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EFFECT OF BIOBUTANOL-SUNFLOWER OIL-DIESEL FUEL BLENDS
ON COMBUSTION CHARACTERISTICS OF COMPRESSION IGNITION ENGINE
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Based on many regulations the biofuels are widely used in combustion engines. The operational parameters, such as performance
parameters or emission production, are often monitored. The essence of changes to these operational parameters is related to
the effect of biofuels on the course of cylinder pressure inside the combustion chamber. The contribution deals with the effect
of biobutanol-sunflower oil-diesel fuel blends on the performance parameters, the behaviour of the cylinder pressure of the
compression ignition engine during combustion, and exhaust gas temperature. Biobutanol-sunflower oil-diesel fuel blends in
ratios of 10-20-70% and 20-20-60% were used as test fuels, with diesel fuel used as a reference. Turbocharged four-cylinder in-
line Cl engine Zetor 1204 installed in the tractor Zetor Forterra 8642 was used for measurement. Based on the results, it can be
stated that with higher amount of butanol in the fuel mixture, the maximum value of cylinder pressure decreases, especially at

a high engine load.
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There are different approaches to the effort to reduce the
environmental impact of transportation and agricultural
machinery operation (Tulik et al., 2014; Beloev et al., 2017;
Tkac et al., 2017). The utilization of variety of biofuels as
an alternative to the fossil fuels in combustion engines
contributes to this effort. Biofuels based on vegetable oils or
alcohols are most commonly used for Cl engines (Babu et al.,
2017; Birzietis et al., 2017; How et al., 2018; Mat et al., 2018).

In comparison with diesel fuel, vegetable oil is denser
and has a higher viscosity, higher flash point, lower calorific
value, higher surface tension, higher oxygen content and
lower carbon content (Franco and Nguyen, 2011; Esteban
et al.,, 2012). It can be used as an admixture to diesel fuel
or other fuel blends (Franco and Nguyen, 2011). According
to Masjuki et al. (2001) and Mat et al. (2018), a fuel blend
containing 30% vegetable oil and 70% diesel fuel can be
burned in Cl engine without need for modification of the
engine or preheating the fuel.

According to Shah and Ganesh (2016) and Shah et al.
(2018), vegetable oil increases the cylinder pressure due to
longer ID as a result of high level of unsaturated fatty acids
and advanced injection.

In order to reduce the viscosity of the fuel without
preheating, alcohol-based fuel admixtures can be used.
Butanol is a second generation biofuel and can be used
as a fuel admixture for Cl engines in order to decrease the
viscosity of the fuel blends containing biodiesel or vegetable
oil (Atmanli et al., 2015; Babu et al.,, 2017).
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In comparison with ethanol, butanol has a lower auto-
ignition temperature, higher calorific value and is less
evaporative. It also has a higher cetane number and better
lubricating ability than ethanol and methanol. It is also less
corrosive and better miscible with vegetable oils, diesel and
FAME (Honig et al,, 2015a, 2015b; Miiller et al.,, 2015).

The addition of butanol to neat vegetable oil or
biodiesel reduces the cetane number and viscosity of the
blends, which leads to better mixing and higher premixed
combustion (Rakopoulos, 2013). The addition of butanol
to vegetable oil-diesel fuel blends causes decrease of peak
cylinder pressure, especially in high engine load, due to
retarded start of combustion, caused by low cetane number
of butanol, and large heat of evaporation of butanol (Sharon
et al., 2013; Imtenan et al., 2015; Babu et al., 2017).

The purpose of this contribution is to experimentally
verify the influence of n-butanol-vegetable oil-diesel fuel
blends on performance parameters, cylinder pressure
profile, and HRR profile during combustion.

