of variables y; content %.
Ymi — theoretical value of the explained Figure 9 shows the image of the mathemati-
variable (based on the model); cal model of CO and CO, content change — M

Tab. 2. The summary of the results of the estimation of partial correlation coefficients that determine the
influence of independent variables on the observed values

Variable Partial corr. | Partial corr. of | Partial corr. | Partial corr. of | Partial corr. Partial corr.
of CO CO, of HC NO, of g_ of T.
Torque M, Nm 0.7021 0.9915 0.6561 0.7020 -0.7650 0.9123
Rape Content R, % 0.2286 0.0413 0.3883 -0.1017 0.0765 0.1096
Rotational Speed n, rev/min -0.0010 0.0239 -0.3302 -0.1831 0.0367 0.2744
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Table 3. The results of fitting the applied quantitative models

Parameter Model R?
cO CO = b1*M"2 + b2*M + b3*R"2 + b4*R + b5 0.8295
CO, CO2 = b1*M"2 + b2*M + b3*R"2 + b4*R + b5 0.9971
HC HC = b1*M"2 + b2*M + b3*R"2 + b4*R + b5*n + b6; 0.8248
NO, NOX = b1*M"2 + b2*M + b3*R"2 + b4*R + b5*n + b6; 0.5583

g, ge = b1*M"2 + b2*M + b3*R"2 + b4*R + b5 0.8709
T. Ts = b1*M"2 + b2*M + b3*R*2 + b4*R + b5*n + b6; 0.9675

50

Rapeseed cont. % 0 2 M Nm

Rapeseed cont. % 0 2 M Nm

Fig. 9. Image of the mathematical model of CO and CO2 content change

120047
10004
800 -

HC ppm

600 °
400
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100

% :

Rapeseed cont. % 0 2 MNm

Rapeseed cont. % 0 2 M Nm

Fig. 10. Picture of the mathematical model of HC and NO, content change

— torque Nm; CO — carbon monoxide content
ppm; CO, — carbon dioxide content ppm.

Figure 10 shows the image of the mathemati-
cal model of the change in HC and NO, content
— M — torque Nm; HC — hydrocarbons content
ppm; NO, — nitrogen oxides content ppm; n — ro-
tational speed: 2000 rpm, 2500 rpm.

Figure 11 shows the image of the mathemati-
cal model of the change g 1 T, — M — torque Nm;
g, — specific fuel consumption g/kWh; T — ex-
haust gas temperature °C; n— rotational speed:
2000 rpm, 2500 rpm.

The speeds used (2000 rev/min, 2500 rev/
min) result from the position of the maximum
torque of the engine (2400 rev/min, 16.7 Nm).
The use of a maximum torque of 12 Nm in the
tests resulted from the limitation of the maximum
permissible smoke level.

CONCLUSIONS

On the basis of the conducted research, it can
be concluded that the use of rapeseed oil increases
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9 9/kWh

100 12

Rapeseed cont. % M Nm

Rapeseed cont. % 0 2 M Nm

Fig. 11. The image of the mathematical model of the change of the contents of g and T,

the opacity of exhaust gases. In order to maintain
the same exhaust opacity value under the rated
conditions as in the case of diesel fuel, the engine
power should be reduced by approx. 3%. The use
of rapeseed oil increases the fuel consumption of
the engine by 6 to 13%. The use of diesel fuel with
the addition of rapeseed oil causes an increase in
CO, CO,, THC emissions and a decrease in NO,
emissions. The characteristics of the engine pow-
ered by fuels with 70% and 50% rapeseed oil ad-
ditions are in between those obtained for diesel oil
and pure rapeseed oil. It appears advisable to mod-
ify the combustion chamber in such a way that the
incineration process of rapeseed oil is carried out
correctly. It appears advisable to conduct research
on optimization of the injection advance angle
for rapeseed fuels. It should also be noted that the
calorific value of rapeseed oil is about 10% lower
than that of ON. This results in a reduction in the
engine power with the same fuel quantities.
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