Material and methods

The measurement was performed using turbocharged Cl
engine Zetor 1204 installed in the tractor Zetor Forterra
8641 (Fig. 1). The engine parameters are listed in Table 1.
The engine is unmodified and its operating time does not
exceed 150 operating hours.
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Table 1 Parameters of used Cl engine Zetor 1204
Manufacturer and type Zetor 1204
No. and arrangement of cylinders 4, in-line
Air flow Turbocharged
Rated power 60 kW at 2,200 min™ (53.4

kW on PTO)

Maximum torque 351 Nm (312 Nm on PTO)
Engine displacement volume 4.156 |
Cylinder bore X stroke 105X 120 mm
Compression ratio 17

Mechanical in-line

Fuel system o
injection pump

Injection type Direct injection

Combustion chamber Bowl-in-piston

Injector nozzle Multihole
Start of injection (SOI) -12 °ATDC
Injection pressure 22 MPa
Valve mechanism OHV
Valves per cylinder 2

ATDC - after top dead centre

The engine was loaded through the PTO using mobile
dynamometer MAHA ZW 500 (Fig. 1). The dynamometer
has maximum torque of 6,800 Nm (torque measurement
inaccuracy <1%), maximum braked power of 500 kW and
maximum rotation speed of 2,500 rpm. The data from
the dynamometer were stored using data acquisition
unit, provided by manufacturer, at a hard drive of PC with
frequency of 10 Hz. The exhaust gas temperature sensor,
fuel temperature sensor and ambient conditions sensors
(atmospheric pressure, temperature and humidity) were
also connected to the MAHA data acquisition unit. The
losses in the gearbox have no effect on the comparative
measurement of the influence of fuel on the operational
parameters of the engine and therefore are not taken into
consideration.

The position of the crankshaft was measured using
incremental sensor SICK DKS with 3 channels (2 with 360
impulses per revolution - used for measurement, and 1 with
1 impulse per revolution - used as a trigger).

The cylinder pressure was measured by means of
piezoelectric pressure sensor Optrand (model C322-GPA,
measuring range 0-20.7 MPa, accuracy 1%), mounted
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Fig.1 Dynamometer MAHA ZW 500, connected to the tractor
Zetor Forterra 8641

instead of the glowplug. For each impulse from the
incremental sensor, the value of cylinder pressure was
recorded (measurement resolution = 1 °CA).

The mixtures of sunflower oil, diesel fuel and n-butanol
were selected as test fuels. Diesel fuel with no bio-additives
was used as a reference. Basic properties of the tested fuels
are shown in Table 2. The values of density and viscosity
were measured by means of Stabinger Viscometer SVM
3000 manufactured by Anton Paar GmbH (viscosity range
0.2-30,000 mm? 5™, density range 0.6-3 g cm™, measuring
accuracy <1%, repeatability 0.1%). The calorific values of
the tested fuels were measured by means of isoperibol
calorimeter LECO AC600 (measuring range 23.1-57.5 MJ kg’
for a 0.35 g sample, accuracy 0.1% RSD) according to CSN
DIN 51900-1 and CSN DIN 51900-2. Following fuel blends
were used for the measurement:

— 100% diesel fuel with no bio-additives (D100),

— 70% diesel fuel / 20% sunflower oil / 10% n-butanol
(SO20BUT10),

- 60% diesel fuel / 20% sunflower oil / 20% n-butanol
(SO20BUT20).

The monitored engine modes were selected from the
8-point NRSC test cycle, which is standardized for the used
engine type by ISO 8178-4 (type C1). The points for the
NRSC test are established according to the external rotation
speed characteristics of the engine and defined by engine
load and speed. In order to analyse the effect of n-butanol-
-sunflower oil-diesel fuel blends on the cylinder pressure
and performance parameters, the following measurement
points were selected:

- idle - measurement point no. 1,
- maximum torque at corresponding
measurement point no. 2,

speed -

Table 2 Basic properties of the utilised fuels
Fuel Density at 15°C (kg m™) | Calorific value (MJkg') | Viscosity at 40 °C (mm?s™) Cetane number
D100 819.13 43.15 1.798 50**
N-butanol 815.27 33.1 2.266 17%**
Sunflower oil 924.05 37.01 31.148 35.8*
SO20BUT10 837.1 40.72 2.849 =
SO20BUT20 836.35 39.74 2.834 =

Source: *Cisek and Szlachta, 2001; **EN 590, 2013; ***Atmanli et al., 2015
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- maximum power at rated speed — measurement
point no. 3.

Each measurement point was stabilized and the data
recorded for approx. 60 seconds, in order to eliminate cycle
to cycle variations. Software MS Excel was used for data
processing. ANOVA was used to evaluate the peak cylinder
pressure values at all measured points.

HRR, as the most effective way to obtain information
about the combustion process, was calculated according
to Eg. (1). The calculation is based on the first law of
thermodynamics and does not take into account the heat
transfer trough the cylinder walls. Mixture preparation,
fuel vaporization, non-equilibrium and non-homogenous
conditions do not have to be taken into account (Ozsezen
et al., 2008; Imtenan et al., 2015). In order to eliminate noise
effects, the Savitzky-Golay smoothing filter was used on the
recorded pressure data:

de y-1 do y-1 do
where:
dQ/dO- heat release rate, J/°CA
%4 - instantaneous cylinder volume, m3
p - instantaneous cylinder pressure, Pa
0 - crankshaft angle, deg
Y - ratio of specific heats at constant pressure and

volume (considered constant at 1.35 (Heywood,
1988; Imtenan et al., 2015))

The ID is the period between SOI and SOC. In the case
of the utilised engine, the SOl is kept constant at -12 °ATDC.
SOC can be determined by various methods (Aldhaidhawi
et al,, 2017). According to some sources (Heywood, 1988;
Aldhaidhawi et al., 2017), change of slope in the HRR profile
defines the SOC, other sources (e.g. Imtenan et al., 2015)
state that SOC occurs once the HRR becomes positive. The
moment when HRR becomes positive was used for SOC
determination in the observations performed.

In Fig. 2, the external rotation speed characteristics,
measured using tested fuels, is shown. It can be seen that
the engine reached similar values of torque and power
operating on fuel blend SO20BUT10 (the difference of 0.67%
falls below the measurement accuracy).

When operating on blend SO20BUT20, the engine
reached lower values of maximum torque by approx.
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Fig.2 The external rotation speed characteristics, reached
with the tested fuels
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Fig.3 Cylinder pressure profile in dependence on crankshaft
position for all tested fuels at point no. 1

3.8% and power by approx. 2.8% in comparison with the
diesel fuel. This decrease of performance parameters is
caused above all by low calorific value and cetane number
of n-butanol in the mixture. From the external speed
characteristics the individual measurement points were
established for each tested fuel. The engine speed, torque
and power for all tested fuel can be seen in Table 3.

In Figs. 3 and 4, the cylinder pressure profile and the
HRR during combustion in dependence on the angle of
the crankshaft for measurement point no. 1 are shown.
The cylinder pressure offers information about the direct
utilization of released heat for useful work. It can be seen
that with increasing amount of n-butanol in the fuel blend,
the ID is increased as the result of low cetane number of
n-butanol. The ID for all tested fuels at all measured points is
listed in Table 4. In addition, before the start of combustion
the decrease of cylinder pressure in comparison with D100
fuel can be seen. This may be caused by the evaporation of
the n-butanol in the fuel blend during ID, since n-butanol

Table 3 Parameters of the measurement points for all tested fuels
Fuel Point 1 Point 2 Point 3
torque speed power torque speed power torque speed power
Nm rpm kW Nm rpm kw Nm rpm kW
D100 0 730 0 215.37 2201.77 49.66 297 1537.71 47.83
SO020BUT10 0 730 0 211.66 2202.29 48.81 297.22 1531.83 47.68
S020BUT20 0 730 0 203.85 2202.63 47.02 283.58 1560.24 46.33
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Fig.5 Cylinder pressure profile in dependence on crankshaft
position for all tested fuels at point no. 2
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Fig.6 HRR profile in dependence on crankshaft position for
all tested fuels at point no. 2

has higher heat of evaporation than diesel fuel (Imtenan et
al,, 2015; Xiao et al., 2017).

From Fig. 4 it is evident that at measurement point no.
1 (idle), the main part of heat is released during premixed
part of the combustion, with the highest peak of HRR is
reached with fuel SO20BUT20. This also reflects the highest
peak cylinder pressure, which is also reached with fuel
SO20BUT20.The ID is prolonged for both blended fuels, with
the longest ID achieved with the fuel SO20BUT20 (Table 4).
The increased premixed combustion and ID when using
n-butanol or other alcohol-based fuel blends in Cl engine
was reported previously (Rakopoulos, 2013; Tutak et al.,
2015; Geng et al., 2017).
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Fig.8 HRR profile in dependence on crankshaft position for
all tested fuels at point no. 3

In Figs. 5 and 6 the cylinder pressure profile and the
HRR profile in dependence on the crankshaft position for
measurement point no. 2 can be seen. From the cylinder
pressure profile, it is evident that for both blended fuels the
cylinder pressure is decreased in comparison with D100.
From the HRR profile, it can be seen that, in comparison with
D100, the premixed part of the combustion is increased
for both blended fuels, with the premixed combustion
being strongest for fuel SO20BUT20. The ID is increased for
fuel SO20BUT20 due to low cetane number of n-butanol.
Additionally, it can be seen that the EOC appears later for
D100 fuel.

In Figs. 7 and 8, the cylinder pressure profile and the
HRR profile in dependence on crankshaft position for
measurement point no. 3 can be seen. Similarly to the
point no. 2, the decrease of cylinder pressure can be seen
for both blended fuels in comparison with D100. Similar
results at high engine loads, caused by low calorific value of
n-butanol and its large heat of evaporation, were reached
by other authors (Imtenan et al., 2015; Babu et al., 2017). On
the contrary, Sharon et al. (2013) found increased cylinder
pressure after addition of n-butanol to diesel-biodiesel
blends due to increased ID. Additionally, the decrease of
cylinder pressure before SOC, caused by high latent heat
of evaporation of n-butanol, for both blended fuels can be
seen. From the viewpoint of HRR profile, the similar trend
can be seen at other measurement points: the premixed
combustion is increased and ID is prolonged, however, the
prolongation is not as significant as in the case of other two
measurement points due to higher rotation speed (Table 4).
The end of combustion occurred earlier for blended fuels in
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Table 4 Ignition delay for all measured fuels
Fuel Point 1 Point 2 Point 3
D100 | gito | surao | °'  gumo  suro | P guro | surao
ID (°CA) 9.01 10.03 10.6 9.3 9.41 10.22 12.4 12.73 13.17
Table 5 Analysis of variance of peak cylinder pressure, complemented with Tukey HSD post-hoc test for point no. 1
ANOVA
a=0.05 Sum of squares Degrees of freedom Variance F
Between groups 5.0003 2 2.5001 294.8
Within groups 12.6703 1494 0.0085
Total 17.6706 1496

Tukey HSD Post-hoc Test
D100 vs SO20BUT10: Dif =-0.1058, 95% Cl =-0.1198 to -0.0918, p = 0.0000
D100 vs SO20BUT20: Diff = 0.0233, 95% Cl = 0.0092 to 0.0373, p = 0.0003
SO20BUT10 vs SO20BUT20: Diff = 0.1290, 95% Cl = 0.1159 to 0.1422, p = 0.0000

ANOVA - analysis of variance

comparison with D100, since the higher amount of fuel is
burned during premixed combustion phase.

In Table 5, the results of ANOVA of peak cylinder
pressure, complemented with Tukey HSD post-hoc test,
for measurement point no. 1 is shown. The statistically
significant difference was found between all tested fuels atall
measurement points. Other authors have previously found
increased peak cylinder pressure when using sunflower oil
(Shah and Ganesh, 2016) or other vegetable oils or its blends
with diesel fuel (Sathiyamoorthi and Sankaranarayanan,
2017; Shah et al., 2018). From the obtained results, it is
evident that n-butanol in the fuel blends has stronger effect
on cylinder pressure than sunflower oil, since the pressure is
decreased at points 2 and 3.

Conclusions

The article is focused on comparison of performance
parameters, cylinder pressure profile and HRR profile of Cl
engine operating on n-butanol-sunflower oil-diesel fuel
blends and diesel fuel. From the results of the measurements,
the following conclusions were made:

* The similar performance parameters of engine operating
on SO20BUT10 were reached during measurement (the
difference is under the measurement accuracy). During
operation on SO20BUT20 fuel blend, the performance
parameters were decreased by approx. 3%. The cause for
this is primarily the low calorific value of n-butanol.

Peak cylinder pressure was decreased for blended fuels
as a result of their lower calorific value and large heat of
evaporation of n-butanol.

The n-butanol in the fuel blend increased the ID in all
measured points as a result of its low cetane number. With
increasing amount of n-butanol in the fuel blend, the ID is
increased.

Heat released during premixed combustion phase was
increased for blended fuels in comparison with D100,
while, with increasing proportion of n-butanol in the fuel
blend, the premixed combustion was stronger.
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* Diffusion combustion phase was practically unchanged
when using fuel blends in comparison with D100.

¢ At the late combustion phase, the EOC occurs earlier for
fuel blends than for D100.

It was found that the main problem of using n-butanol-
sunflower oil-diesel fuel blends in Cl engine is the low cetane
number of n-butanol and its large heat of evaporation in
comparison with the diesel fuel. The combustion process
could be improved by earlier start of injection or by adding
cetane number improvers like 2-ethylhexylnitrate (Atmanli
etal, 2015).

Abbreviations

CA - crankshaft angle, CI - compression ignition,
DLG - Deutsche Landwirtschafts-Gesellschaft, EOC - end
of combustion, FAME - fatty acid methyl ester, HRR - heat
release rate, ID - ignition delay, NRSC - non-road steady
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Acknowledgements

The paper was created with the grant support - CULS IGA
2017:31190/1312/3119 - Analysis of the impact of biofuels
on the pressure profile in the combustion chamber of
turbocharged diesel engine. This paper originated within
the project of long time development of Research Institute
of Agricultural Engineering p.ri. no. RO0618 and project
NAZV No. QJ1510345.

References

ALDHAIDHAWI, M. — CHIRIAC, R. - BADESCU, V. 2017. Ignition
delay, combustion and emission characteristics of diesel engine
fueled with rapeseed biodiesel - A literature review. In Renewable
and Sustainable Energy Reviews, vol. 73, pp. 178-186.

ATMANLI, A. - ILERI, E. - YUKSEL, B. 2015. Effects of higher ratios of
n-butanol addition to diesel-vegetable oil blends on performance
and exhaust emissions of a diesel engine. In Journal of the Energy
Institute, vol. 88, no. 3, pp. 209-220.



Acta Technologica Agriculturae 4/2018

BABU, V. M. - MURTHY, M. - RAQ, A. P. 2017. Butanol and pentanol:
The promising biofuels for Cl engines - A review. In Renewable and
Sustainable Energy Reviews, vol. 78, pp. 1068-1088.

BELOEV, I. — GABROVSKA-EVSTATIEVA, K. - EVSTATIEV, B.
2017. Compensation of CO2 emissions from petrol stations
with photovoltaic parks: Cost-benefit and risk analysis. In Acta
Technologica Agriculturae, vol. 20, no. 4, pp. 85-90.

BIRZIETIS, G. - PIRS, V. = DUKULIS, I. = GAILIS, M. 2017. Effect of
commercial diesel fuel and hydrotreated vegetable oil blend on
automobile performance. In Agronomy Research, vol. 15, no. S1,
pp. 964-970.

CISEK, J. = SZLACHTA, Z. 2001. Correlation between autoignition
delay and cetane number of rape fuels at varied diesel engine work
conditions. In Journal of Kones. Combustion Engines, vol. 8, no. 1-2,
pp. 110-115.

CSN DIN 51900-1: 2014. Testing of solid and liquid fuels -
Determination of the gross calorific value by the bomb calorimeter
and calculation of the net calorific value - Part 1: General
information, basic equipment and method.

CSN DIN 51900-2: 2014. Testing of solid and liquid fuels -
Determination of the gross calorific value by the bomb calorimeter
and calculation of the net calorific value — Part 2: Method using
isoperibol or static jacket calorimeter.

EN 590: 2013. Automotive fuels. Diesel. Requirements and test
methods.

ESTEBAN, B. - RIBA, J. R. - BAQUERO, G. - RIUS, A. - PUIG, R. 2012.
Temperature dependence of density and viscosity of vegetable oils.
In Biomass and Bioenergy, vol. 42, pp. 164-171.

FRANCO, Z. - NGUYEN, Q. D. 2011. Flow properties of vegetable
oil-diesel fuel blends. In Fuel, vol. 90, pp. 838-843.

GENG, P. - CAQ, E. - TAN, Q. - WEI, L. 2017. Effects of alternative
fuels on the combustion characteristics and emission products
from diesel engines: A review. In Renewable and Sustainable
Energy Reviews, vol. 71, pp. 523-534.

HEYWOOD, J. B. 1988. Internal Combustion Engine Fundamentals.
London: McGraw-Hill, 930 pp. ISBN 0-07-028637-X.

HONIG, V. - ORSAK, M. - PEXA, M. - LINHART, Z. 2015b. The
distillation characteristics of automotive gasoline containing
biobutanol, bioethanol and the influence of the oxygenates. In
Agronomy Research, vol. 13, no. 2, pp. 558-567.

HONIG, V. - SMRCKA, L. - ILVES, R. - KUUT, A. 2015a. Adding
biobutanol to diesel fuel and impact on fuel blend parametres. In
Agronomy Research, vol. 13, no. 5, pp. 1227-1233.

HOW, H. G. - MASJUKI, H. H. - KALAM, M. A. - TEOH, Y. H. 2018.
Influence of injection timing and split injection strategies on
performance, emissions, and combustion characteristics of diesel
engine fueled with biodiesel blended fuels. In Fuel, vol. 213, pp.
106-114.

IMTENAN, S. = MASJUKI, H. - VARMAN, M. - RIZWANUL FATTAH,
I. = SAJJAD, H. - ARBAB, M. 2015. Effect of n-butanol and
diethyl ether as oxygenated additives on combustion-emission-
performance characteristics of a multiple cylinder diesel engine
fuelled with diesel-jatropha biodiesel blend. In Energy Conversion
and Management, vol. 94, pp. 84-94.

Jakub Cedik et al.

ISO 8178-4: 2017. Reciprocating internal combustion engines -
Exhaust emission measurement - Part 4: Steady-state and transient
test cycles for different engine applications.

MASJUKI, H. H. = KALAM, M. A. - MALEQUE, M. A. - KUBO, A. -
NONAKA, T. 2001. Performance, emissions and wear characteristics
of an indirect injection diesel engine using coconut oil blended
fuel. In Proceedings of the Institution of Mechanical Engineers, Part
D: Journal of Automobile Engineering, vol. 215 no. 3, pp. 393-404.
MAT, S. C. = IDROAS, M. Y. - HAMID, M. F. - ZAINAL, Z. A. 2018.
Performance and emissions of straight vegetable oils and its blends
as a fuel in diesel engine: A review. In Renewable and Sustainable
Energy Reviews, vol. 82, pp. 808-823.

MULLER, M. - SLEGER, V. - PEXA, M. - MARIK, J. - MIZERA, C. 2015.
Evaluation of stability of elastomer packing exposed to influence of
various biofuels. In Agronomy Research vol. 13, no. 2, pp. 604-612.
OZSEZEN, A.N. - CANAKCI, M. = SAYIN, C. 2008. Effects of biodiesel
from used frying palm oil on the performance, injection, and
combustion characteristics of an indirect injection diesel engine. In
Energy & Fuels, vol. 22, no. 4, pp. 1297-1305.

RAKOPOULOS, C.D.2013.Combustion and emissions of cottonseed
oil and its bio-diesel in blends with either n-butanol or diethyl ether
in HSDI diesel engine. In Fuel, vol. 105, pp. 603-613.
SATHIYAMOORTHI, R.— SANKARANARAYANAN, G.2017.The effects
of using ethanol as additive on the combustion and emissions of
a direct injection diesel engine fuelled with neat lemongrass oil-
diesel fuel blend. In Renewable Energy, vol. 101, pp. 747-756.
SHAH, P. R. = GANESH, A. 2016. A comparative study on influence
of fuel additives with edible and non-edible vegetable oil based on
fuel characterization and engine characteristics of diesel engine. In
Applied Thermal Engineering, vol. 102, pp. 800-812.

SHAH, P. R. — GAITONDE, U. N. — GANESH, A. 2018. Influence of
soy-lecithin as bio-additive with straight vegetable oil on Cl engine
characteristics. In Renewable Energy, vol. 115, pp. 685-696.
SHARON, H. - JAI, P. - RAM, S. - FERNANDO, K. J. - MURALI, S. -
MUTHUSAMY, R. 2013. Fueling a stationary direct injection diesel
engine with diesel-used palm oil-butanol blends - An experimental
study. In Energy Conversion and Management, vol. 73, pp. 95-105.
TKAC, Z. - CORNAK, S. — CVIKLOVIC, V. - KOSIBA, J. - GLOS, J. -
JABLONICKY, J. — BERNAT, R. 2017. Research of biodegradable
fluid impacts on operation of tractor hydraulic system. In Acta
Technologica Agriculturae, vol. 20, no. 2, pp. 42-45.

TULIK, J. — KOSIBA, J. — STANCIK, B. - STULAJTER, I. 2014. Pollution
analysis of new synthetic biodegradable fluid during durability test
of hydrostatic pumps. In Acta Technologica Agriculturae, vol. 17, no.
1, pp. 24-28.

TUTAK, W. - LUKACS, K.—- SZWAJA, S.- BERECZKY, A. 2015. Alcohol-
diesel fuel combustion in the compression ignition engine, In Fuel,
vol. 154, pp. 196-206.

XIAO, J. = JIA, M. = CHANG, Y. - LI, Y. - XU, Z. - XU, G. - LIU, H.
- WANG, T. 2017. Numerical optimization and comparative
study of n-butanol concentration stratification combustion and
n-butanol/diesel reactivity stratification combustion for advanced
compression ignition (Cl) engine. In Fuel, vol. 213, pp. 83-97.

135



	Jakub Čedík1*, Martin Pexa1, Bohuslav Peterka1,
Michal Holůbek1, Daniel Mader1, Radek Pražan6
	Vladislav SVIATSKII1*, Pavol BOŽEK2, Mikhail SOKOLOV3
	Musliu Olushola SUNMONU1*, Michael Mayokun ODEWOLE1, Ibukunolowa Omotola OYELEKE1, Grace Olufunke OTITODUN2, Mobolaji OMOBOWALE3, Moses Odunayo OGUNDARE2
	Anton KASHKAROV*, Volodymyr DIORDIIEV, Andrii SABO, Gennadii NOVIKOV
	Victor AULIN1, Oleg LYASHUK2*, Andrii TYKHYI1, Sergiy KARPUSHYN1, Nadia DENYSIUK2
	The Study of Movement of the Wide Span Tractor-Based Field
Machine Unit with Power Method of its Control

	Deformation of Exposed Tool Parts for Crushing
of Undesirable Advance Growth

